PROCEEDINGS OF THE INTERNATIONAL WORKSHOP ON ADVANCES IN
SURFACE MINING FOR ENVIRONMENTAL PROTECTION AND SUSTAINABLE
DEVELOPMENT 17 OCTOBER 2025, HA NOI, VIET NAM

THE 60" ANNIVERSARY
OF SURFACE MINING EDUCATION

ADVANCES IN SURFACE MINING FOR

ENVIRONMENTAL PROTECTION AND

SUSTAINABLE DEVELOPMENT-2025
(ASMES - 2025)

ﬁﬁ TRANSPORT PUBLISHING HOUSE, HA NOI, VIET NAM



No.

, 10.
11.

12,

13,

- 14.

as.

TABLE OF CONTENTS

AUTHORS

Xuan-Nam Bui, Tran Quang Hieu,
Nguyen Anh Tuan,

Do Ngoc Hoan, Nguyen Phu Vu, Le
Van Quyen

Nguyen Anh Tuan, Pham Van
Viet, Pham Van Hoa, Do Ngoc
Hoan, Tran Dinh Bao

Xuan-Nam Bui, Carsten
Drebenstedt, Nguyen Hoang,
Nguyen Van Duc, Tran Quang
Hieu, Nguyen Quoc Long, Le Ngoc
Ninh

Lai Hong Thanh, Mai The Toan, Le
Ngoc Ninh, Xuan-Nam Bui

Le Thi Thu Hoa, Nguyen Hoang,
Tran Quang Hieu, Tran Dinh Bao,
Le Qui Thao, Nguyen Truc Anh,
Atrushkevich Victor, Xuan-Nam
Bui

Le Qui Thao, Do Ngoc Le Dung,
Nguyen Thi Thuc Anh, Do Ngoc
Hoan, Xuan-Nam Bui

Tran Quang Hieu, Nguyen Van
Duc, Xuan-Nam Bui, Trinh Hai
Son, Bui Hoang Bac

Tran Quang Hieu, Xuan-Nam Bui,
Le Ngoc Ninh, Bui Hong Quang,
Nguyen Van Hai

Thang Dam Trong, Duc Ngo The

Nguyen Dinh An, Tran Dinh Bao

Ngo Ngoc Thuy, Dam Trong
Thang

Van-Viet Pham, Pirat
Jaroonpattanapong, Nguyen Anh
Tuan, Van -Hoa Pham

Tung Lam Vu, Quang Hieu Tran,
Trong Hieu Vu

Do Ngoc Hoan, Tran Quang Hieu,
Tran Dinh Bao

Lam Kieu Anh, Tran Quang Hieu,
Do Ngoc Hoan, Nguyen Anh Tho,
Do Thi Lan Chi

PAPER

Training and Scientific Research Orientation
in Surface Mining: Steadfast Integration,
Reaching New Heights in the Modern Era

Stone in Vietnam: Building stone, rock fill
and armourstone in construction for
Sustainable Development

Smart Mining - Opportunities and Challenges
for Vietnam'’s Mining Industry

Vietnam’s 2024 Law on Geology and
Minerals: Opportunities and Challenges for
the Mining Industry

Some Technological Approaches,
Optimization Strategies, and Sustainable
Development Directions for Selective Mining
in Vietnam's Open-Pit Coal Mines

Some Technological Orientations for Safe
and Environmentally Friendly Mining
Technology of Coastal Placer Titanium
Deposits in Vietnam

Sustainable Rare Earth Mining Technologies:
Global Trends and a Tailored Model for
Vietnam's Development

The management and utilization of industrial
explosives in Vietnam:

Achievements, opportunities, challenges,
and future development orientations.
Experimental investigation on the influence
of water saturation on the propagation
velocity of blasting stress waves

Controlling Harmful Impacts of Rock
Blasting for Construction Site Preparation in
Ha Giang Province, Vietham

A Study on Mitigating Air Shock Wave
Intensity in Surface Blasting for Rock
Fragmentation Using Sand Cover Layers
Prediction of an appropriated powder factor
used for blasting under the consideration of
blast direction and rock mass quality

Investigation and Analysis for the Selection
of an Appropriate Method to determine Rock
fragmentation from Experimental Data
Achievements and Challenges in
Occupational Safety and Health Management
in the Mineral Mining industry in Vietham
Assessment and Control of Fire and
Explosion Risks in Industrial Explosives
Storage Facilities

Advances in Surface Mining for Environmental Protection and Sustainable Development — 2025

PAGES

1-14

15-23

24-41

42-55

56-66

67-83

84-98

99-110

111-123

124-136

137-148

149-163

164-175

176-189

190-209



o 16.

17,

18.

19.

20.

22

23.

24,

25;

26.

27.

28.

29.

30.

o 31.

Do Van Trieu, Tran Dinh Bao,
Dang Tien Anh, Dinh Ba Lam,
Nguyen Van Hoang

Do Thi Lan Chi, Vu Van Thu, Do
Ngoc Hoan

Xuan-Nam Bui, Thi-Tam Nguyen,
Ngoc-Ninh Le, Duc-Tin Quach,
Quang-Hieu Tran, Chang-Woo
Lee, Van-Trieu Do, Van-Duc
Nguyen

Tuan-Ngoc Le, Nguyen Truc Anh,
Hoang Nguyen, Xuan-Nam Bui

Léopold Dupuy, Nguyen Mai Anh,
Hoang Nguyen

Tran Dinh Bao, Vu Van Thu

Do Duc Thanh, Ngo Thanh Tuan

Nguyen Hoang Long, Xuan-Nam
Bui, Tran Thi Hai Van, Dinh Bao
Ngoc, Tran Truong Giang

Dam Trong Thang, Nguyen Chi
Ta, Vu Chong Hieu, Le Hong Hai

Nguyen Van Tinh, Dam Trong
Thang, Le Sy Thuong, Tran Quang
Hieu

Nguyen V.H, Dam T.T, Nguyen V ],
Tatarinov V.V, Tran V.L

Nguyen Manh Thuong, Dam Trong
Thang, Ta Quang Yen

Nguyen Anh Tuan, Do Ngoc Hoan,
Pham Van Viet, Tran Quang Hieu

Tran Quang Hieu, Nguyen Anh
Tuan, Do Ngoc Hoan, Xuan -Nam
Bui, Nguyen Van Duc

Le Duc Phuong, Do Ngoc Hoan,
Phi Trung Kien

Nguyen Anh Tuan, Pham Van
Viet, Tran Trung Anh, Nguyen
Van Tinh, Tran Dinh Bao, Pham
Minh Tu, Noelie Escutenaire

Overview of Carbon Storage Technologies in
Mine Waste Rock: Opportunities and
Challenges for TKV Open-Pit Mines

Safety Culture In Enterprises: An Assessment
And Intervention Framework Based On A
Multi-Model Approach

Decarbonizing Vietnam's Open-Pit Coal
Mining: A Life Cycle Case Study of Emissions
and Mitigation Pathways

Predicting PM2.5 Concentrations in an Open-
Pit Copper Mine Using Advanced Al
Techniques: Insights from the Sin Quyen
Copper Mine, Vietnam

Soil Organic Carbon Assessment and
Prediction in Rehabilitated Open-Pit Mining
Areas Using GIS and Machine Learning:
Insights from France

Analysis, evaluation, and proposal of
solutions to enhance the effectiveness of
occupational safety and health practices in
Vietnam in the current period

Impact of large capacity solar power sources
when connected near high-voltage power
system supplying electricity to mining areas
Development of a Management and
Monitoring System for Production Activities
in Open-Pit Quarries in Vietham
Improvement of the Method for Determining
the Specific Explosive Consumption for Rock
Destruction under Water by a Charge in a
Borehole, Based on the Rock Failure
Mechanism Induced by Reflected Stress
Waves

Study of the calculation, design, and
fabrication of rational small explosive
charges for experimental research on soil
and rock blasting using miniature models
Experimental Study of Noise Reduction
Solutions in an Electric Explosion Device
Model

Esearch, Fabrication and Testing of an
Assembled Floating Working Platform for
Underwater Drilling of Blast Holes in Marine
Conditions in Quang Ninh Province
Proposing fundamental criteria for open-pit
mining to ensure efficiency, sustainability,
and climate change adaptation in Vietnam
The future of open-pit mining in Vietnam:
opportunities, challenges, and pathways to
sustainability

Methodology for rational determination of
ultimate pit limits for monometallic and
polymetallic mines managed by TKV

Run-of-mine ore quality homogenization:
Application for mining conditions of block
24-122, Tan Rai bauxite mine, Tay Nguyen

Advances in Surface Mining for Environmental Protection and Sustainable Development — 2025

210-223

224-233

234-248

249-268

269-290

291-312

315-320

321-328

329-342

343-358

359-374

375-385

386-395

396-412

413-422

423-431



o 32.

& 37;

Ll

33.

e 34.

35.

36.

« 38.

39.

40.

41.

42.

43.

44,

Nguyen Anh Tuan, Pham Van Viet,

Tran Trung Anh,

Tran Dinh Bao, Pham Van Hoa Hoa,
Pham Minh Tu, Noelie Escutenaire

Khuong The Hung, Bui Hoang Bac

Vu The Thu

Le Ba Phuc, Do Van Trieu, Dang
Tien Anh, Tran Dinh Bao

Do Ngoc Tuoc, Nhu Viet Tuan, Trinh
Thi Phuong

Dam Quang Sang, Nguyen Van
Tinh, Hoang Trung Huu, Nguyen
Ngan, Tran Van Dung, Tran

Quang Hieu

Pham Van Hoa, Tran Van Dung,
Hoang Anh Phong, Trinh Quang
Trung, Le Van Quyen, Duong Thanh
Trung, Tran Dinh Bao, Tran Quang
Hieu, Nguyen Anh Tuan, Nguyen
DPinh An, Pham Van Vie

Doan Van Thanh, Do Van Trieu,
Dinh Ba Lam, Tran Dinh Bao

Hoang Manh Thang, Doan Van
Thanh, Dinh Ba Lam, Dang Tien Anh

Luu Van Thuc, Do Van Trieu, Le
Ba Phuc, Le Thi Thu Hoa

Dao Van Chi , Vu Thai Tien Dung,
Phan Mai Linh

Pham Anh Hai, Nguyen Anh Tuan,
Trinh Van Hiep, Pham Hong Thali,
Dang Anh Duc

Nguyen Anh Tuan, Nguyen Xuan Tu,
Pham Van Viet, Do Anh Son, Ngo
Thanh Tuan, Nguyen Tien Hung.

Nguyen Dinh An, Nhu Van Bach,
Tran Dinh Bao

Bauxite ore grade model: construction of a
resource and grade distribution map for
block 24-122, Tan Rai bauxite mine

Sustainable development of apatite ore at the
Coc mine, Lao Cai province based on a
comprehensive assessment of geological
conditions and mining status

Study on developing a method for
monitoring the load model on dump trucks
transporting overburden at open-pit mines
for digital transformation

Assessment of the Potential for Microbial
Underground Coal Biogasification in the Red
River Delta Coal Basin

Method for  Determining  Detonator
Parameters for Blasting in Open-Pit Mines in
Vietnam

Drilling and blasting operations
management system - designed to meet
digital transformation requirements and
adapted to practical conditions of Open-Pit
coal mines in Quang Ninh region

Study on simulating the propagation of
blasting stress waves in water-saturated
rock and soil conditions at coal mines under
TKV

Research on Non-Explosive Rock Breaking
Methods for Open-Pit Mines in Vietnam

The necessity of researching and developing
a monitoring database and a slope stability
warning program for pit walls and waste
dumps using digital models integrated with
artificial intelligence (Al) for open-pit mines
under TKV

International experience in mainstreaming
environmental protection into mineral
resource development and implications for
Vietnam

Application of CCUS Technology in TKV
Thermal Power Plants: Potentials and
Prospects (Part )

Impact assessment of open-pit mining on
underground mine structures: A case study
of coking coal mining, Bac Lang Cam, Thai
Nguyen provinc

Real - Time Blasting Plans Generation Using
Artificial Intelligence: Improving Efficiency
and Safety in Mining Blasting Operations

Advances in Surface Mining for Environmental Protection and Sustainable Development — 2025

432-440

441-447

448-459

460-469

470-479

480-490

491-500

501-510

511-520

521-527

528-538

539-556

557-564



Advances in Surface Mining for Environmental Protection and Sustainable Development — 20235

6 ASMES - 2025

Y NIEM 60 NAM DAD TAD www.khaithaclothien.edu.vn
NGANH KHA| THAC MO L) THIEN

Study on simulating the propagation of blasting stress waves
in water-saturated rock and soil conditions at coal mines
under TKV

Doan Van Thanh!, Do Van Trieu!, Dinh Ba Lam!, Tran Dinh Bao?
IInstitute of Mining Science and Technology, Ha Noi, Vietnam
2 Hanoi University of Mining and Geology, Ha Noi, Vietnam

ABSTRACT

Among the production technologies applied in open-pit coal mining, rock fragmentation by drilling
and blasting remains an effective method in terms of both economic and technical aspects However,
the variation in geotechnical and hydrogeological conditions at deeper mining levels is a factor that
directly affects blasting efficiency and increases associated costs. Therefore, by conducting
simulations of blasting responses under various water-saturated rock and soil conditions using a 2D
LS-DYNA model—incorporating the geomechanical properties and hydrogeological characteristics
specific to the Cao Son open-pit coal mine—a more intuitive understanding of the propagation and
attenuation of stress waves in deep rock layers can be obtained. Based on the simulation results, a set
of technical solutions will be proposed to improve safety in deep open-pit coal mining operations.

Keywords:
Blasting simulation, Blasting-induced stress waves, Open-pit and underground relationship.
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Nghién ctru mo6 phong lan truyén séng (rng suat né min trong
diéu kién dat da ngam nuwdc tai cac mo than thudc TKV

Poan Van Thanh!, 6 Van Triéu!, Pinh Ba LAm, Tran Dinh Bao?

I'Vién Khoa hoc Cong nghé Mo - Vinacomin, Ha Ni, Viét Nam

2 Trwomg Pai hoc M6 - Dia chat, Ha Noi, Viét Nam

TOM TAT

Trong cdc cong nghé phuc vu san xudt cia mo than Io thién, viéc lam toi dat da bang khoan - né min
la mot giai phap cong nghe hiéu qua vé ca yeu t6 kinh té, ky thuat. Tuy nhién, voi diéu kién DCCT -
DCTV thay doi tai cdc tang sau la mét yéu té anh hwong truc nep dén hiéu qua dap vo ddt dd va lam
tang chi ph! trong khdu né min. Theo dd, véi viéc nghién ciu, mé phong phan trng né min trong cac
diéu kién dat da ngam nu &c khdc nhau trén mo hinh 2D LS-Dyna c6 thén 9. so cor ly dd, tinh chdt thuy
van ddc trung cua cdc mo than 16 thién Cao Sorn, sé co cdi nhin truc quan Ve tdc dong cua nuoc ngam

dén viéc, suy giam song ung sudt trong moi truong dat dd tang sau. Dong thoi, ke két qua mo phong
trén, dé xudt nhém cac giai phdp ky thudt nang cao an toan cho cac mo than 16 thién xuéng sau.

Tir khéa: M6 phéng nd min, song tng sudt né min, quan hé I thién ham lo.

1. M¢é dau

Trong diéukién khai thac xudngsau tai caic mo than 19 thién, su thay d6i cia moi trweong
dia chat cong trinh - dia chat thuy van (BCCT-BCTV) nhu giam do nit ne, tang do cing, do
nguyen khdi va sw hién dién cua nwoc ngam dalam gia tang khoi luwong dat da can khoan no
va anh hwong ro rét dén hiéu qua né min. Duéi tac dong cua nudce trong 10 khoan, ty 1é da
qua c0, chat Ier}g dap vy va chi phi né min déu c6 xu hwdng gia tang. S0 liéu thuc té tlr cac
mo than vung Quang Ninh cho thay, ty 1é thudc no chiu nwdc hién nay dao dong tr 40-60%
va tang trung binh tir 8-15% moi nam; dac biét tai cac tang sau co the 1én toi 70-100%.

Trén thé gidi, nhiéu nghién ctru da st dung m6 hinh phén tir hiru han dong (DFEM)
trong LS-DYNA dé mo phong anh hudng cia nudc dén phan tng nd min. jmg Gao (2020) sw
dung m6 hinh DFEM 2D dé danh gia su bién doi 4 ap luc no gitra hai moi truong datdakhova

ngam nuoc, trong khi Hesam Dehgham (2019) str dung mo phong DFEM 3D cho thdy ty 1é da
qua co khi no trong 16 khoan ¢6 nwoc tang khoang 15%. Cac nghlen cru khac nhw cua
Yingguo Hu (2016) va Wenbo Lu (2016) cho thdy hiéu qua cta viéc diéu chinh phwong phap
ndé min [ner tao bién hoac thay doikhoi lLr(rng thudc no theo thoi gian vi sai) trong viéc giam
s6ng chan dongva dam bao 6n dinh ber mo.

Dua trén co s ly ludn d6, nghién ctru nay tién hanh xay dlrng mo hinh lai gitra phwong
phap SPH (Smoothed Particle Hyd: odynamics) va DFEM trong moi truong 2D su dung phan
mém LS-DYNA. M6 hinh mé phong duoc thiét lap dua trén cac thong so dia ky thuat, diéu
kién thiy van va loai thuoc no dac trung caa mo Cao Son, két hop véi thw vién vat liéu chuan
hoa trong Ansys. Két qua mo phong la co s& dé danh gia dinh lwong anh hwéng ctia nuéc
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trong 16 khoan dén hiéu qua né min thong qua cac chi tiéu nhw bién déi song u'ng suat, ap luc
no6 va mirc d6 dap v dat da trong hai kich ban: 16 khoan khé va 16 khoan ngap nwéc.

2. Dir liéu va phwong phap nghién ciru
2.1. M6 hinh lai SPH va DFEM

Phu'o'ng phap phan tir hivu han dong (DFEM) mo ta vat thé lién tuc thong qua su xap xi
bang cac phan tir hiru han c6 kich thwéc xac dinh, dwoc lién két véi nhau qua cacnut. Sau khi
thiét lap quan hé (rng sudt - bién dang ctia phan t, trang thai (rng sudt - bién dang ctia toan
hé co thé xacdmh(Dung, 2009). Trong khi do, phu'omg phap thuy dong lu'c hoc hat min (SPH)
duoc Lucy, Gingold vaMo naghan phat trién nham khac phuc han ché cia phu*cng phap phan
tt hiru han trong cac bal toan bién dang cuec tri. Khac voi DFEM, SPH khong st dung nit ma
thay thé bang cac hat, mdi hat dai dién cho ddi tuong voi dac trung rleng va chung theo khai
bao. Phwong phap nay doi hoi mot co ché tinh toan méi, dwoc bidu dién ngan gon bang cong
thirc (Thung, 2017):

1" f(x) = J‘_/"(_l')W(.r-q‘.h)d_’v vei Wla ham hat nhani (1)

Ham hat nhan W dwoc xac dinh bang cach sir dung ham 6 qua mdilién hé [3]:
Wi(x.h)= (2)

Vi d 1a so chiéu khong gian, h la do dal du'crc lam min thay doi theo thoi gian va trong
khong gian W(x,h) phai la ham trung tam.

Doi véi bai toan mo phong n6 min, DFEM truyén thong khong du bao chinh xac phat
trién hé khe nirt, mirc d6 dap vor dat da, bién dang khu vure nd va khi né. SPH khic phuc duoc
nhitng han ché cia DFEM nhung lai gap kho khan trong viéc tinh toan cac diéu kién hiru han
[Wang, 2005). Do d6, viéc két hcrp DFEM vaSPH 1a mot giai phap hiéu qua dé mé phong chinh
xac toan b qua trinh né min va dwa ra cac du bao vé phat trién ctia cac nirt né thi phat.

Trong nghién ctru ctia bai bao, ky thuatghep noi “rang budc bé mat - tied interface - T1”
duoc sir dung (Zhou, 2015). Ky thuat trén lién két cac hat ctia SPH theo tu‘ng nat cua DFEM
(hinh 1). Trong d6, cac hat SPH dwoc dinh nghia la cac nit phu cia DFEM, cac phan tir hiru
han DFEM déng vai tro bé mat chinh.

[[iwvavan ||
| téc hat
1

| Tilé bién :
|
|
I

dang
| — 1

Ung sudt/
pha hiy

Tidp xic krc

‘ A= ‘ Urng sudl/ bién ]
dang/pha hi
spm—‘—vopm ==

a, Cdc hat SPH lién két voi phan tir hivu b, Quy trinh thuwc hién ky thudt ghép TI
han DFEM

Hinh 1. M6 hinh lai SPH - DFEM

V@i mo hinh lai SPH - DFEM, cac hat va cac nut khi lién két sé ¢ cung gia toc dwoc xac
dinh béi khoi lwong valwe ctia hat va nit phan tir. Van tdc va vi tri cia cac nat phan tir va hat
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duoc thay doi theo bao toan dong lwong va van téc ctia hat trén bé mat tong thé tai diém tiép
xuc.

2.2. Ddc tinh vat liéu sw dung trén mo hinh mé phong

Vat liéu duoc sir dung trén mo hinh bao gom: Pat da khu vuc no; thudc st dung va
nwoc Voi viée sit dung phan mém LS - Dyna 1a phan mém chuyén dung dé mé phong dong
lwe hoc tworng minh (Explicit dynamics). Cac dac tinh cua vat liéu trong m6 phong da duoc
cong thirc hoa dé twong thich véi cac bai toan mé phong dong.

a. Ddat dd khu viee nd

bactinh ctia da 1a mot loai vatliéu gion (Pam Trong Thang, 2015). Do dd, vat liéu hop
phu phong trong LS-Dyna la vat liéu Riedel Hiermaier Thoma - RHT, duoc phat trién boi
Riedel, Hiermaier va Thoma (Jing Gao, 2020). RHT bao gom 03 bé mat phu thuéc ap suat
trong khong gian (rng suat, la cac trang thai gi¢i han khac nhau, cu thé 1a gi¢i han pha huy,
gi¢i han dan hoi va pha huy thir phat.

b. Thudc no swr dung

Ban chdt vat liéu no trong LS-Dyna dwoc phan anh qua phwong trinh trang thai JWL,
moi quan hé gitra ap sudt - thé tich - nang lwong cla cac san pham no. Cac tinh chat trén co
dac tinh thyc nghiém, duwogc xac dinh qua thi nghiém thuwe té doi véi tirng loai chat no.

¢. Nwoc trong 16 khoan

Cac dac tinh vat ly ciia nwéc trong mo phong dwoc thé hién qua da thirc tuyén tinh sau
(Jing Gao, 2020):

p=Co+Ciu+ Coyl + Cy’+ (Cs+ Csu+ Csif).E (3)
Trong do: Ci - tham s6 clia phwong trinh dwoc xac dinh trén thuc nghiém; E - n6i nang
ban dau ciia mot don vi thé tich twong doi u=(1/V) -1, V - thé tich twong doi.
3. Noi dung va két qua dat dwoc
3.1. Dac diém khu vuc nghién civu
Mo than Cao Son la mot mo than 16 thién 16n cua tap doan TKV. Tinh dén 31/12/2024,
san lwong than nguyén khai san xuat dat 4,31 triéu tan, dat da boc xtuc dat 49,24 triéu m3.

Hién nay, mo than Cao Son dang khai thac cac tang sau, day moong dat mic - 175 m tai
bong Cao Son va - 150 m tai Trung Tam Cao Son (hinh 2). bat da trong moong gom lép da
xen ké nhau c6 tinh chat khong dong nhat, géc cam cua cac phan 16p thay doi, voi khoi lwong
tieng trung binh tir 2,67 + 2,75 g/cm?3; goc noi ma sat tir 31948’ + 34028,

bat da trén mo dwoc lam toi chu yéu bang KNM véi 16 khoan dwong kinh 16n d = 250
mm, st dung phuong phap né vi sai toan phan, thuéc né Anfo thwong cho 16 khoan kho va
thudc n6 nha twong két hop Anfo thwong dung cho 16 khoan chira nuworc.
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Hinh 2. M6 hinh 3D hién trang day moong mirc -145 va vi tri mé phong thw nghiém
trén mo than Cao Son
3.2. M6 hinh mé phong

Dé danh gia anh huong cta nwoc trong 16 khoan dén hiéu qua n6 min, bai bao xay dung
mo hinh 2D lai SPH - DFEM trong phan mém LS- Dyna dua trén dac diém bai no thu'c té tai
mirc + 65 trén mo than Cao Son (hinh 2). M6 hinh xay dtmg theo 02 truo'ng hop: L6 khoan
kho sur dung thuéc no Anfo terorng (hinh 33) va 16 khoan cé nwéc st dung thude no nhi
twong két hop Anfo thudng véi chiéu cao cot nwérc trong 16 12 3 m (hinh 3b). Thoi gian gian
cach gitra 2 dot no: 25 ms.

\ b | \ b
A | A \
Lb Lb \\
\__ ]
¥ | | S N b e Y
a, Trwong hop 01 b, Trwong hop 02

Hinh 3. M6 hinh 2D mé phéng né min trong hai trwéng hop 16 khoan khé va 16 khoan cé nwéc
Thong s6 KNM str dung trén mo hinh, xem bang 1.

Xét theo DCCT tai bai né mirc + 65 mo6 Cao Son, dat da thudc nhom cat két, két cau ran
chackho phavd, f= 12, khoi lwongriéng 2,72 g/cm?; lwc khangkéo 103,96 kG/cm?; luc khang
nén 1023,03 kG/cm?, goc ndi ma sat 34916’



Advances in Surface Mining for Environmental Protection and Sustainable Development

Bang 1. Thong s6 KNM sw dung trén 02 mé hinh mé phong

2025

Stt Thong so Ky hiéu Pon vi Gia tri
1 Chiéu cao tang cong tac H I m 15

2 | buong kinh 16 khoan dy | mm 250
3 Chiéu sau 16 khoan L m 17,5
4 | Chiéu sau khoan thém L m 2,5

5 Puong khang chan tang w m 8,5

6 Khoang cach giira cac hang 16 khoan b m i

7 Chiéu cao cot bua Ly m 8,0
8 Chiéu cao cot thudc Ly | m 9,5

bé phu hop vi cac thong so khai bao tinh chat vat lieu RHT dung trong mo phong. Bén
canh cac tinh chat cia da cat ket theo PCCT cia mo Cao Son, két hop thém cac tinh chat khac
doi véri da cat két tir thu vién vat liéu ctuia Ansys (Ansys, 2020).

Ngoai ra, cac tinh chat cia thuéc no Anfo, thuéc no nha twong va nwéoce dugce khai thac
twong tw nhuw vat liéu RHT. Cac thong so cta vat liéu xem bang 2.

Bang 2. Théng s6 vat liéu st dung trong mé phong

Stt Thudc tinh | Giatri | Stt | Thudc tinh | Giatri

I | Vatliéu RHT

1.1 | Khéi lwgng riéng, g/cm? 2,73 | 1.8 | Aplucpha v, Pa 1,25e*8

1.2 | Luc khang kéo, kG/cm? 103,96 = 1.9 | Tocdo bién dang kéo 3e*25

1.3 | Lwc khang nén, kG/cm? | 1023,03  1.10 | Téc do pha v 3e*25 |

1.4 | GAc ndi ma sat 34°16' | 1.11 | D616 rong ban dau 1,1

1.5 ?I:fé‘.‘u dang pha huy tO1| ¢ 015 | 1.12 | Téc dotruyén am,m/s | 2.6102.800

16 Thong s6 bé mat pha huy 244 113 Toc d_é ..I’Jié'n dang kéo 30,65
(A) tham chiéu

17 Téc do ‘Pié’n dang nén 3065 | 114 'I‘hfmg' s6 bé mat lng 0.53
tham chiéu | suat nén

Il | Anfo thwong

2.1 | Khoi lwong riéng, kg/cm? 931 2.6 | Hé so trang thai (R1) 3,907

2.2 | Téc don6, m/s 4200 | 2.7 | Hé s6 trang thai (R2) 1,118

2.3 | Ap luc ng, Pa 515 2.8 | Hé so trang théi (w) 0,33

2.4 | Hé s6 trangthai (A), Pa | 4,95e'10 2.9 g;sgw lti%r;?ch’?gat/r;‘; L1 248e

2.5 | Hé so trang thai (B), Pa 1,89¢* | 2.10 | Khoi lwgng thwe, m3/m3 1

111 | Nhii twong chiu nwéc -

3.1 | Khéi lwgng riéng, kg/cm3 | 1,180 3.6 | Hé so trang thai (R1) 4,933

3.2 | Toc dond, m/s 5.866 3.7 | Hé so trang thai (R2) 1,962

3.3 | Ap lwc nd, Pa 1,10.e*10 3.8 | Hé so trang thai (o) 0,52

3.4 | Hé s6 trangthdi (A), Pa | 2,86.e'10 | 3.9 3;:% i't‘:;‘-;‘:%”ch‘j‘;at/";ﬁ L1 3180
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[ st [ Thuéc tinh Giatri | Stt Thudc tinh Gia tri
E‘S Hé so trang thai (B), Pa 6,72.e*? | 3.10 | Khoi lwong thwe, m3/m3 | 1
IV | Nwée trong 160 khoan -
4.1 | Khoi ]Lrorng riéng, kg/cm? | | 1.025 | 4.6 l Hé s6 S2 1,9859
4.2 | Ap luc cdt, Pa 0.01 | 4.7 | HésoSs - 0,2286
4.3 | Hé sO nhot 8,58.e10 | 48 | Gama 0,35
4.4 | Hé s6 C,m/s 1480 | 49 |HésoA 1
4.5 | Hé 53 S 25599 | 4.10 | JN/?:? g, ban 4R | gn au

3.3. Két qua mo phong

Tt mo6 hinh 2D SPH-DFEM theo 02 truw ong hop danh gid (hinh 3a, b) va cac thuoc tinh
cua vat liéu mo hinh. Thuc hién mo phong qua trinh né min va ghi nhan s6 liéu trén 03 diém
(hinh 4) trong phan mém LS-Dyna véi thori gian 0,1 gidy.

Hinh 4. 03 diém khdo sdt quda trinh né min trén mé hinh DFEM-SPH

Két qua moé phong cta 02 trweong hop, xem hinh 5 + 6.
- Trwong hop 01

a, Ap Iuc né lan tr uyen sau khi kich n6 Lot b Ap fu'c né lan truyén sau khi k:ch no cot
thudc thir nhat thudc thir hai

Hinh 5. Mé phéng né min trong I6 khoan khé nap Anfo thwéng
- Trwong hop 02
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a, Ap luc né lan truyén sau khi kich né cotthuoc b, Ap lwe né lan truyén sau khi kich né cot
thir nhat thuoc thu hai

Hinh 6. M6 phong né min trong lo khoan co nwdéc nap thudc hon hop

Tai 03 diém do trén mo hinh, ap lwc no va song ing suat dwoc ghi nhan xuyén suot thoi
gian mo phang. Két qua do duoc xem hinh 7 = 8.

a, Trwong hop 01 b, Truong hop 02

Hinh 7. Ap lwe no tai 03 diém do trén mé hinh né min

a, Truwong hop 01 b, Trwong hop 02
Hinh 8. Séng trng sudt tai 03 diém do trén mo hinh né min

T két qua do ap lwcnova g.(m;_, tng suat tai 03 diém do theo 02 tr umu__ hop moé phong
cho thdy Dwéi anh hwong cua nudc trong 16 khoan, ap lwc nd trong truomg hop 2 sir dung
thudc né hon hop cd gia tri lén nhat dat 0,49.10+9 Pa nho hon truong h(rp 1 co gia tri
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0,61.10+9 Pa. bong thoi song ung suat I¢n nhdt lan truyén trong dat da cuaa truong hop 02
(0,69.10+9 Pa) nho hon truong hop 01 (0,88.10+9 Pa] 0,78 lan. Do d6, su xuat hlen cua nuwéc
trong khu vuc khoan - no sé lam giam nang lwong cua song Lrng suat va ap lwc no, anh hwdong
truc tiép dén hiéu qua dap vér dat da ctia phwong phap no min.

3.4. Dé xudt cdc giai phap ndng cao hiéu qua né min cho cdc mo 16 thién sdu

Duwa trén két qua phan tich, mot hé thong cac giai phap ky thuat dong bo duoc dé xudt,
co thé duo'c nhém lai thanh mét chién lwoc "tich ho'p" gom ba lép: Loai bo/Kiém soat nguyen
nhan goc ré, Thich tmg mot cach thong minh véi diéu kién khong thé tranh khoi va Phong
ngira cac rii ro phat sinh (Hinh 9)

Ky thuat va Quan ly Mo

Té4ng cuong thoat Hien dai hoa giam

nudc chu done sat an toan
hodt nude chu dang kiém Gidm sat an 1oan glup
081 mue nudc ngan phang ngua ri ro truot |6
Loal be Thich umng/Phong nglra
u Tol uu hoa thong so
mang né
Vat lieu nth phi mr oal bo T

3i vu hda mang néd thich
khong hieu qua umig ven digu kién ngam

nuoc
“ang nghé No min

Hinh 9. Gidi phdp ky thuat déng b ndng cao hiéu qud né min cho mé 1§ thién sau
- Nhém giai phap vé Cong nghé N6 min (Thich rng)

Khi viéc loai bo hoan toan nuwéc la khong kha thi, can phai "song chung véili" mot cach
thong minh bang cach cai tién cong nghé nd min, bao gom Lwa chon vat lleu nd phu horp,su
dung 100% cac loai thudc nd chiu nwéc hiéu sudt cao; Téi wu héa thong s6 mang né, giam
khoang cach gitra cac 10 khoan trong hang va khoang cach giira cac hang,

- Nhom giai phap vé Ky thuat va Quan ly Mo (Loai bo/Kiém soat va Phong ngira)

bay la nhom giai phap mang tinh nén tang va phong ngira, giai quyet nguyén nhan goc
ré va cac rui ro lién quan, bao gom (i) Tang cwa'ng cong tdc thodt nwéc chu dong (Loa:
bo/Kfem soat): Pay la gidi phap can co va hiéu qua nhat. Can dau tw manh mé vao cac hé
thong thoat nuée chi dong dé ha thap murc nuoce ngam trong khu vue sap khai thac, tao dleu
kién "kho" nhat co thé cho cong tac n6 min; (i) T6i wu héa thiét ké bor mé (K:em soat} Ap
dung cac két qua nghlen clru vé khai thac ting sdu nhu thiét ké bo mo dang 16i, tinh toan va
ap dung goc doc swon tang toi wu; (iii) Hién dai héa céng tdc gidm sdt an toan (Phong ngira):
Viéc n6 min trong diéu klen dat d4 bao hoa nuérc ¢6 thé lam gia tang dot ngot ap luc nuéc 16
rong, mot trong nhirng yéu to nguy hiém hang dau gdy mét on dinh va c6 thé dan dén truot
& bo mo. Do do, viéc trang bi cac hé théng quan trac 6n dinh bor mo béng radar 1a cwc ky can
thiét. Hé thong.nay c6 kha nang phat hién cac dich dong bé mat rit nho va dwa ra canh bao
som truoc nhiéu ngay, cho phep mo c6 dui thoi gian dé 1én ké hoach xur ly hoac di chuyén
nguwoi va thiét bi dén noi an toan, dam bdo an toan tuyét déi trong san xuat.

4, Két luan

Phu'o'ng phap mo phong da da tré thanh giéi phép dang tin cdy trong viéc nghlen clru,

phan tinh va danh gia mé hinh tac dong co hoc. Két qua mé phong trén mo hinh lai giira SPH
- DFEM 2D qua trinh né min theo 02 trwdng hop 16 khoan khé va 16 khoan ¢6 nwéc cho thay,
anh hudng cla nuéc trong khu vuc khoan - no sé lam giam nang llro'ng cua song ung suat
va ap lwe no, giam hiéu qua dap vo dat da. Do d6, dé nang cao hiéu qua né min tai khu vue
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tang sau, can ap dung dong bo ca ba 1op gidi phép trén sé tao thanh mot chién lwoc toan dién,
gitp cac mo 16 thién ctia TKV vuot qua thach thiee khi khai thac xudng sau, dam bao ca veé
hiéu qua kinh té va an toan lao dong.

Loi cam on
Nhém tac gia xin chan thanh cam on TS. Nguyén Van Dirc, Dai hoc Pong A Han Qudc da gidap
d& trong qua trinh chay mo6 hinh mé phong né min bang phan mém ban quyén LS-
Dyna/Ansys.
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