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This study aims to establish a monitoring method for managing the effective maintenance of tailings dams. The monitoring of a
tailings dump area involves several parameters and their investigation through a selection of evaluation items. The extents of
defects and progressive failures also need to be effectively estimated. Therefore, the monitoring items can be subdivided into cat-
egories relating to the retaining wall structure (concrete wall, reinforcing stone wall, mesh gabions) and general facilities (liner,
covering soil, slope, tailings, rain protection facility, leachate, planting), and quantitative evaluations can then be conducted for
each condition. In doing so, we developed a systematic monitoring method that assesses the dam maintenance condition with
grades and scores. The field application of the monitoring method results showed it to provide a more detailed evaluation than
existing monitoring methods: the method detected an additional 16 defects missed by conventional methods. The evaluation gave
scores of 89.3, 22.2, and 27.8 to the Geumjang mine tailings dam, the Gupoong mine tailings dam, and the Hwachun mine tail-
ings dam, respectively. The advanced method can provide quantitative evaluation and perform detailed monitoring of the dams.
This quantitative evaluation can be used to decide on maintenance priorities, select the main management items, and establish
schedules of maintenance.
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Table 1. Current conditions of mines in Korea (Korea Mine Reclamation Corp, 2011).

. General mine (site) Coal mine Total

Division . K
Metal mine Non-metal mine Subtotal (site) (site)

Operating property 56 531 587 6 593
Dormant mine 21 101 122 - 122
Exhausted mine 2,089 2,198 4,287 394 4,681
Total 2,166 2,830 4,996 400 5,396
Table 2. Types of mine damage (Korea Mine Reclamation Corp, 2011).
Division pg?i?li?:)n Forest-debris Tailling po%l?l??on fa\zli?istiS subi?ggnce 2;(1)::;
Coal mine 46 203 - 117 163 96 625
Metal mine 60 966 238 762 431 444 2,901
Non-metal mine 6 934 - 63 340 73 1,416
Total 112 2,103 238 942 934 613 4,942
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Table 3. Number of managed tailings dam sites (Korea Mine Reclamation Corp, 2013).
Department 2009 2010 2011 2012 2013
Gyungin branch 5 5 7 7 7
Gangwon branch 8 9 10 11 11
Youngnam branch 19 21 21 21 21
Honam branch 4 4 4 4 4
Total (site) 47 50 54 56 57
Table 4. Current condition of post management for tailings dams (Korea Mine Reclamation Corp, 2014).
No.| Department Area Mine V(()Il:%l N Period (One El)i)zesr;ileds won) Completion | Remark
1 | Chungcheong Gongju Deokgok 2,755 | <07.12~°08.07 571,000 08.07
2 Yeungnam Uiseong Okdong 44,585 | “07.12~08.12 3,560,000 08.12
3 Gangwon Gangneung Okgye 3,446 ‘07.12~09.03 897,604 09.03
4 Yeungnam Uljin Geumjang | 79,690 | 07.12~‘09.04 3,958,000 ‘09.04
5 Yeungnam Bonghwa Jingok 30,806 ‘08.10~09.08 1,355,000 09.08
6 Yeungnam Uljin Ssangjeon | 88,301 ‘08.12~09.11 1,957,000 ‘09.11
7 Yeungnam Yeongdeok Hwacheon 6,250 | 09.10~°10.06 720,622 ‘10.06
8 Yeungnam Yeongdeok Sejum 46,600 €09.06~10.09 1,715,138 ‘10.09
9 Kyeonggi Yangpyeong | Geumwang 3,895 °09.06~10.10 1,046.474 ‘10.10
10 Kyeonggi Yeoju Yeosu 2,400 ‘10.06~10.11 278,956 ‘10.11
11 Gangwon Samcheok | Je2yeonwha |765,000 ‘08.12~10.11 5,107,779 ‘10.11 2 places
12 | Chungcheong Jecheon Eugene 1,275 ‘10.05~¢10.12 71,276 ‘10.12
13 | Chungcheong Okcheon Geopung 42,168 ‘09.12~10.12 2,696,376 ‘10.12
14 Kyeonggi Pocheon Yongseok 12,851 ‘10.06~11.04 690,514 ‘11.04
15 Honam Jeongeup Daedu 60,000 ‘10.06~°11.06 1,259,519 ‘11.06
16 Gangwon Goseong Dongbo 2,605 ‘11.07~°12.09 158,891 ‘12.09
17 Honam Haenam SMC - ‘11.12~12.10 1,844,812 ‘12.10
18 Honam Jangsu Youngdae 24,579 ‘11.03~12.11 344,200 ‘12.11
19 | Chungcheong | Cheongyang | Chengyang | 17,182 ‘11.12~°12.12 950,268 ‘12.12
20 | Chungcheong | Eumseong Mooguk - ‘12.10~13.02 100,000 ‘13.02
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@ Tailings dam constructed by MRECO
Q Tailings dam constreuted by municipalities

Fig. 1. Distribution of tailings dams stockyard in Korea.
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Table 5. Standard of post management at the tailings loss-prevention project.

Division

Standard of post management

Liner

* Evaluation of liner efficiency by monitoring groundwater level.

Covering soil layer

* Regular monitoring is needed to prevent from sweeping away by heavy rain.
« Stability evaluation of covering soil layer through field permeablilty test.

Planting

* Replanting or seed spray as needed.

Rain protection facility

* Regular cleaning in rain protection facility.
* Repair is needed when facility is broken.

wash-out prevention facility

* Repair is needed when erosion, crack, detachment occur.

leachate delivery pipe

* Regular monitoring is needed to prevent seepage water guide pipe from clogging.
* Cause repair is needed when seepage water is found around mine tailing dam.

Table 6. Evaluation item and manner of existing monitoring.

Division Evaluation list Evaluation manner Etc.

Tailing Exposure, scattering, sweep
Covering sand layer/Slope Soil loss
Retaining wall Damage YES/NO .

- - Other opinion
Drainage Clogging, Damage GOOD/BAD
Leachate Occurrence/effect of surrounding water system
Planting Vegetation condition of surrounding/top of dam
ey, (e A 2ol dewrke FdskES Hof = vepskon, vz gl gl wg)(15.8%), HES
ATk, ARFRUEY o el AR B SolAL (15.0%), 218E(10.0%), AP (7.1%) 5 F=H77]
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Table 7. Results of existing monitoring (Korea Mine Reclamation Corp, 2012, 2013, 2014).
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. o Covering Retaining . . . .
Mine Tailing soil layer Slope wall Drainage | Leachate Planting | history of repair
& Geumwang Good Good Good Good Good Good Good Planting
bD . .
§ Yeosu Exposure Loss - Damage Defect Good Good Relnfor\s}gﬁg stone
>
M Yongseok Good Good Soil loss Good Blockage Good Imbalance
Deokgok Good Good Good Good Good Good Good Slope
%“ Eugene Good Loss - Good - Good Imbalance
Q . .
f)n Geopung Good Good Good Failure Good Runoff Good Relnfor\s}gﬁg stone
=
=
S Chengyang Good Good - Good Good Good Good
Mooguk Good - Good Good Good Good Good
- Okgye Good Good - Good Good Good Good
§ Damgol Good Good Good Good Good Trail Good Safety
&n
§ Jiknaegol Good Good Good Good Good Runoff Good
Dongbo Good Good Good Good Good Good Good
Okdong Good Good Good Good Good Runoff Good
. Geumjang Good Good Good Good Good Good Good Safety
gﬁ Jingok Good Good - Good Good Good Good
% Ssangjeon Good Good - Good Good Runoff Good
~ Hwacheon Good Good Good Good Good Runoff Good
Sejum Good Good Good Good Good Good Good
g Daedu Good Good Good Good Good Good Good Drainage
S
é Youngdae Good Loss Good Good Good Good Good
Table 8. Defect rate of each evaluation item according to monitoring results.
- Covering Retaining . .
1=}
T 57 Tailing soil layer Slope wall Drainage | Leachate Planting Total
Number of analysis 20 20 14 20 19 20 20 -
Number of defect site 1 3 1 4 3 6 2 20
Defect rate (%) 5.0 15.0 7.1 5.0 15.8 30.0 10.0 -
Ratio of the Defect rate(%) Ratio of the Repair
100% :
50%
30.0%
15.0% 15.8%
10.0%
5.0% " Ti% i gom "
il I :n
Tailing Slope Drainage Panting
Covering soll layer  Retaining wal Leachate

Fig. 2. Ratio of the defect & repair in the tailing dam.
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Table 9. Re-establish for the monitoring items.
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Existing monitoring

Improvement plan of monitoring

Check item Evaluation item

Check item

Evaluation item

Concrete retaining

wall Displacement, Damage, Degradation

Retaining

Retaining wall wall

Damage

Reinforcing stone

wall Displacement, Damage, Degradation

Mesh gabions

Displacement, Damage, Degradation

Liner Yes/No, Condition Liner Yes/No, Condition, Groundwater lavel
. . . Covering soil Soil preparation, Soil loss
Covering soil/Slope Soil loss - - — -
Slope Sign of destruction, Condition of destruction
Tailing Exposurse, eSecattermg, Tailing Exposure, Scattering, Sweep
weep General . .
Structure (drainage) Damage facility Ramfi 1;(1)itte;ct10n Stability, Watertightness, Flow ability
. . . Occurrence, Contamination level, Condition of
Leachate delivery pipe Clogging Leachate delivery pipe, Effect of water system
. Condition of surrounding . Condition of growth, Soil contamination level,
Planting Planting

area/Top

Physicochemical property of soil
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Table 10. Detailed standard of each item.

Division | Grade Detailed standard
1 * No displacement/compensating/degradation on structure and foundation ground
2 | * Displacement/compensating/degradation on structure and foundation ground happens but function is normal
Retaining 3| Displlacement/compensating/degradation on structure and foundation ground happened, potential damage of
wall function
4 | » Displacement/compensating/degradation on structure and foundation ground happened, damage of function
5 « Displacement/compensating/degradation on structure and foundation ground happened, loss of function
1 * Noo damage on liner
2 -
Liner 3 « Liner is exposed but no damage.
4 » Damage on liner
5 * Damage on liner, mine tailing is exposed or seepage of leachate
1 * No damage of covering soil layer, normal function
] 2 * Damage of covering soil layer because of local scouring, irregular erosion
Co:sirllng 3 * Narrow and shallow groove on surface (streamlet erosion)
4 | « High possibility of exposure of tailing due to deep groove caused by continuous streamlet erosion (gully erosion)
5 » Exposure of liner or tailing due to loss of covering soil layer
1 * Nice condition (no destructor sign)
2 * Local unevenness or exposure of slope protection
Slope 3 « Destruction sign on slope such as crack of 413 which has bad extensity
4 |« Ground transformation such as tension crack, inflation, sink and relaxation. transformation under structure of slope
5 * Occurred to slop failure
1 * No exposure of tailing
2 -
Tailing 3 -
4 » Exposure of tailing
5 * Flowing or scattering of exposed tailing into downstream by rain/wind
1 « Excellent condition of safety and drainage
Rain 2 B
protection 3 « Safety issue exist but no effect yet
facility 4 « Simple repair is needed due to reduced drainage function caused by incoming outside soil
5 * No drainage function due to damage and structural reason
1 * No seepage of leachate
2 » Seepage of leachate exist but no contamination sign like yellow boy
Leachate 3 » Seepage of leachate like yellow boy exist, but no seepage yet
4 | « Seepage of leachate exists, but no downstream spread
5  Seepage of leachate, yellow boy exists on downstream
1 * Excellent taking root
2 * Bad growth less than 25% of land
Planting 3 * Bad growth less than 50% of land
4 | «Bad growth less than 75% of land
5 * Bad growth more than 75% of land or no grass
SMANAEIFRYE AR PEER FRAA 5 2 AAEL A9 s BAe A9 A B
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Table 11. Standard of state assessment.
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Grade State Standard of evaluation Score
1 Excellent No change on original condition 4
2 Good Little change on original condition but function is normal 3
3 Okay Change on original condition and potential damage of function 2
4 Bad Change on original condition and damage of function 1
5 Worst Change on original condition and loss of function 0

Table 12. Results of evaluation of field applicability.

Retaining wall General facility
Mine i(t):i;rifltg Reinforcing M‘?Sh Liner Cove'r ing Slope | Tailing pr(}?:(l:?ion Leachate | Planting
wall stone wall | gabions soil facility
‘e | Geumwang - defect - good good good good defect good good
%D Yeosu - defect - - defect good defect defect good good
3‘ Yongseok defect - - good good good good defect good good
o0 Deokgok good - - good good defect good defect good good
§ Eugene - good - - defect - good defect good defect
?n Geopung defect defect - defect defect | defect | defect defect defect good
g Chengyang good - - good good - good defect good good
© Mooguk good - - - - good good defect defect good
- Okgye - defect - good good - good defect good good
%3 Damgol - - - good good good good defect defect good
%D Jiknaegol - - - good good good good defect defect good
© Dongbo - - - defect defect | defect | good defect defect defect
Okdong defect - - good defect good good defect good defect
£ Geumjang - - - good good good good defect good good
$ Jingok - defect - good good - good defect good good
%D Ssangjeon - defect - defect good - good defect defect defect
< Hwacheon defect defect - - defect | defect | defect good defect good
Sejum - - - good good good | defect defect good good
g Daedu - - - good defect | defect good defect defect defect
:5 Youngdae - - - defect defect | good good defect defect good
e Tc’r%oﬂl—r, Yellow-boy & QHHF 3 77 thall iAol mWE RUEE 58S 7EeR a2
S weh o St ool gk RuUEe] sad o 3l sl 2 A84ES Hrkskieh
5 Heien, AEF fredo] AAEAS 7T, = A8 H7F 23, TR Axel Aed F3gE
7 el ek RUHP®E F7lskdth SHE 84, A%, SF 9 st T el skt
AAe 23 f7t 7P S83 A E0lrR A WS 2102 7RO (57.1%), 8/ X A-8E
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Table 13. Defect rate of each evaluation item according to evaluation of field applicability.
Retaining wall General facility
u Concrete . . . Rain
T retaining Reinforcing M?Sh Liner Cove_r ne Slope Tailing | protection | Leachate | Planting
wall stone wall | gabions soil facility
Number of |, 8 - 16 19 15 20 20 20 20
analysis
Number of
defect site 4 7 - 4 8 5 4 19 9 5
Defect rate
(%) 57.1 87.5 - 25.0 42.1 333 20.0 95.0 45.0 25.0
Table 14. State assessment according to the result of evaluation of field applicability.
Retaining wall General facility
: Concrete . . . Rain Total
M
e retaining Reinforcing M(?Sh Liner Cove.r e Slope | Tailing | protection | Leachate | Planting | Score
wall stone wall | gabions soil facility
Geumwang - 3 - 1 1 1 4 1 1 (287‘{342)
‘B .
50
§ Yeosu - 3 - - 5 5 4 1 1 (1 54(5'208)
>
%
Yongseok 5 - - 1 1 1 4 1 2 (273 1/ 392)
Deokgok 1 - - 1 2 1 4 1 1 (274 5/ 302)
%D Eugene - 1 - - 3 1 5 1 2 (2817/25‘;
< 8/36
(o]
| Geopung | 3 4 - 4 4 5 4 5 1 222)
=
S | Chengyang | 2 - - 1 | 1 4 1 1 (2;5/2%
Mooguk 2 - - - - 1 4 4 1 (177(5284)
Okgye - 3 - 1 2 1 5 1 1 (271 5/ 2()2;
= 22/28
g Damgol - - - 1 2 1 4 3 ! (78.6)
&0
= - 20/28
S Jiknaegol - - - 1 2 1 4 4 1 (71.4)
Dongbo ; ; ; 4 4 1 4 5 5 (;/523)
Okdong 3 - - 1 2 2 4 3 D) (2624382)
Geumjang - - - 1 1 1 4 1 1 (2859/238)
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Fig. 3. Result of the state Assessment at the tailing dam.
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