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Fig.2 Schematic representation of watershed modeling system
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Fig.6 The three-dimensional grid block system
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Table 1 Hydraulic parameters for each hydrogeological unit

BRGRE FHIpR = 2 FiRE BB R
AN AN 1 M TEA
i RS- =0T i (m/s) & i 5 NI R ()
PN LS VW AT A LZHERED 5.0x107 0.3 PR 1.0x10°~7.0x10*
& R Hh i 1.0x10° 0.51 YERRS +
HURRYE |- 3.6x107 0.37 WAL
ticwdl 3.6x107 0.37 L 6.0x107~4.0x10°
1R A i A+ 1.0x10° 0.3 i
Rt 1.0x10° 0.2 i 6.0x107~6.0x10*
EdEER Fpk - oE+ 1.0x10* 0.3 i
LA HER Y - A HIHER 3.0x10° 0.2 il 3.3x10°
B WP O KA 1.0x107 0.1 ess
= Ao NS FEA xSk 1.0x107? 0.2 ess
(W - ea) Pt Gk LA 3.0x107 0.1 e 1.0x107~5.0x10"
R [ H A e - i i 1.0x10° 0.35 YERERL 1 7.0x10°~7.0x10¢
R L | Rk 1.0x107 0.35 RS £
53Rk 6.0x10° 0.005 for
B 1.0x101° 0.001 aiE 2.0x107'1°~5.0x10

Table 2 Initial solution and mineral concentration

WA (mmol/L)
Na* 0.10
K* 0.03
Ca?* 0.04
Mg?* 0.02
Fe2* 0.0
S0~ 0.02
HCO; 0.06
Cl 0.15
pH 6.0
DO 0.72
WIHAGEA L EE (mol/L)
SEERIL (FeS,) 0.6
$+8k8L  (FeOOH) 24
Jifi#4 (CaCO,) 0.005
8 (CasSQ, - 2H,0) 0.005
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Table 3 Prediction result of water budget change after soil
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KIS B B BEAER%
ARGy 2% 26,148 10,971
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Figl.1 Outside shot of Ashio Mine
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Fig. 2.3 Nakasai treatment plant

Table 2.1 Nakasai treatment plant annual average flow

and Cu average concentration.

average Cu average
year annual concentration
flow influent effluent
AD. H [m’/min]  [mg/L] [mg/L]
2008 20 14.6 7.5 <0.1
2009 21 12.0 6.5 <0.1
2010 22 13.9 8.5 <0.1
2011 23 14.6 8.4 <0.1
2012 24 11.8 5.6 <0.1
2013 25 1.7 5.6 <0.1
2014 26 13.7 6.6 <0.1
2015 27 12.7 5.6 <0.1
2016 28 13.0 5.8 <0.1
2017 29 12.6 6.0 <0.1
Ave. 13.1 6.6 <0.1
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Fig. 2.4 Nakasai treatment plant flow

Table 2.2 metallic concentration of Nakasai treatment plant (2008 ~2017)

pH Cu Pb Zn Cd As

[1 | [mgl] | [mgl] | [mgl] | [mgl] | [mgL]
Influent 3.2 6.6 0.03 10.0 0.034 0.03
effluent 7.2 <0.1 <0.01 <0.1 <0.003 <0.01

# annural amount of sending neutraized sluge [m3/year]
—{— amount of tailing and wastes in March [m?]

5,300,000 500,000
5,250,000 400,000
— 300,000 E,
& 5,200,000 &
- 200,000 g
=
5,150,000 100,000
5,100,000 0
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
year
Fig. 2.5 Sunokobashi tailing dam, amount of neutralized sludge.
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Table.3.1 Reaction of mineral dissolution

Mineral Reaction
Chalcopyrite CuFeS(s)+40,—Cu >*+Fe?*+280,*
Sphalerite ZnS(s)+20,—Zn*"+S0,*
Pyrite FeSy(s)+7/20,+H,0—Fe*+280,>+2H"

MAEEHE _
(BEfuARHY) lﬁlﬂ%ﬁ:"?ﬁ

IEABHED t -
I i B FIT T

Fig.3.1 Calculation of metal concentration in acid mine

drainage
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Table.3.2 Parameter Estimated in the regression Analysis

Colt] K[month]
Chalcopyrite | 2.69X%10° 4.0x103
Sphalerite 2.92X10° 3.0x10°?

Table.3.3 Results of effluent standard

Cu Zn
Effluent
standard 0.91ppm Zppm
Age of conc.
less than
effluent 2051 4 8 H 2056 43 H
standard
30
—itHE
25 v EWE
E 20
s
B 15 | p
K »
S 10 [5
5 ~—
091 [ — —
0 200 300 400 500 600
(2010.1) 28AA] (2051.8)

Fig.3.2 Estimated change of Cu concentration
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#EA8] (2056.3)

Fig.3.3 Estimated change of Zn concentration

Table.3.4 Estimated Lime consumption and sludge generation

2051 4£ 8 A 2056 4 3 /1
Estlmate{i Lime 39.500 37.900
consumption[kg]
Estimated sludge
generation[m’/month] 3,000 4,670
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Fig.4.1 Flow of recovery of heavy metal in Ashio mine

PUEEE)S

drainage

Table.4.1 Recovery rate of heavy metal
Cu Fe Zn
Recovery rate [%] 26 91 91

Table.4.2 Concentration of Iron based water treatment agent
made by sludge of Neutralized mine drainage and standard

value of agent

Specific T-Fe NOs~
gravity[g/mL]
Concetration 1.432 7.41% 33.9%
Standard Value 1.30~1.45 =7% 25%~35%
Cu Zn Pb
Concetration 1170ppm 141ppm 101ppm
Standard Value | =600ppm =400ppm =20ppm

Vol. 66, No.2 (2019)

Table.4.3 Component of Zn(OH),
Zn Cu Fe
Component rate | 9.38% 3.17% 3.89%
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Fig. 5.1 photovoltaic system
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Fig. 5.2 tailing dam stabilization

(Stirrer machine, drill machine, Gengorozawa tailing
dam, Utsuno tailing dam)

Fig. 5.3 new lime preparation system in Nakasai
treatment plant

(Lime silo and dissolution tank, stirred tank)

Fig. 5.4 visitation and training

(Training for foreign student, discharge sampling with

the officials, visitation of Arikoshizawa tailing dam)
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Fig. 5.5 Heritage of Industrial Modernization in Ashio.

(Kakemizu guest house, ruins of smelter)

Fig. 5.6 planting the cherry tree by volunteers from
FURUKAWA CO..LTD.
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