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Fig.6 The three-dimensional grid block system 
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Fig.7 Comparison of simulated and measured time evolution 

of surface water, groundwater drainage and groundwater level
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Fig.8 Reproduced spatial distribution of Fe2+ concentration

 
Fig.9 Comparison of simulated and measured pH, DO

 
4.

 
4.1.  

Table 3

 
 
4.2.  

Table 3

45%

Table 3 Prediction result of water budget change after soil 
covering 

26,148 10,971
16,693 16,258

0 0
20,140 14,660
22,700 12,569

44.6%

 
4. 

45%

References

1) K. Mori, et al.: Environmental Modelling & Software, 72,
pp.126-146 (2015)

2) D. L. Parkhurst and C. A. J. Appelo: U. S. Geological 
Survey (2013)

3) :
(2002)

4) Singer P. C. and Stumm W.: Science, 167, pp.1121-1123
(1970)

5) M. A. Williamson and J. D. Rimstidt: Geochimica et 
Cosmochimica Acta, 58(24), pp.5443-5454 (1994)

6) L. M. Plummer, et al.: American Journal of Science, 278,
pp.179-216 (1978)

Treatment of acid mine drainage and activity of its environmental conservation at Ashio

Yoshihiro YAMAZAKI, Junta KURAMI, Takashi NUMAO

FURUKAWA CO.,LTD.

Abstract
1877

pH 8.5 9
pH7 7.5

700

Key words: 

1610
1877

1884

( ) 1896
1897

104 4
( )

1954

1956

1.2019 6 20 138
2. 
*y-yamazaki@furukawakk.co.jp

31 4 17

( DOWA)
( JX )

1973

1988

2002 11

2013

Fig1.1 Outside shot of Ashio Mine



85Vol. 66, No. 2（2019）

特 別

講 演

 
Fig.8 Reproduced spatial distribution of Fe2+ concentration

 
Fig.9 Comparison of simulated and measured pH, DO

 
4.

 
4.1.  

Table 3

 
 
4.2.  

Table 3

45%

Table 3 Prediction result of water budget change after soil 
covering 

26,148 10,971
16,693 16,258

0 0
20,140 14,660
22,700 12,569

44.6%

 
4. 

45%

References

1) K. Mori, et al.: Environmental Modelling & Software, 72,
pp.126-146 (2015)

2) D. L. Parkhurst and C. A. J. Appelo: U. S. Geological 
Survey (2013)

3) :
(2002)

4) Singer P. C. and Stumm W.: Science, 167, pp.1121-1123
(1970)

5) M. A. Williamson and J. D. Rimstidt: Geochimica et 
Cosmochimica Acta, 58(24), pp.5443-5454 (1994)

6) L. M. Plummer, et al.: American Journal of Science, 278,
pp.179-216 (1978)

Treatment of acid mine drainage and activity of its environmental conservation at Ashio

Yoshihiro YAMAZAKI, Junta KURAMI, Takashi NUMAO

FURUKAWA CO.,LTD.

Abstract
1877

pH 8.5 9
pH7 7.5

700

Key words: 

1610
1877

1884

( ) 1896
1897

104 4
( )

1954

1956

1.2019 6 20 138
2. 
*y-yamazaki@furukawakk.co.jp

31 4 17

( DOWA)
( JX )

1973

1988

2002 11

2013

Fig1.1 Outside shot of Ashio Mine

環境資源工学 66 : 85–90 (2019)



86 環境資源工学

2. 

2.1 
13

7

7.8 km 11 km

2.2 
24 365 3

14,358 
[m3] 7,254 [m3] 13
[m3/min] pH 3.3 Cu 7
[mg/L]

(CaO, )

1,000 [ton] 140 [ton]
( ) ( )

(Ca(OH)2, )
pH 8.5 9.0

8 ( 1 )

pH
8.5 9.0 pH 7.0 7.5

pH

6
28

m3 2,577 m 217 m

Fig. 2.3 Nakasai treatment plant

Fig. 2.2 Flow of Ashio mine drainage

Table 2.1 Nakasai treatment plant annual average flow 
and Cu average concentration.

year
average
annual
flow

Cu average 
concentration

influent effluent

A.D. H [m3/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 11.7 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

500 m

7.8km

11km

Fig. 2.1 Ashio mine layout

2. 

2.1 
13

7

7.8 km 11 km

2.2 
24 365 3

14,358 
[m3] 7,254 [m3] 13
[m3/min] pH 3.3 Cu 7
[mg/L]

(CaO, )

1,000 [ton] 140 [ton]
( ) ( )

(Ca(OH)2, )
pH 8.5 9.0

8 ( 1 )

pH
8.5 9.0 pH 7.0 7.5

pH

6
28

m3 2,577 m 217 m

Fig. 2.3 Nakasai treatment plant

Fig. 2.2 Flow of Ashio mine drainage

Table 2.1 Nakasai treatment plant annual average flow 
and Cu average concentration.

year
average
annual
flow

Cu average 
concentration

influent effluent

A.D. H [m3/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 11.7 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

500 m

7.8km

11km

Fig. 2.1 Ashio mine layout

2.3 

1960
1961

692 m3

520 m3

365

0

100,000

200,000

300,000

400,000

500,000

5,100,000

5,150,000

5,200,000

5,250,000

5,300,000

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
year

annural amount of sending neutraized sluge
amount of tailing and wastes in March [m3]

[m3/year]

[m
3 ]

[m
3/year]

Fig. 2.5 Sunokobashi tailing dam, amount of neutralized sludge.

Fig. 2.4 Nakasai treatment plant flow

Table 2.2 metallic concentration of Nakasai treatment plant (2008 2017)
pH Cu Pb Zn Cd As
[-] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L]

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

0

100,000

200,000

300,000

400,000

500,000

5,100,000

5,150,000

5,200,000

5,250,000

5,300,000

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
year

annural amount of sending neutraized sluge
amount of tailing and wastes in March [m3]

[m3/year]

[m
3 ]

[m
3/

]r
ae

y

Fig. 2.5 Sunokobashi tailing dam, amount of neutralized sludge.



87Vol. 66, No. 2（2019）

2. 

2.1 
13

7

7.8 km 11 km

2.2 
24 365 3

14,358 
[m3] 7,254 [m3] 13
[m3/min] pH 3.3 Cu 7
[mg/L]

(CaO, )

1,000 [ton] 140 [ton]
( ) ( )

(Ca(OH)2, )
pH 8.5 9.0

8 ( 1 )

pH
8.5 9.0 pH 7.0 7.5

pH

6
28

m3 2,577 m 217 m

Fig. 2.3 Nakasai treatment plant

Fig. 2.2 Flow of Ashio mine drainage

Table 2.1 Nakasai treatment plant annual average flow 
and Cu average concentration.

year
average
annual
flow

Cu average 
concentration

influent effluent

A.D. H [m3/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 11.7 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

500 m

7.8km

11km

Fig. 2.1 Ashio mine layout

2. 

2.1 
13

7

7.8 km 11 km

2.2 
24 365 3

14,358 
[m3] 7,254 [m3] 13
[m3/min] pH 3.3 Cu 7
[mg/L]

(CaO, )

1,000 [ton] 140 [ton]
( ) ( )

(Ca(OH)2, )
pH 8.5 9.0

8 ( 1 )

pH
8.5 9.0 pH 7.0 7.5

pH

6
28

m3 2,577 m 217 m

Fig. 2.3 Nakasai treatment plant

Fig. 2.2 Flow of Ashio mine drainage

Table 2.1 Nakasai treatment plant annual average flow 
and Cu average concentration.

year
average
annual
flow

Cu average 
concentration

influent effluent

A.D. H [m3/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 11.7 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

500 m

7.8km

11km

Fig. 2.1 Ashio mine layout

2.3 

1960
1961

692 m3

520 m3

365

0

100,000

200,000

300,000

400,000

500,000

5,100,000

5,150,000

5,200,000

5,250,000

5,300,000

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
year

annural amount of sending neutraized sluge
amount of tailing and wastes in March [m3]

[m3/year]

[m
3 ]

[m
3/year]

Fig. 2.5 Sunokobashi tailing dam, amount of neutralized sludge.

Fig. 2.4 Nakasai treatment plant flow

Table 2.2 metallic concentration of Nakasai treatment plant (2008 2017)
pH Cu Pb Zn Cd As
[-] [mg/L] [mg/L] [mg/L] [mg/L] [mg/L]

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

0

100,000

200,000

300,000

400,000

500,000

5,100,000

5,150,000

5,200,000

5,250,000

5,300,000

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
year

annural amount of sending neutraized sluge
amount of tailing and wastes in March [m3]

[m3/year]

[m
3 ]

[m
3/

]r
ae

y

Fig. 2.5 Sunokobashi tailing dam, amount of neutralized sludge.



88 環境資源工学

3. 

2010
2018

1

C t C0 t=0
k

Fig.3.1
Table.3.1 

(1) C0 k

Table.3.2 3.3 Cu Zn
Fig.3.2 3.3 Cu 32 Zn
37
Cu, Fe, Zn

PHREEQC
Table.3.4
99.3 2051

500

Fig.3.1 Calculation of metal concentration in acid mine 
drainage

Table.3.1 Reaction of mineral dissolution
Mineral Reaction

Chalcopyrite CuFeS2(s)+4O2 Cu 2++Fe2++2SO4
2-

Sphalerite ZnS(s)+2O2 Zn2++SO4
2-

Pyrite FeS2(s)+7/2O2+H2O Fe2++2SO4
2-+2H+

Table.3.2 Parameter Estimated in the regression Analysis
C0[t] k[t/month]

Chalcopyrite 2.69 103 4.0 10-3

Sphalerite 2.92 103 3.0 10-3

Table.3.3 Results of effluent standard
Cu Zn

Effluent 
standard 0.91ppm 2ppm

Age of conc. 
less than 
effluent 
standard

2051 8 2056 3

Fig.3.2 Estimated change of Cu concentration

Fig.3.3 Estimated change of Zn concentration

Table.3.4 Estimated Lime consumption and sludge generation
2051 8 2056 3

Estimated Lime
consumption[ ] 39,500 37,900

Estimated sludge
generation[m3/month] 5,000 4,670

3. 

2010
2018

1

C t C0 t=0
k

Fig.3.1
Table.3.1 

(1) C0 k

Table.3.2 3.3 Cu Zn
Fig.3.2 3.3 Cu 32 Zn
37
Cu, Fe, Zn

PHREEQC
Table.3.4
99.3 2051

500

Fig.3.1 Calculation of metal concentration in acid mine 
drainage

Table.3.1 Reaction of mineral dissolution
Mineral Reaction

Chalcopyrite CuFeS2(s)+4O2 Cu 2++Fe2++2SO4
2-

Sphalerite ZnS(s)+2O2 Zn2++SO4
2-

Pyrite FeS2(s)+7/2O2+H2O Fe2++2SO4
2-+2H+

Table.3.2 Parameter Estimated in the regression Analysis
C0[t] k[t/month]

Chalcopyrite 2.69 103 4.0 10-3

Sphalerite 2.92 103 3.0 10-3

Table.3.3 Results of effluent standard
Cu Zn

Effluent 
standard 0.91ppm 2ppm

Age of conc. 
less than 
effluent 
standard

2051 8 2056 3

Fig.3.2 Estimated change of Cu concentration

Fig.3.3 Estimated change of Zn concentration

Table.3.4 Estimated Lime consumption and sludge generation
2051 8 2056 3

Estimated Lime
consumption[ ] 39,500 37,900

Estimated sludge
generation[m3/month] 5,000 4,670

4.

2011

Fig.4.1
CuS Zn(OH)2

Fe(OH)3

Table.4.1
Cu

Table4.2
Table.4.3

Cu Fe

Fe

3

Fig.4.1 Flow of recovery of heavy metal in Ashio mine 
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 

gravity[g/mL]
T-Fe NO3

-

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

Table.4.3 Component of Zn(OH)2

Zn Cu Fe
Component rate 9.38% 3.17% 3.89%

5. 

5.1. 
2011 3

3
2012 11 30

2 (
)

2014 2019

4

30cm

5.2.
2018

1 2

100
[ton] 140 [ton] (
30 50mm)

5.3 
2013 12

4,032 1MW
110 kWh

5.4 

700

Fig. 5.1 photovoltaic system



89Vol. 66, No. 2（2019）

3. 

2010
2018

1

C t C0 t=0
k

Fig.3.1
Table.3.1 

(1) C0 k

Table.3.2 3.3 Cu Zn
Fig.3.2 3.3 Cu 32 Zn
37
Cu, Fe, Zn

PHREEQC
Table.3.4
99.3 2051

500

Fig.3.1 Calculation of metal concentration in acid mine 
drainage

Table.3.1 Reaction of mineral dissolution
Mineral Reaction

Chalcopyrite CuFeS2(s)+4O2 Cu 2++Fe2++2SO4
2-

Sphalerite ZnS(s)+2O2 Zn2++SO4
2-

Pyrite FeS2(s)+7/2O2+H2O Fe2++2SO4
2-+2H+

Table.3.2 Parameter Estimated in the regression Analysis
C0[t] k[t/month]

Chalcopyrite 2.69 103 4.0 10-3

Sphalerite 2.92 103 3.0 10-3

Table.3.3 Results of effluent standard
Cu Zn

Effluent 
standard 0.91ppm 2ppm

Age of conc. 
less than 
effluent 
standard

2051 8 2056 3

Fig.3.2 Estimated change of Cu concentration

Fig.3.3 Estimated change of Zn concentration

Table.3.4 Estimated Lime consumption and sludge generation
2051 8 2056 3

Estimated Lime
consumption[ ] 39,500 37,900

Estimated sludge
generation[m3/month] 5,000 4,670

3. 

2010
2018

1

C t C0 t=0
k

Fig.3.1
Table.3.1 

(1) C0 k

Table.3.2 3.3 Cu Zn
Fig.3.2 3.3 Cu 32 Zn
37
Cu, Fe, Zn

PHREEQC
Table.3.4
99.3 2051

500

Fig.3.1 Calculation of metal concentration in acid mine 
drainage

Table.3.1 Reaction of mineral dissolution
Mineral Reaction

Chalcopyrite CuFeS2(s)+4O2 Cu 2++Fe2++2SO4
2-

Sphalerite ZnS(s)+2O2 Zn2++SO4
2-

Pyrite FeS2(s)+7/2O2+H2O Fe2++2SO4
2-+2H+

Table.3.2 Parameter Estimated in the regression Analysis
C0[t] k[t/month]

Chalcopyrite 2.69 103 4.0 10-3

Sphalerite 2.92 103 3.0 10-3

Table.3.3 Results of effluent standard
Cu Zn

Effluent 
standard 0.91ppm 2ppm

Age of conc. 
less than 
effluent 
standard

2051 8 2056 3

Fig.3.2 Estimated change of Cu concentration

Fig.3.3 Estimated change of Zn concentration

Table.3.4 Estimated Lime consumption and sludge generation
2051 8 2056 3

Estimated Lime
consumption[ ] 39,500 37,900

Estimated sludge
generation[m3/month] 5,000 4,670

4.

2011

Fig.4.1
CuS Zn(OH)2

Fe(OH)3

Table.4.1
Cu

Table4.2
Table.4.3

Cu Fe

Fe

3

Fig.4.1 Flow of recovery of heavy metal in Ashio mine 
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 

gravity[g/mL]
T-Fe NO3

-

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

Table.4.3 Component of Zn(OH)2

Zn Cu Fe
Component rate 9.38% 3.17% 3.89%

5. 

5.1. 
2011 3

3
2012 11 30

2 (
)

2014 2019

4

30cm

5.2.
2018

1 2

100
[ton] 140 [ton] (
30 50mm)

5.3 
2013 12

4,032 1MW
110 kWh

5.4 

700

Fig. 5.1 photovoltaic system



90 環境資源工学

6.

References
1. H.Otsuka, S.Murakami, J.Yamatomi, R.Koide, 

C.Tokoro: Journal of MMIJ, 130, pp.488-493(2014)
2. R.Ishihara, J.Kurami, T.Nazuka, L.Wang, T.Fujita:

Zenkokukouzan Seirenjo Genba Tantosha Kaigi 
Kouenshu, pp49-53(2014)

3. R.Ishihara; Kogai Kankyo Johokoukankai(2015)
4. Y.Yamazaki; Kogai Kankyo Johokoukankai(2015)

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

Fig. 5.5 Heritage of Industrial Modernization in Ashio.
(Kakemizu guest house, ruins of smelter)

  

 
Fig. 5.4 visitation and training

(Training for foreign student, discharge sampling with 
the officials, visitation of Arikoshizawa tailing dam)

Fig. 5.3 new lime preparation system in Nakasai 
treatment plant

(Lime silo and dissolution tank, stirred tank)

  

Fig. 5.2 tailing dam stabilization
(Stirrer machine, drill machine, Gengorozawa tailing 

dam, Utsuno tailing dam)


