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Chichibu and Mt. Buko with the Seibu Ikebukuro/Chichibu lines connecting Tokyo 

and Chichibu1). 
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An aerial view of the rock slope of Mt. Buko’s Yellow lines showing the mine  

boundaries 1).
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Geological plan view of Mt. Buko limestone (blue) and greenstones (green) 1) . 

 

Geological cross sections of Mt. Buko lime-stone (blue) and greenstone (green) 1). 
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Distribution of interbedded zone at 1,000mL in the rock mass. 

 

 

Definition of interbedded zone based on drilling record.
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Location of APS and GPS monitoring points on the rock slope of Mt. Buko 8) .. 



18 
 

 

The line of the sight of APS and a view of Mt. Buko from the Total Station 8) . 

 

  

 Slope distances of observation points on 1,200mL 8) .
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Slope distance differences of APS on 1,200mL 8) . 

 

 

Average of slope distance of 1,200mL during one month.
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 A contour map of measured displacement in FY2012.
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GPS antenna and its receiver 8) .

Displacement from GPS-based control station analysis to final slope in-line analysis 

(GPS15) 8) .
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Horizontal displacement vectors obtained by GPS measurements on a plan view of 

the rock slope 8) .

Northward and vertical displacement vectors obtained by GPS measurements on a 

cross sectional view of the rock slope 8) .
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Time series comparison of slope distance differences measured by APS and GPS 8) . 
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Comparison in slope distance displacements between GPS measurements and 

measured and APS measurements 8) .
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Insertion-type borehole inclinometer 8  .
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NS displacement measured by Insertion-type borehole inclinometer (M2007) 8) . 

 

NS displacement measured by Insertion-type borehole inclinometer (M2010-1) 8) . 
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Horizontal displacements measured by GPS90 and Insertion-type borehole 

inclinometer (M2010-1, 28 m in depth) 8) . 
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A contour map of measured displacement in FY2007 and location of the observation 

drift (plan).

Location of the observation drift (section).  
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Close-up of No.5 fracture (with crack gage). 
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Annual displacements of No.1, 3 and 5 fractures and ratio of displacement of No. 5 

fracture to total displacement. 
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(a) FY2011. 

 

 (b) FY2013. 

 Daily displacement rate of No.5 fracture with rainfall. 
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Relationships between displacement obtained from horizontal (northward) 

displacement of GPS90 and No.5 fracture (red) , and displacement obtained from APS7 and No.5 

fracture (black) in percent. 

Summary of displacement measurement using crack gage and APS in 2015 and 

2016.  
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Record of annual and monthly rainfall of Mt. Buko area. 
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1990 330 mL

1)
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2011

 

 

Schematic drawing of groundwater in the rock mass(N-S section). 
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2,3,4,5,6,7,8 

 

 

 

Results of permeability test on limestone and greenstones.

 
 

(m) 
 

( ) 
 

(Lu) 
 

(cm/sec) 

 78.7 12 24.5 4.12×10-4 

A 85.0 15 0.354 4.18×10-6 

B 15.0 3 1.98 2.62×10-5 

 

- -  

2

 

  

KPD-PA 20 mm 1

UN88

M2010-2 M2010-3 UN111 1,000 mL

1 0.5 

mm   
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Location of the groundwater monitoring points (plan view) .

Location of the groundwater monitoring points (section). 

 

Summary of the groundwater monitoring points. 
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Results of fluctuation of groundwater level (UN88).
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Results of fluctuation of groundwater level (M201-2, M2010-3). 
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Long term fluctuation of groundwater level (M2010-2, M2010-3, UN111). 
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(a) June,2012 (Total 167.0mm Max 49.0mm/h) 

 

 

(b) September, 2013 (Total 191.0mm Max 22.5mm/h) 

 

 

(c) October, 2013 (Total 192.5mm Max 29.0mm/h) 

Relations between groundwater level and intensity of rainfall. 
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(a) Change of rate of fluctuation of groundwater level with time.

 

(b) Relations between rate of fluctuation and groundwater level. 

 The result of measurements of groundwater (M2010-2). 

 
(a) Change of rate of fluctuation of groundwater level with time.

 

(b) Relations between rate of fluctuation and groundwater level. 

The result of measurements of groundwater (UN111). 
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Pre-mining topography of Mt. Buko.
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Influence of geologic structure on rising groundwater level. 
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(a) June, 2012 

 

(b) September, 2013 

 

(c) October, 2013 

Relations ship between rate of crack gage displacement and groundwater level during 

rainfall. 
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(a) Relationships between rate of crack gage displacement and groundwater level on rising occasion

 

(b) Relationships between rate of crack gage displacement and groundwater level on falling occasion 

Relationships between rate of crack gage displacement and groundwater level 

(M2010-2).
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 (b)

997 mL 0.02 mm/h

3 2013 9

0.165 mm/h 133.1 m/mm/h

2013 10 0.106 mm/h 172.9 m/mm/h  (b)
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 UN111  ( ) 
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UN111   (a) M2010-2
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950 mL
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 2014
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 ( ) 



55 
 

 

UN111 940 mL

 

 
Relationships between rate of crack gage displacement and groundwater level 

(UN111). 

Rise in groundwater level during rainfall on the part of the rock slope of Une Mine. 
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  3 , M2010-2

 

M2010-2

M2010-2 1,005 mL

 

  (a) 

M2010-2 UN111
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11,12,13,14) 

11 14)

15)

 



57 
 

 

Sensitivity curve of groundwater level (M2010-2) on rate of crack gage 

displacement. 
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(M2010-2, UN111)

, , 

,  

 , 

 

, , 

 ,  ,   

 

Location of monitoring points and retaining rock pilings.
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Cross section view of monitoring points and the countermeasures.

Plan view enlarged of the monitoring points and countermeasures.
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 Summary of the countermeasures conducted by Une Mine since 2012. 
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1) 2007 , 

, 

, 2008 2009

, 

, 3 5¯ , 

, 80 m 120 m , 1,010 mL

, 

, 

, 1,050 m , 

, 

, , 
3 ,4 ), 

, 

, 

, , 

, , 

 

, , 

, , 

3 , M2010-2

UN111 , , M2010-2

1,005 mL , UN111 940 mL , 

, 

, 

, 

, , W4

, W4 , 

W4 1 m 8

, 930 mL

5) , 2012 M2010-2 UN111

930 mL

, 

, 

 930 mL ,  930 mL
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 930 mL , 

 

 930 mL  

, (M2010-2, UN111)

, 

, 

, 

930 mL , 160 mm

2012 21 , 1,429 m  

, , 

 

 930 mL  

, 2015 2 3 930 mL

No. 6 2  

, 68 mm, 60 70 1

5 t / day , 50 t / day

, , 

, 

 

 

- -  

, 

, 6 9)

, , 

,

, , 

, , , 1,050 mL
6,7,8,9) 

M2010-2 (mm/day) , 

, 

, M2010-2 , 

, 1,050 mL , No. 10 2014

8 2015 11 No.6 , No. 

10 , M2010-2 35 m,  No. 6 , M2010-2 55 m

, 660 mm   , 

3 m
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,  

,  1,050 mL

, , 

No. 10 , 997 mL , 

M2010-2 ,  No .10 M2010-2

,  

, , 

, No. 10  

, , 

,  

 

 Summary of pumping-up measures in wells. 

 

 

 

 
Geological cross section and estimated groundwater level before pumping along the 

pumping-up wells and M2010-2 for monitoring groundwater.
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Amount of pumped-up groundwater and record of rainfalls since 2014. 
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Location of paving works for mine roads on the final slope. 
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 Picture of a deep steel piling after completion of cementing. 

 

 Specification of deep steel piling. 

SKK490 600mm

14mm

1,010mL 16mm 1,050mL

H 300 300 10 15 

D25 40

 = 1: 3
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, 3
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, 
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, , ,  
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(a) Overall view of retaining rock piling (height of 920 to 990 mL).   

 
(b) Haulage of limestone from mining area for construction work. 

 
(c) The area of cement reinforcing on the front side of rock piling. 

Pictures of a construction site of retaining rock piling. 
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Construction plan of retaining rock piling against estimated shear zone at the lower 

part of the rock slope. 
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 UN111 UN111 , 
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Long term fluctuation of groundwater level (M2010-2, UN111). 

0

40

80

120

160

200

240

280

320

360

400

440

480

520

560

600

870

880

890

900

910

920

930

940

950

960

970

980

990

1000

1010

1020

2011/10 2012/10 2013/10 2014/10 2015/10 2016/10

(m
m

/d
ay

)

SL

M2010π2(1,050mL)

UN111(1,000mL)

No.10 No.6



73 
 

Decline of groundwater level (M2010-2) after pumping. 

Comparison of groundwater levels of UN111 and M2010-2. 
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 Effects of pumping work on groundwater level (M2010-2) and rate of crack gage 

displacements. 
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1,600 mm , , 

1,304 mL

, 12 2

, , 

 

, 2012 0.02 mm / mm of rainfall

, , 0.0035 mm / mm of rainfall 

, 

 

 

Changes in 365 days rainfall, average rate of crack gage displacement for 365 days, 

and those ratio of rate/rainfall. 
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Annual trends of maximum rate of crack gage displacements during heavy rainfalls in 

2011-2015. 
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Comparison of groundwater level and rate of crack gage displacement after starting 

pumping work.
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, d (-), e (m)  2013 , 
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, 2007 , 2  
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2007 2  (3) , 

y  (b) 2
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Results of simulated and actual groundwater level during heavy rains in 2012-2015. 
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(a)Record of actual rainfall on September 2007 and simulated groundwater level of M2010-2 on this 

period. 

 

(b)  Simulated groundwater level, assuming doubled amount of rainfall of September 2007. 

 Results of simulation of groundwater level. 
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Decrease of annual displacements of crack gage due to the effects of permeation-

preventive measures.   
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(EC) (Ca2+)
4) X (X-ray Fluorescence 

Analysis, XRF) X (X-ray Diffraction Analysis XRD)

Ca2+ calcite

(  ,  )

(Mg2+) (Na+) (Si) quartz albite

chlorite

( )  

 

 

 

 

 



84 
 

 Results of XRF analysis. 

 

 

 Results of XRD analysis. 

 

 

- -  

   

  

8

- L-1 1,090 mL

L-4 S-1 S-2 1,010 mL A-7 L-9 930 mL

L-10 860 mL

L-3 1,050 mL  

L S

A “L-“ ”S-“ ”A-“  

pH EC(mS/m) ( )

0.45 ɛm

2014 12 2016 11 11

L-1 L-3 L-4 S-1



85 
 

2015 7 A-7  

 

Location of sampling points and drainage drilling (Plan view).

Location of sampling points and drainage drilling (Section view).

 

Information of drainage drilling. 

 

( ) (m)
Ⱳכꜞfi◓⅜ ∆╢

L-1 5 45
L-3 3 100
L-4 35 120
L-9 5 50
L-10 30 114
A-7 60 90
S-1 5 5
S-2 10 5



86 
 

- -  

(Ca2+ Mg2+ Na+ K+ Cl-
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- NO3

- SO4
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- 0.01mol/L
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2 3 3)

2

 EC pH 2

L S

A

  

 L S A
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pH 8.0 8.2

  

 (d) EC EC (L )

(A ) (S )

EC

 

(L )

(S ) (A ) L

S A

S A

L 1)



88 
 

 

Changes of (a) EC, (b) pH, (c) temperature and (d) flow rate of groundwater, and (e) 

rainfall for 2 days before sampling, and (f) daily rainfall . 
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- -  

 ICP-AES Al Fe

, Si L S

Si (XRF,  )  

  

Type-

Type- Type- Type-

Ca2+ HCO3-

(1)

calcite calcite

Ca2+ HCO3- 5)  

 

 

(a) Flow rate (July, 2015) (b) Flow rate (October, 2015) 

 

   

(c)  pH                                        (d) EC 

Geological cross section and spatial distributions of flow rate, pH, and EC. 
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CaCO3 + CO2(g)  + H2O  Ca2+ + 2HCO3- (1) 

 

 Mg2+ Na+ Si

 Ca2+ Mg2+ Na+ Si L Ca

S Mg2+ Na+ Si Ca2+

Mg2+ Na+ Si  

 

  Average values of water quality. 

 

 Piper plot using average concentrations. 

 

Na Mg K Ca Cl SO4 NO3 Fe Al Si
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

L-1 0.722 0.453 0.146 41.2 0.803 4.09 0.752 0.001 0.001 2.05
L-3 0.904 0.617 0.256 40.5 1.77 6.48 0.894 0.006 0.001 2.87
L-4 1.72 2.80 0.201 21.8 1.17 3.98 4.93 0.006 0.001 2.46
L-9 1.73 1.06 0.300 43.4 1.26 14.2 1.46 0.006 0.001 2.76
L-10 2.10 1.69 0.236 49.1 1.13 16.0 2.70 0.005 0.001 3.48
A-7 2.74 3.77 0.340 30.8 0.981 8.09 1.93 0.008 0.001 6.19
S-1 1.72 2.80 0.201 21.8 1.17 3.98 4.93 0.006 0.001 6.37
S-2 1.84 2.72 0.202 21.0 1.22 4.07 5.06 0.005 0.001 6.49
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 Ca2+ Mg2+ Na+ Si  

 

(L ) Ca2+ 33.1 58.1 

mg/L (S ) (A )

S A Mg2+ Na+ Si L

A Mg2+ Na+

 

Ca2+ 2015

7 Ca2+ Mg2+ Na+ Si

 

L S A

S A L

 



92 
 

 
Changes in concentrations of dissolved constituents (a) Ca2+, (b) Mg2+, (c) Na+, and (d) 

Si 
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(a) Ca2+              (b) Mg2+  

 

  (c) Na+ (d) Si 

Geological cross section and spatial distributions of Ca2+, Mg2+, Na+, and Si 

concentrations. 

 

-  

1,050 mL No.10 

2014 8 No.10  (a)

  

No.10 80 m 973 mL 

978 mL 975 mL 

No.10  

 (a)  (t/day) Mg2+ Na+ Si

(min) (L/min)



94 
 

- - L A S

No.10 

 

 No.10 

, 

 

L-1 A-7

S-2 No.10

No.10 C (mg/L) L-1

S-2 A-7 CL1 (mg/L) CS2(mg/L) CA7 (mg/L) L-

1 S-2 A-7 QL1 (t/day) QS2  (t/day), QA7 (t/day)

 

ὅ S2 S2 A7

S2 A7
    (2) 

QT (t/day)  

ὗT ὗ ὗS2 ὗA7    (3) 

QL1 (1)  

ὅ S2 A7 S2  A7

T
    (4) 

QA7  

ὗA7
T T S2 S2     (5) 

3

QA7 QS2=0

 

 (b), (c), (d)  (a) Si Mg2+

Na+

Mg2+ Na+ Si 3 No.10

No.10 (5)  

ὗA7     (6) 

Mg2+ Na+ Si QA7
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 (b) 3 Mg2+ Na+

Si

No.10 L-1 A-7

 

3 Mg2+ Na+ Si ὗA7

 (c) 2015 7

 

 

 

Geological east-west section and estimated groundwater level before pumping along 

the pumping-up wells.
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(a) Amount of pumped-up groundwater and concentrations of Mg, Na and Si, 

 (b) QA7 of Mg, Na and Si, (c) Amount of pumped-up groundwater considering mixing ratio. 

Data on No.10 water pumping.

 

-  

 

pH EC

(L ) (S ) (A )

L S A
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