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Impact of Tunnel Excavation Muck dumped along the canyon
on Streamwater Chemistry
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Fig.1. (a)Location and (b) topography for study catchments, showing the tunnel excavation muck dumping
sites (U Okuchichibu tunnel and @ Karisaka tunnel) and streamwater sampling points (A~E).
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Inter-annual variation of the mean annual pH in (a) Three natural streams, (b) Wasabi Creek and (c)
Toubaku Creek. The error bars indicate standard deviation and * and ** indicate 95% and 99%
significance levels respectively. AC, AE and CE indicate statistical differences between Upper and
Lower Wasabi Creeks, Upper and Lower Toubaku Creeks, and Upper Toubaku and Bakemono Creeks,
respectively. D and @ indicate timings of Okuchichibu and Karisaka Tunnel excavation muck dumping,
respectively. The mean and standard deviation from 1987 to 1997 shown here were calculated from the
Supplement Table 1 in Chapter 18 (pp.111-130), The Tokyo University Forests (1998).
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Inter-annual variation of the mean annual electric conductivity (EC) in (a) Three natural streams, (b)
Wasabi Creek and (c) Toubaku Creek. The error bars indicate standard deviation and * and ** indicate
95% and 99% significance levels respectively. AC, AE and CE indicate the statistical difference between
Upper and Lower Wasabi Creeks, Upper and Lower Toubaku Creeks, and Upper Toubaku and Bakemono
Creeks, respectively. O and @ indicate timings of Okuchichibu and Karisaka Tunnel excavation muck
dumping, respectively. The mean and standard deviation from 1991 to 1997 shown here were calculated
from the Supplement Table 1 in Chapter 18 (pp.111-130), The Tokyo University Forests (1998).
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Inter-annual variation of the mean annual SO42- concentration in (a) Three natural streams, (b) Wasabi
Creek and (c¢) Toubaku Creek. The error bars indicate standard deviation and * and ** indicate 95% and
99% significance levels respectively. AC, AE and CE indicate the statistical difference between Upper
and Lower Wasabi Creeks, Upper and Lower Toubaku Creeks, and Upper Toubaku and Bakemono
Creeks, respectively. @ and @ indicate timings of Okuchichibu and Karisaka Tunnel excavation muck
dumping, respectively. The mean and standard deviation from 1991 to 1997 shown here were calculated
from the Supplement Table 1 in Chapter 18 (pp.111-130), The Tokyo University Forests (1998).
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Fig.5. Inter-annual variation of the mean annual Cl-concentration in (a) Three natural streams, (b) Wasabi
Creek and (c) Toubaku Creek. The error bars indicate standard deviation and * and ** indicate 95% and
99% significance levels respectively. AC, AE and CE indicate the statistical difference between Upper
and Lower Wasabi Creeks, Upper and Lower Toubaku Creeks, and Upper Toubaku and Bakemono
Creeks, respectively. @ and @ indicate timings of Okuchichibu and Karisaka Tunnel excavation muck
dumping, respectively. The mean and standard deviation from 1991 to 1997 shown here were calculated
from the Supplement Table 1 in Chapter 18 (pp.111-130), The Tokyo University Forests (1998).
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Inter-annual variation of the mean annual NOjs-concentration in (a) Three natural streams, (b) Wasabi
Creek and (c) Toubaku Creek. The error bars indicate standard deviation and * and ** indicate 95% and
99% significance levels respectively. AC, AE and CE indicate the statistical difference between Upper
and Lower Wasabi Creeks, Upper and Lower Toubaku Creeks, and Upper Toubaku and Bakemono
Creeks, respectively. @ and @ indicate timings of Okuchichibu and Karisaka Tunnel excavation muck
dumping, respectively. The mean and standard deviation from 1991 to 1997 shown here were calculated
from the Supplement Table 1 in Chapter 18 (pp.111-130), The Tokyo University Forests (1998).
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and Lower Wasabi Creeks, Upper and Lower Toubaku Creeks, and Upper Toubaku and Bakemono
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Inter-annual variation of the mean annual MgZ" concentration in (a) Three natural streams, (b) Wasabi
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Fig.11. Fig.11 Inter-annual variation of the mean annual Ca2+ concentration in (a) Three natural streams, (b)
Wasabi Creek and (c) Toubaku Creek. The error bars indicate standard deviation and * and ** indicate
95% and 99% significance levels respectively. AC, AE and CE indicate statistical difference between
Upper and Lower Wasabi Creeks, Upper and Lower Toubaku Creeks, and Upper Toubaku and
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excavation muck dumping, respectively. The mean and standard deviation from 1987 to 1997 shown
here were calculated from the Supplement Table 1 in Chapter 18 (pp.111-130), The Tokyo University
Forests (1998).
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Creek and (c) Toubaku Creek. The error bars indicate standard deviation and * and ** indicate 95% and
99% significance levels respectively. AC, AE and CE indicate the statistical difference between Upper
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dumping, respectively. The mean and standard deviation from 1987 to 1997 shown here were calculated
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standard deviation from 1987 to 1997 shown here were calculated from the Supplement Table 1 in
Chapter 18 (pp.111-130), The Tokyo University Forests (1998).
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The Tokyo University Forests (1998).
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Fig.15. Inter-annual variation in the upstream — downstream difference of the annual arithmetic mean SO4+
concentration in Wasabi (a) and Toubaku (b) Creeks. The solid line and dotted line indicate linear
regression lines using data from 1996 to 2009 and from 1997 to 2009, respectively. The mean and
standard deviation from 1996 to 1997 shown here were calculated from the Supplement Table 1 in
Chapter 18 (pp.111-130), The Tokyo University Forests (1998).
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Summary

To show the long-term changes in streamwater quality after dumping tunnel excavation muck
along the canyon, streamwater chemistry monitoring was undertaken at points upstream and
downstream from the site where rock muck had been dumped in Wasabi and Toubaku Creek over
11 years. The concentrations of SO42- below the dumping site were significantly increased which
is consistent with the results found in the previous study that some of the rock muck contained
Greigite. The pH of streamwater below the dumping site was, however, not significantly different
from that above the dumping site, suggesting that SO42- was neutralized by some cations such as
Ca?* which was also significantly increased below the dumping site. Although the difference of
mean annual SO42" concentration between the points upstream and downstream of the dumping
site became smaller, the difference was still significant for 17 years after dumping. It takes about
31 years in the Wasabi creek and from 17 to 20 years in the Toubaku Creek for the SO42-
concentration of streamwater downstream of the rock muck to be returned to the level found
upstream.

Key Words : Streamwater chemistry, tunnel excavation muck, acidification, sulfate ion,
neutralization
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