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b ¥ R OVIREI R 2 O RN O 3T CHNRIAR B RS 61

. WERGE

W b > ROV OREIFE T V. CX B OB FRICAET 2 BRIIO 73 IR (A FiRmg
95.5ha), b NZiRE (C:95.5ha), /N7 /R (E:4l.l1ha), JEIFE 3O 7 CXEOE T
WZALEST 27 H EIRT (B: 145.2ha), M7 /3Z7RF (D: 125.0ha) OFF S5 HSE TOETAKDH
YT TR To e A~EHEOMEIRE - 1) ISRTEBY THbH, NrE/RITTHE
IROFRHIFE 3D 37 T O EFE T CIRICATR T 5o FREUHR X 1999 ~ 2009 4£0> 11 4E[H
T, HEEEIX, 199941 HA5 2003 47 HETIdH 20, 200348 HASIdH 1 HTH S, #
I L 723 URHI RS B AR AT IR B )5 THBURTE L, TR SE S E R (B Rk
WFZEAT) 128t L, 0.2um 7 4 V¥ — TAHMB, BEOMELZIT- 72,

BEOWEEHBE L, ERKOBELOFHE, BRELORER, BEKOPH, £+ 37 X,
HOOEALSE T 5 -0 OIRE L R 2 WE A 4+ » £ L, pH, EC, SO4%, CI, NOs,
Na, K, Mg, Ca, 7N YE, SiO-Sid 11 HHH & L7z WEHZEE, pH (77 AEME
HORIBA D-21), EC (EC # —#% —, HORIBA B-173), SO4%, CI, NOy (f*+ > Zu=<}
77 7%, E# HIC-6A), Na, K, Mg, Ca (ETWOGGER:, Hi 180-80), 7uHh Vi (B
PRI L BT, SiO2-Si (B 7TV EY, BEUV-1240) Th b, F72ARKWERTHE
L72Na, K, Mg, Calt, WINIKEWRPTEENBEEL TWLEARL, IFCIRETR
JEERETHE L2 TeROREY, TONEOBRGA T ViRELARTIE LT 5,

V. #R

- 25— 1212, AR THMENRE L22BES0EEM % pH, EC, SO4%,
Na®, K, Mg2", Ca?", CI, NOs, 77 SiO-Si DIETHRT . £HEZFNZEN (a) H
5@ D32OHNH%Y, (a) IZIXIHHIFRIEO L TOEED LRI DOHKMNI, T4bb
THEIRE (A), boNZIRE (C) BXUNTE/R (B) OEE%, (b) 127V EIRE (A)
ET B) OgEL, (©IIZIE My NZIRE (C) & F (D) OBREYRT . REOERFEL X
DI RIEDED tBE 24T - 7oA B & R T o &ID 1987 ~ 1997 4EOF-Hfii B L O R 7
(&, EBURSF IR E B (1998) 05 18 # [ AH L B o Bl AT Lt/ N 1 o K E
AR 58] (pp.111-130) OfFZR 1 XV EHE L7ze 1997 SE13H » TOVEA 3l L 7k 2o 72
72, MEIRL TV ARV,

K-2&0, pHigets, SflzECT6T~T79DMICA-TEY, WIFhoME T
LD SL TINS5 VI T A EIZA SN2\ () 25, EHZTJITH T 2000 ~ 2006 4
WCEERENHY, NrEJIROpHMEL o Twb, —J, TEFRTHO . ToOFEEITITE
A EBIE N h o T,

-3 X0, ECIZHANIITA3 ~63uS,cm O#PFTHRZLTEY, HARMIIMTOEI
—MOEE BN T h o7z, —F, MEFKRIIDT TOREIX, TH IR, by NZRE S BHE
IZFEN, THERTOECIZHA 14508 /cm (2000 4F), b /37 iR F o EC 13k 101uS
cm (1996 4F) 1ZHIIN L7 LT OAFEZZIIHED T TR 17 4858 L 72 2009 48 F CTHE
LTz,

M-4 X0, SO2 EEFEATIITIETHEIR, N7 E/RT 85 ~ 130umol L1, ko

FRUR S e T H MRt 126, 59-80 (2011)



62

K-2

Fig.2.

T EILS

T AN O T O O N~ DO
O O O O O O O © O «—
o O O O O O O O
N N AN AN AN AN AN AN AN N
--0--A(7HERL) —A—C(k9/\JRE) —O0—EUNTE/R)
(b) * *% *
8.5 -
® @
- -«
8,
758 3 " a
t \\
T 1 ¢ NS
o 7 -
6.5 -
6 T T T T
N O O O «— AN MO T OV © N OO O «— N M T UV © N 0 O O
W O O O DD DYDY O O O OO O O O O O
O OO 0000 00 0 0 0 00 O O 0O OO0 O O O O O O
rrrrrrrrrrrrr [V S A S VNS VAN S VY S VY S VA U U SV oY)
--0-—-A(THERL) —0—B(THEIRT)
(C) *% *k *
8.5 4 )
8,
4
75 4 , T A;
T AN 1 X
o <
7,
6.5 4
6 ; . :
N O OO «— N MO T UV © N 0O O «— N M T UV © N~ 0 O O
W O OV O DD DD DO OO OO O O O O O
2222222222228 KI&KRK
—A—C(FIURE) - & - D(FINTRT)

(@ 32ooHKMI, (b) THERET, (¢) MINZRETOEFY pH OB, T —/N— (LiZik
W7, * 1A EE 5%, ** ITHAEEI% OBMETHEHDOENH L LernT, ACIZTHEREL b
N7 R, AEETHEIREENTE IR, CEEMNINZIREENTEVROZEORETHL Z L
ERT o ODIZZNZNEBE b > A, W b > AV OIREIFE IO 7 TR 2 7R3, 1987 ~ 1997
FOFIgMHE & OBEREL, RO R EEE M (1998) 04 18 # (pp.111-130) Hff# 1
LDFE L7

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. @ 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. 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 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. (D 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 NO3-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. 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 alkalinity 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. D and 2 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.8. Inter-annual variation of the mean annual Na™ 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. O 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 K* 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. (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 Mg2* 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 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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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
Bakemono Creeks, respectively. O and 2 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).

FRUREF e I Moy, 126, 59-80 (2011)



72

M-12

Fig.12.

At FEILS

(a) AC %k ok Rk ok kok Kk Rk Rk sk Kk kk kK Kk Rk Kk Kk *k  kk
AE ok kk kk okok ok okok skk okk kk kk kk Xk
CE ok kk kk kk ok kok ckk kk ckk kk kk kk kk ok kok
9,

— 81

-

o7

e

3°%0¢

— 4

@ 3]

N

Q 24

0 1
0 T — T T —
N O O O «—“ N MO S 10D O 0 D O = AN M F 1B © NN 0O D O
W O O DD DNDO OO0 O O O O O O O
O 0000000000000 000 0 0 0 0O 0O 0 O O o O
rrrrrrrrrrrrr NN AN ANAA AN

(b) --0--A(THERL) —A—C(;2/\JRE) —O—EWU\TE/IR)

* *k ok *k *k

9
A=

— 7

MY

= 6

o -

€ 5¢

2 4

B 3

N o

92

n 1-
o- —/—rm—m—r—T—TT—TT— T T T T T
N OO «— N M T 1D O 0O O O «— N M T OV O© K~ 0 O O
W O O D D D 0O O OO O 0O 0O 0O O O O O O «
D 0 OO0 OO0 0000 OO0 0O 00 0 0 O O O O O O O O O
FFFFFFFFFFFFF NN NNV

--0--A(FHERE) —0—B(T7HERT)

(c) "
9,
8 - )

— «—>

L7

g 2]

ERl

= 4A

@

& 3

Q 21

U),]i
0 . . . — .
N © O O «—“ N O S 1D O 0O D O = N MO F IV © N 0O D O
W O WD DD DD O OO0 O OO0 O O O
DO 0O 0000000 000 0000 OO0 O 0 0O O O O O O O
rrrrrrrrrrrrr N A AUV QN

—N—C(FINTRE) - & - D(FINTRTF)

(@) 3o %KMW, (b) 7HERET, (o) F7/N7RETOEFY SiOr-SigEOES), LT —
IN— IR, F I3 AR 95%, A EAE 99% OME TTFHOENH LT L ERT, ACIEY
FEREE b 7iRE, AEZT7HEREENTE R, CEEMNYNZREENTEROZEOK
ETHAH T EHRRT, QOITZNFNHEILL b 2, B b >~ 2OV OIREIER LD 37 TR % 7R3,
1987 ~ 1997 4E DI 5 & ORI, BEURS B8 I A (1998) % 18 % (pp.111-130)
DfFFE 1 L YEE L7,

Inter-annual variation of the mean annual SiO;-Si 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. (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 anion (SO42-, Cl, NO3-, alkalinity) concentration and the
mean cation (Na*, K*, Mg2*, Ca2*") concentration balance at (a) Upper Wasabi Creek, (b) Lower
Wasabi Creek, (c) Upper Toubaku Creek, (d) Lower Toubaku Creek and (e) Bakemono Creek. The *
and **indicate years with cation data only, and years with no data, respectively. @ 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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Temporal variation in the upstream — downstream difference of the annual arithmetic mean alkalinity,
S04%, Ca?* and Na™ concentration in Wasabi (a) and Toubaku (b) Creeks. The * and **indicate years
with cation data only and years with no data 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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Fig.15.

Inter-annual variation in the upstream — downstream difference of the annual arithmetic mean SO42-

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
CaZ" 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



