HOKKAIDO UNIVERSITY

Title RIFZBILRFRDBRICE 2T A VM b Y RIVBEKDpHER
Author (s) B, 2, A+HE, B8 RE, £% i
Citation IGFAE, 51(5), 220-228
Issue Date 2010-12-10
Doc URL https://hdl. handle.net/2115/52227
Type journal article
File Information JJSEG. 51(5). 220-228. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




220

ISFHHE, ZE51%, 9555, 220-228F, 2010 = jC
Jour. Japan Soc. Eng. Geol., Vol.b1, No.5, pp.220-228, 2010 Cliii

KD T EBLREZDIBEMRICE BT VH ) vk VKD pHIE

HOR s I ECCT - i B OA T e vE R g T

E B

pHIO~11D 7 VA VIEZ S 5 b v 2VEEKICH LT, KO " BILREOERZRET 2 T ik 30 BREZ G 3 72012,
FEWNB L OB cRE MR A N L 72, FENABROEE, b v xR K EZEG TR T 2 RS pHA K R & & 2 E AR b E  BhE
HThHy, S51T, KUKHEMBEZENSE5 LIk TpHAE L DK TE L ZEMBPSPITE -7, TOT &L, Sk TEhmE 21
s, PoXUREMIFEZ2E 42 2 EARKMO ZMBILIRZDAEMBIEEICORA L T EE2RET S, 51T, IBE_MILRFE DB
ELTCpHERBT 2 F VAL, KRR TMILKZOIRREE A2 L 72, T ofE%, “HRILXZOMEMR, K& FHIch 2AE
T LR RIEE S b v 2 VK OIAETE BILRRIEE L OZICBT 3 —IRIKIL TR TZ 2 2 Db o7z, TOEFIVIT K B FEMiRE R
&b v 2 VBUG DML & 2 B O BRED & 13 2 KEE K H» > BRI 2 pHIKEHHE Th 2 LHran b, 61, E b v x vk
KA O BHERER 2 515 5 N 7c pHIREGE B & AR 7 v 2 OISR E DB BLR—H LT &0 s, RERE FVEIFEDIK
MBI TE 3 EEZ 5N 5.

Key words : 7 V71 U+ » 2 u4l7k  alkaline seepage from a tunnel, &<  gas-liquid reaction,

HER{L2E i@ geochemical calculation, —f#{LikFEiAM dissolution of atmospheric carbon dioxide

1. ¥ C & IC

JeigE P RES D S R PR ITALE T B ILHE ~ v X VT,

by ov HEHE T S HTIN KA pHIO~1LIT e 357 v )
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2. ZRRItIRZRDBBEEET IV

SR D AR D iR B 2 T 4 5
e, —fic CEERERATH VSN
3P otk b E, [REHIED
Hed 2 BT £ - TRURANT b iR
WKHHEN O WD FE WEDTEZA &
n, CToOEEEEL CRAEDSTBEIT S,

s R UL (RK)
: BBIRK (oK)

COERNTORKORE), bbb
TEEDSE W, KURDIEMBIZR IR
THMIME D", WIRNDOBEBRL NS VG, KR
TR D SIRIIC 36 BILHHE & 780, AR OISR

DR SUAR AR DB I B T IR R & 75 57,

L7cii =T, IRKNDEMRE DR (LR R D & 5 12Xk
DOEE, WIEETOIRHORE S HEE 125, TR ED
BE, KNOEERE, i LR, b bH.COE
150, TORMEEL, RBIKHFZA A VHCOs Kk A
4 v CO& ITEHa N 5.

B, I TRIAERED "I LHRFECO.(aq) & F N
IKFI U Fo i (H.COs) O 5 2 & TH.CO: &9 5. L
L, T DfEREEREE SRR % 8 L C OHEOEE & » bIEH
WWREWVT &5, KA E L TOILEIC & > T ML
IRFDIRBRR A RHTE 57,

STUMM & MORGAN®IT & % &, RIBIENLEIC & 3 X
IR 13, R EHRRBEIC & 2 H.COEE 2 Cs & B X,
K OH,.COEETH HCEDED—RIIGTERIN B
THbb,

dC _ D,

dt )
T TT, Deo,  WIRBEIEEURE(2 X10 *cm®/s), 6 @ R
RS (BRSO ED L VEEIREETIF40m), A%
i, VI gETH 5.

T, HEERK%,

Do, A

5 v 2

LEFTEE, RDEI=0DEXC=Cy, (=tDE X
C=C& LT &,

C=Cs—(Cs—Cpe ™ (3
3 F W T R AL R F O VA IR L & RN T & B A8,
H.COBEABEBENT T 5 2 L IIRETRHW, T2 T, B
PR A O EE L, FEHnTgEspH, 7 ) E
»OH,COMEAFM L 2. T75bb, Kii, pH, B{L
=oudEfL(ORP), 7w ), TS EE 2 PHREEQE
b % Wid PHREEQCYICAIL, ZOfErofEE» 5
H.CO: B 25 H L 7.

A
7(C5*C) (D

K

-1 FAEHSOHE (Outline of study site)

3. AEMSOHELHFKBEEEYDOREME

Kb v xoEKIE, N v R VEREHO R PEKE (R
) AEE L, N TSI O & h e okt
WAT 3. B-1cRd Lo, Z0EKILOEHT 54
WIRE TR, KEHEBEARK30m, % OEEZELSK TmoRl
f&Emy, RIEE L -TWA, iRikE LTI, AL
O o EKBHT AR, 07— b 7 (BFREHEK) %@
BWLUTHPOEICHT, ARREGIRT 5. TDOERIT/Y
A 7Aoo — b (BERPEK) 2 U, A v~ T
oA T 5. 22T, HANRITHEAT S - v
FVPKEMK-1, b v 3 OVEK & ETRETO IRVK 2 MK-2,
BREZOIUKEMK-3, SHEROJUKEMK4& L,
ZTNTENOKEZMHERS % 1o OEFIKNE 7R

LA OHIES D O, tIRIKIESHESEY) % i%iE T & 5 (E
iE, R GRT 2E coflEEchdh, TOESEE
FIHd 2 &, BIEEARLL, XUk (e L TR
LR E RS 2 HIENENTH 5 SHlran 5.

4. & B # &

K& IR LR R O IERREE 2 E R LT 5 7o I KU
it P IR AR S BRI O B8R & W TR 217 5 =
NGRS, DRI 78 SRR 21T 5 KBRS 2 0 & 0
T2 1D ICENITHIADKEE 2% 1) 7 ORI A R T 2 EN
IRERERER, BIMUARITNCIIAKER 2 3%0E LW 2R 5 &
& & ITpHOE N 2 BRIS 5 72 9 O BIH K B8 5 & B P 1Y)
WL 7.

41 ERNEHEEE

b ROVEEIK & ZES E DBl A TR 2 O 57 TIT W pHA
{bzfET 2R eiT- 70, Alrcil, B-2icRd 77
DVBIOTEIE AR I, BIITHRINL/c7 v h DD b v x
VHEZK10 ¢ OKIZE 4 cm) & 725 & O Befih 2 M 1B 14 5 72
ORIAERFE L VLS IcE»Icing, R-UIRT LD
ICHEIREETIE T 2y — 2 (X —2 1-1), 7% F v 7
Ry —5 =TTy —2(Fr—2 1-2), #KEkE@EL
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A

50cm

20cm

K-2 FEAEBRKRBRICERALILT I VIVEER
A 2% (Acrylic container for mixing
experiments)

®-1 [UKEMICET 2 ENERHARBRT—X

(Experimental conditions of air-water mixing)

r—2 Rk
1-1 FHE
1-2 2 TXF v I AR —F =L D
1-3 HREKIC K D IRR
1-4 MEF X BRI

x-2 EREBHARICETS b URIHIKOKE
(Chemical properties of tunnel seepage used for
mixing experiments in the laboratory)

HE e

pH 10.84
ORP (mV) -206
EC (mS/m) 27.2
Ca?* (mg/d) 8.27
Mg?* (mg/4) 0.67
Na* (mg/4 44.6
K* (mg/d 2.04
CI (mg/d 9.26
NOs (mg/d 0.55
S04 (mg/d 15.3
Si (mg/d 11.9
Fe (mg/d) <0.01
Al (mg/9 0.33
771V E (meq/d 1.76

THZERY 7P TEREEALBLGT 27 —2 (75 —2 1-3)
1wt U CpHZALEZRIE L e, 20ED, b v x vk
EEHER CTHERIC LT ERINT 27 — 2 (7 — 2 1-4)
OpHZEALEZNIE L. LIl b =EiE20~25Co
SPFCHEM L, XUREMBGEHR, 7 — 2 14 %2FRE, 30
min» Sk 7 HE CEMMICpHEZNE L. £/, &
BRIARIch, Bk 21TV, Tova Y EANE L, R-2
AL b v 2 VHPKOKEERT. KE T — 7 138K
i, Hiicokid, pH, SBXEEE(EC), ORPZMIE L,
Bk 1 BRITREELINICRR S i 217 - 7kl T H 5.

pH® |5 12 (3 TOADKK 8 HM—20P (/) iR E0.01, v &
LPEE0.02) 2 L, ECOMRIEICIZTOADKK&ECM-21

50cm CO:

K DfLi &

RIBDFEAE CO:2

G

E Bt

-3 IKEEICk BASAH_BILRROERICHET ZERAK

(Schematic illustration of atmospheric CO: dissolution by channels)

POREERERL Y DItk b, OB LETZ VR —L
05%LI F) &M L, ORP®DlE I3 TOADKKHRM-20
PO fARE 1 mV, UK LYEE 2mV)ZHL 2. 55,
MEMMBZEST 5% TIZpHT 5 ~10min, ECT 2~3
min, ORPT10~20min#/#Tdk - . Ca’', Mg,
Na', K'@BAAv2s0=x b5 7544327 24l
ICS-90), Cl, NO;, SO a1+ vsu~< b5 77k
(54 4 %2 28145001), Si, Fe, AllZ7 7 X = FNHHHT
(S S ERR L ICPE-9000), 7 V7 1) BE (3B i o i
Tobr L.

N YR VHEKOBRBUCER L CTIR10 4 O F ) B AMH L
rehs, NV RIVHEKBS KRR ETE AR I EMLTVE ST
FD3TEEOLHD ., = L CABRERNIC S 72 2B L,
MERBICETRBREER L 2. £, - xTORB IR
KZFE 1 HDNICKE T S 7.

4.2 ERIKEEHER

BithcE T 2 BEEOIRETET 7o, /Y
DIKESHBREEE 2 SUE L, FENTRKEKREZRL, KOOk
TAEREFA N A5 THET 2HBEIT- 2. KEKOEKE,
WA BRI & 2HELE b o TR ATk s R
1556 D% 2 M, KEKDIERNCZSEY) 2 7E D FRi L
Eblkod A THESHEL L b0% 2 MO 4
HAaHELK, B8, EoKEOIEIZ30cmsE L7,

NS DIKERIC K B IR LIKER DO BEE %2 B-31R
T. IS0 FRTRKEIREILASA 52 EICk->TK
SQEIKIA & OB AEREC T 5L EbIT, KOEFIC
LokdiccErridKiartsE sl EEEKLTYL
%, FENIKEEEER T I3KEK 2 VT, KEEH DA S
LKig® Yy 7 Tlhd EFHEKBA D ONEHERE 1.
KB, REREREESXO 0, 0.1, 05, 10, 15
0/s, HEEHFDbDH, $0.75, 150 /s& L. £z,
WRE o & DIcB L ClRIED S & £15, 30cm & ZAL
S, BEHFROLDICE L TRAKBAROE/| L ED T
ZEEma 1, 2emEZ b E7.

PDbEokic, HXOFENORRABE L, Hick
g 2 B D FLIR & PLE L 7e.

4.3 IRokEEER

Bl 3 2 BRI O R 2 £ A, i /i ZF)
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x-3 HEMKKRBICE TS b RIVHEIKDKE
(Chemical properties of tunnel seepage
used for in situ channel experiments)

HH BiE
KR (°C) 14.1~19.3
§-2 pH 10.05~10.58
0.540 il R 30em ORP (mV) -86~-48
EC (mS/m) 29.9~31.6
i s Oﬁmﬁgf' Ca?* (mg/9 12.1~13.3
3 Mg?* (mg/d) 0.92~1.0
Na* (mg/4 63.7~66.7
B-1 RHOKBHBELE K mgd 21280
(In situ channel experiments (Vertical view of weir type)) NO» (nfg/ D 2'0,\,2 6
WAL s S042 (mg/) 19.1~20.8
S0 Si (mg/d) 16.2~16.4
Fe (mg/d 0.05~0.08
Al (mg/) 0.81~1.1
T TNAHVE (meqld 2.37~2.72
5. H B O B
5.6m 5.1 ERNEEEER
FEWNAEREER T & - TE S 7o pHO IRFRZL
— (L2E-6I1c/Rd. TOXMS, HBild 5 K&H
i ‘/
- "—'—,' =24 N~ = S z ES
-5 RiEMRZETHEBRERER (In situ water falling experiments) D BALHR & F-iilks DpHC & 3 8AFILIC 5]
FET DO I LRI, FE TR 3 HELE,
=4 IRHEERS — X (Cases of in situ experiments) HEHER T 1330~ 508, BRA T 13 20 IR RE & 75
== FR | b5\ T cm) | WOBEK | Wk (49 )
o) = 0010 BIEHbME O EMD, HERETE
2 15 42 0.069 PHIE F 12 50 2 BRI Ao 574 & ik L <
2-3 AR S50 0.955 MR E sy, &2 FHAT 2~ %2 F v o
2-4 0.115 ) .
2-5 30 21 0.298 2y —=F =Tk Z)T%ﬁi, ﬁﬁ%ﬂu: LA H%)?Wb‘%%
- 0355 HRAE & it L CpHAME T o 5 AR E W
2-8 HRE TR 560 - 0.321 TEMDMD, BRI, SUARTICELE YR
29 0.951

AL TEBED b v 2 VKR O TSR ER 2170 pHZ
{LZRIE L1z, 0BT ENEER & [ UHRE O B
FR2FHEERA L, 51T, SNEER T3 E MR
7% Sh6my S EEHIKEABREBE TS 3 HXNEMAVT,
pHZALZJIE L 72,

KRB OWE AR, 51T TR,

Hpcld, K-LRTERPID» &£ 7T b v 32Uk
/A LFFBELEBICFDOR Y 7ORBEEZIHEL TKED
VI MREEICH Lz, KENTORAFEEZEL,
AFEKAKEE R H T 2 S L 7 e, KERRA LD (S
0) LKA (S-3) THIK AT » 7o, BRIE LK T3k
B D 2 O (S-1B L PS-DICB VT bFKEIT -
fo. HHETNARTE, WAY v 2 EFEsy v 2 NTHRIK
EiTotc, D HEIENERRREENTH 2. 0B,
BB 3 4 HREIc b o 57208, 1 HT &I b v 2 vk
OpHMBZEAL L e T &6, MRH O & icislBRBAGHT I b
YRVPIRERILL, 2frEfT- 7. R-3I1C b v 2Lk
DIKE %, R-AHIHEERr — X 2R

AR TR OB & &UEIC X BRI ORI &
785 EIEIE S DD DM OREHT 5729, KX
ho TR LIREDEIERE S & TR Lt EEZ SN B,
T/, REABEIRETS - TORUKEMIEIoRNE &
BICpHME N9 5 2 &5, pHIK FIC XUk O Hefhififg
BLOBMEFEZRE L2 ENETH BT EE2RE

15, NB, EWEBCLIHERETEpHENZIEEAL
Honimr -, IhRKUEREMREZ JA2EnsETh,

RUGHERE R B AR TE BTN E LR B om0 T
L AR,

52 EAH KL UEHKIEAER

EPKEAE TR, BRESR EEESRicBVT, i
R, b BEPERL AR TR T4 2Tk
TF s ik PRI E ETAREICLOBIZEL,
Bt L7c, BRI EBE-1IORT. WANE ST
&SROV BERINITORT L DI, EPEEEMA B
CETHEBANEE S E L SICKIALTIETE I DD,
o sEIlESATVWA Z ENMERESNK. L, ZEk
HRIGEAATREN I OIS O 72D ik TR <, KB
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(Results of in situ channel and water falling experiments)
1
—2 | BifiEdH 5 VIE% TElem) | #iEWs) 8 | AIRCC) | pH | ORP(mV)
S-0 15.6 10.58 —85
S-1 18.8 10.42 —69
30 0.019 S-2 20.8 10.30 —42
S-3 21.4 10.18 18
S-0 16.0 10.16 —62
S-1 19.1 10.06 —56
1 0.069 S-2 21.4 10.00 —50
15 S-3 23.5 9.93 —45
70 ] 1' 1'0 00 S-0 14.1 10.17 —81
- S-1 14.2 10.11 =77
5 (hrs) 32 0.306 S-2 150 |10.06| —77
-6 FEREBEKBOpHE(LICEET 2 BITIHER S-3 16.9 | 10.02 —61
EEANEE DB OKE 4 emD 7 — X) T
(Comparison between simulated and 33 0.955 S92 167 110071 —e5
observed pH changes of tunnel seepage S-3 17.0 | 10.08 —53
with time) S0 144 [1019] —179
S-1 16.2 10.08 —73
—1‘ N 34 0.115 S-2 17.7 10.04 —59
| wl S-3 18.9 9.98 —64
1 S-0 14.7 10.16 —175
[ S-1 15.0 10.11 —77
85 30 0.298 S-2 16.0 10.08 —69
S-3 17.0 10.05 —60
S-0 19.3 10.15 —48
S-1 18.7 10.08 —45
36 0.915 S-2 18.9 10.05 —48
S-3 18.8 10.02 —38
' - e i S-0 16.3 10.15 —T72
= &7 0.103 s4 177 | 1006] —57
: A“ P S-0 156 |10.16| —78
B R 3-8 560 0.321 S 15.9 10.13 —
(@) HARESTH S-0 15.4 10'17 Z;
39 0.951 S4 154 |1014] —79

XFBR A 13 2007 £ 8 H 20 H~23 H
-6 DiEERICL S pHEIL

(pH change of in situ channel and water falling experiments)

=2 i AR & DV T i (em) Fik(ds) pH (& F&(— ApH)
3-0 0.019 0.40
3-1 15 0.069 0.23
3-2 0.306 0.15
3-3 AR T = 0.955 0.04
: 3-4 0.115 0.21
0 PR 3-5 30 0.298 0.11
. 3-6 0.915 0.13
(b) RS 3-7 0.103 0.09
BE-1 ERKEHEODIKR (Channel ex- 3-8 HHETHR 560 0.321 0.03
periments in the laboratory) 39 0.951 0.03

THA RN AR TE RV T Lo ol AnE
Bhcd s &M L, BIHUKEKGER © I3 ERE S X2 L
7o, 2 FEEAOBRIED & & OMLE R, ZEHNKEEGER T I3F
BT otot®, EBED b v xvHiKk AR L 72 Bk
B IC B 1 2 pHA LD A E A MGt 5 2 &ic L
7.

BIhaAER CE L 7o, 7K, pH, ORPOHIERR
KRB, KBy —2 & 0pHOZALAER-6, E-TIC
~g. i, BORRAEBE-2ICRT. X605, B
WEIC X BEVIE, HE03 L /sD & % pHZEALE T0.04,
W10 L /sD & ZpHZALET0.09L AW T b5,
S5z, -7 oliiEsoEnw k) bRENspHALEIC
KETHENPREVWTEBPASHTH S, K4 F T,

ML (MU AN & BRIk E > TVW B T L b,
TKZKEICE TS 570113, WiREE2m< 45 &k
FHEOBRBMB DI85, Ok, BREOMERS £
DEDONII-TEZELZOND, Tz, MmETEDHK
F 1500 0.019 £ /sic U 72 B3 & 1 pHAS0AFEEER R L, A
pHE i pHE OB b RKE < 80, pHIKREZNED &
5T EMbhotc, I, BT S X951, HEOHD
1T & b WKEN ORI L, T ofERE LT
WA AN L 7z e Th B, —F, HEEFICL3
AR T D F OpHIEKEIRIE O N -/, DT &
d, fET 2 VF—Z2 2RI 2 HHE T HRNE, &
REBELESE 2 T 2 V¥ — 135 < QU2 (e 425, £0
MREEIES R WD, HF O EMMERA L - &F X
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51 5. ORPICBHL T, BIER T L CliaEs
DIV AICORPOE T FRMEBED NS, i,
bR VKO IAEIR R IKIE S & bIcEE T 5
99~117mg/ ¢ TH v, R FHMIATFRRZEL IHIGL
TSI ISIREETH - 12 2 & 52, pHOZALITHIL L 72
ORPODZALTH % EWVWZ 5.

Pl oz X OBIHUKEREER D5 &, Rxiho
BRILIR R DRI & 0 pHA KIS 2 7cdiTid, KUK E K
WEPEALT 2mEEARNE L, HEEHOELS L5 &

0.0
A
A O
o
-02} -
L} o
R}
™ O @A 150m
€ il o O #F= 30cm
a A ETE 560cm
_0‘6 1 1
1E-3 0.01 0.1 1
e (Lls)

-7 RMHERICL SpHELELTE L OBIF

(pH change vs flow rate for in situ channel and water

falling experiments)

¥ ‘, V“&, g ..
(a)  BiKERELER DR (b)  HHEH#E FalEROIRDL
BEE-2 REBRORKR

(In situ channel and water falling experiments)

TV UM b VK

-8 ZBLAAXOHER

(Sehematic illustration of multiple-tray system)

NENTHBEVZS., 351, BRO LS IS ZHE
L, REEES 2D SE3E L 0ENH 2T &b
Mmote, TNHDTEDS, RO BILKTZESHN
WWIRfREE 5720103, BI-8D L5 _FHD b LA TEEH
KXY 5 2 &, SURIEMARE 2 K& <, hoii PR Z
EC LD, BRCE bl XM E T2 EMED b L
A SERIKEIEIRD—>ThH 2 EEZ 5N 5.

6. KSRO-BILREDRRICE b4 S pHE(LIC
CEEE

SRR IC 351 5 AL TR s L 7 H.COuik2
B LUOpHEET T 2701, R-TICRT b v x LK
DIK'E 7 — % 1 H % PHREEQE & 5 \ I3PHREEQCIZ A
L, &5iT, RGP BILRZESE %107, 10,
1075, 107, 107, 10 °IcZA b & ¥ 784 O pH & H.COqj8
£ & DB AERD 7, KEDOATIF—4 & LTI, 20084
4~12HDH 1 B OFAKKED b v 3 VHEKMK-10 7 — ¥
RV, RSICIIKEOE T A RT. MR ER-
9IT/RT., TOIZBWTT Oy FHBRVL OhD S IV—F
ZAPNTWAER, ThEho 7oy FEHCB VLTI /R
(LRBENTEMF U T, 7oy FENDOE S-S EHER DK
BEIICE-TWE, COR»S, “BLREZEOHTED |
A& ESITKPTOHCOBEMNEML, Thicsbiaw
PHME N4 5, 3hbb, pHPRH.COMEE I kK %
DHEORBEEZRE 2, FHOKEEIC X 2838
FILEHONBOWI ELBbNrE, DT EE, b rxovE

%x-7 PHREEQE % % |l PHREEQC DA F—%
(Input data of PHREEQE or PHREEQC)

pH, pe, B, KiR,
Ca?t, Mg?*, Na*, K*, Si, Fe, Al, C17, NOs~, S0~
DRE, TAHVE

logPcoz = —3.5, —4, —4.5, —5, —5.5, —6

WBIp ATt

ELE w7 COBE
NRIA—F

=-8 MERALEMATICAL b v RIVHEKDIKE (20084 4 ~12
A ) (Chemical properties of tunnel seepage used for
geochemical calculations)

HH Bl

KR (C) 2.8~12.1
pH 10.01~11.2
ORP (mV) -307~-64
EC (mS/m) 27.2~45.3
Ca?* (mg/) 4.69~13.4
Mg (mg/9) 0.67~0.78
Na* (mg/4) 44.6~175.5
K* (mg/d 1.92~2.89
Cl' (mg/d 9.26~19.8
NOs (mg/d 0.55~2.65
S04 (mg/d 14.4~24.7
Si (mg/d 11.6~13.1
Fe (mg/d) 0.01~0.99
Al (mg/d 0.35~0.99
TNHYE (meq/d 1.76~2.67
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Reduction in pH of Alkaline Groundwater Seepage from Tunnel
by Dissolving Atmospheric Carbon Dioxide

Takuya AOKI, Toshifumi IGARASHI, Yoshihiro IIO and Hideaki NISHIO

Abstract

Gas-liquid mixing experiments under both laboratory and in situ conditions were conducted to evaluate the process
of neutralizing alkaline seepage from a tunnel (pH 10 to 11) by facilitating the dissolution of atmospheric carbon dioxide.
The results showed that air bubbling of the tunnel seepage was the fastest and most effective method in reducing the pH
of the seepage, and that a longer mixing period was also effective in reducing the pH. This indicates that increasing the
gas-liquid contact area and contact time effectively induced the dissolution of atmospheric carbon dioxide.

Kinetics of the dissolution of atmospheric carbon dioxide was evaluated by constructing a model that expresses the
change in pH as a function of the dissolved carbon dioxide concentration. The dissolution was found to be a first-order
reaction with respect to the difference in concentration between the saturated aqueous carbon dioxide with the air and
actual aqueous carbon dioxide of the tunnel seepage. Based on the above results and topographical conditions at the
tunnel site, we are proposing the use of a channel with a series of weirs as a simple but effective remediation method. The
model also successfully simulated pH reduction during the in situ experiments, which makes it useful in the design of an
actual channel that will be used at the site.

Key words : alkaline seepage from a tunnel, gas-liquid reaction, geochemical calculation, dissolution of atmospheric
carbon dioxide
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