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Mud Volcanism near the Nabetachiyama Tunnel and the

Formation Mechanism of Swelling Rock Mass

Kazuhiro TANAKA* and Tomokazu ISHIHARA **

Abstract

The Nabetachiyama Tunnel 9116 m long was excavated in Tokamachi City, Niigata Prefec-
ture and encountered the serious difficulties during excavation. In particular, a 600 m long sec-
tion in the Matsudai area had experienced difficulties caused by swelling mudstone in the Ter-
tiary Sugawa Formation. A 120 m bore hole long was excavated in the neighborhood of the
section and geological and geochemical examinations of sampled cores were carried out to inves-
tigate the formation mechanism of the swelling rock mass. Mudstone distributed deeper than 50
m in the bore hole can be correlated to the tunnel troubled section geologically and geochemical-
ly. The section is assumed to be composed of mud breccia with mudstone fragments and clayey
matrix, which is thought to be generated by hydro-fracturing of mudstone, showing weak
strength due to large quantities of clay minerals. A gas pressure of 1.6 MPa thought to be caused
by degassing of methane was measured during tunnel construction, which would increase the
swelling properties. Mud breccia distributed deeper than 50 m contains a lot of Na-smectite
formed in highly saline pore water ascending from deep underground. The result of slaking test
showed that mud breccia filled with saline groundwater is characterized by quick slaking and
swelling due to the marked contraction of Na-smectite when drying. In summary, the swelling
rock mass distributed in the troubled section was formed by the weak rock strength caused by
hydro-fracturing and high gaseous pressure generated by degassing. Furthermore, quick slaking
caused by repeated wetting and drying was another reason for swelling during excavation.

Key words : mud volcano, Nabetachiyama tunnel, swelling rock mass, slaking experiment,
mudstone
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Fig.1 Geological map of the study area and location of the troubled section in the Nabetachiyama Tunnel and bore
hole at a depth of 120 m. The study area is mainly composed of Tertiary Sugawa Formation. Troubled section
of the Nabatachiyama Tunnel is located in the basin structure and along the topographic depression wall. The

bore hole was excavated in the center of depression.
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Fig.2 Distribution of swelling rock mass modified from JSCE (2006).
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Fig.3 Variations of converted uni-axial rock strength
obtained by a needle penetration test. Pen-
etrationability was measured atintervals of 10
cm and converted into uni-axial rock strength.
Converted uni-axial rock strength deeper than
50 m was 0.1 MPa on average.
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Fig.4 Generalized structural model under the mud volcano and relationship with the troubled section in the Nabe-
tachiyama Tunnel. Troubled interval of the Nabetachiyama Tunnel due to swelling mudstone is located in the
basin structure and along the rim of the topographic depression. Swelling mudstone was composed of mud
breccia with mudstone fragments and argillaceous matrix formed by hydro-fracturing. Quick slaking occurred
due to the repeated drying and wetting during excavation.
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W7z (1D, BRI AREABRIFERAEE
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BB EBHOBBRI D AL —F > FJI5B0%
ETDH 24 BFBILLEE L7 (hARESEED
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TR FESININE - FHE (1984) =B
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Table 1 Classification of the results of slaking
test (Kojima and Saito,1984).
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Table 2 Sample list and results of slaking test.
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(FEHK) (A
)1 g
KM-1 (20.38 m) R C C
KM-1 (32.38 m) <y F7 Ly Fr— B~C B~C
KM-1 (93.78 ~ 93.82 m) e A A
KM-1 (98 ~99m) <~y K7Ly Fy— A A
MS-1 (£3) BLR B AR C o)
MS-2 () BLRBAPRRE C (¢
MS-3 (Z) YV ME B~C B~C
MS-4 (Zi%) 21BN ERE o B~C (¢
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MS-6 (%) SR B AR E C D
MS-7 (%°F) BOR B AR E C ¢
MS-8 (H¥E &) BR B A RS C (¢
MS-9 (ifi4) BR B RS D D
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A5 T B LR
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MS-2 (RI.A) R D D

RBE EARER AR FERS (1983), /N - FilE (1984), M HIEAD (2004) =BT 7.
KM-1 (93.78 ~ 93.82m) O g%, KM-1 (98 ~99m) O~ v F7 L v F ¥ — 3% ICHF KIS
BAREEZ L, TACRKICZ ) BEEZRT. KM-1I1EK—1U ¥ 738, MS3ETHRML
7B &R

Procedure of slaking test was after JSCE (1983), Kojima and Saito (1984) and Nakata et al.
(2004). Mudstone (KM-1, 93.78 to 93.82 m in depth) and mud breccia (KM-1, 98-99 m) became

muddy after the slaking test and were characterized by swelling.
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Sy CEARY, ZTOKIF2HULELEBRBLTOZLEIALONZ Y., KM-1 (v F7 Ly Fy—, BE
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LTOHZ LA SNV, (b) KM-1 (J8%, #)¥93.78 ~93.82m): W B ICHE B RICEKS R B
KIKFMBICT v 27 ALY, BWHEEXZDOONE, ZOHKIG2HUEEML THEITAS N V.
KM-1 (v F7 Ly Frx—, HEIS~99m): B ICEARKIBRS S BRKIEHBICST V2
ALy, BEHEI RDODONE, TOHIT2HU L@ L THELITAL N W,

Fig.5 Images of the slaking experiment. (a) KM-1 (mudstone, 20.38 m in depth): Mudstone became to Rank C 1
hour after soaking into distilled water. No change was observed at two days. KM-1 (mud breccia, 32.38 m in
depth): Mudstone became to Rank B-C 1 hour after soaking into distilled water. No change was observed in
two days. (b) KM-1 (mudstone, 93.78-93.82 m in depth) : Mud breccia became to Rank A 1 hour after soaking
into distilled water and was swollen. KM-1 (mud breccia, 32.38 m in depth) : Mud breccia was turned to Rank
A 1 hour after soaking into distilled water and was heavily swelled.

RIS, B OEBAVRKIERII X 6k % b OO, HE—EEEE L FEEE 0.6 MPa
BaIhEEshzdbontEz 515 (Brown, Lo TBY, Zhideke LTRaEaH Lk
1990; 15 - HH, 2009) . K= ¥ 7 a7 O#HE BEhohb<y FTLyFrx—%3hke352
ANRBROMERTIE, REB0m IURIZIES D& DD &, Wi OISR ICE WS

— 507 —



&, RS AT R IR T K OB CRARAL
LTWAILELRENEKNEEZ ONSL, TARYS
(1992) 1 X, #arili b v A v okl
& T O — Bl EM R 1ZH 0.4 MPa & SITEBY,
FIZFABOMEEZELTVWALDEEZLND,

LA

IRt L OH) 2 I21E, MR DS — I
Hwoih, oc/yH TRENAL,

Z CToc 3MINDOEMIREE, yidHLO AL
R EE, HIZEH)msTh s,

R PE L X LR EE A2 LFCTH D,
SN YAV OEETHXEIL, 0.1R#E SNT
Wb (BAR%4, 1992) K=V ¥ ZHHIE T o
LRI BT 2 # il 5h i, R 120m, 04T
— AR EE 0.6 MPa, B ARREE i3 2 7 3Lk
D) HLIRAEEF 10 A 53R 720 AL AF
EROFHHETHLy = 2.1g/em® T 5L 0.24
%D, BIREHILOFHEEZRL TS b0 L
Wrans,

HAE :

FEMBAREICE D TFEME Y L5 LAk
Z500m EEIZBWTY Y FF v Y N—Z2 B
L, BAADETL, BT REERY, Ak
RERIRDSH AT Do SR b & ROV TR HI
WK 1.6 MPa DA AJEZEk L, &KKDE
WHI AR L ) R L E BT T A E v o
BHEMPBEINT VL, A=Y Y ZHHIZB VT
b, AT7F2a—TIOVWY B L2ERKIE, vy F
TV F X —DOREH L &0 6 HADFEEHBIN
SN, B% 037 ORIEIBI S, BB
IBEE L BT, WA RICEBHELEZLN
%o

2) EEIBFORKEEICK 358

b AOVIREIRE I &2 & de b & R OVEETHNIE
PRIIE R & D 2R L, WEKkE: EoREs
ZUFHZ LX), R BEERYEL, KO
WADIZXY, BEDAL—F 7RI BHD
EEZLNTWES, K= V7T OEHEE 50 m LLE
B VTHRIL L 72 Wi i B oK Il L 7= 2
T ORKBEERBRORER, SRRRIRE R T
CEVBHLNE R ST, FEE LTI, 50m L

ROMBNIH T HREH S LA LT Xm0
OWTFRICEVEMLTEY, ZOLOR1T85Y
LLTNa-AAX7 %4 a4 {HATWVSD, Na-
AXTZA MiZCa-A A Z A4 MEHELEZERL
BN EAKE <, RTE ORGSR s h
3L, TOBROIWHIK L & OIEIRE DMK K
DFFEBO O EHYOBR_EEOHFEICLD
KRR DAE &, B, R &k
CENWREMES D B (FHIZA, 2004), #iR
LT, MUAIVEERIZ Na-A A7 74 bag&d
REPHBLUZBICIEE L a s b2 il
BT &RILZbDEEZ NS,

3) $AsLIL b > RIVERMEHIL DR D X 51 =

N

SMALIL S 2 AV ORI X B D TERL A A =
ABZOWT, MRHIENTIT 5728 —1) ¥ 7
FIZEIVEONHE - T RTFT—5 2B E L
L, RAKUNGEI OB O EHEEIT - 72,

%R :

ST b AoV IRMER L IX N, JRKIL o
WAZBI G L7 HE - s BREE ICBIR LTI S
ebolEZONG, Thbh, WTHEHE?OR
WHBRKERIZE D 720 SN TR
500 m PREIZBWT, BIEICHEVETALS Y
FFy oN—=%B L, Z0%, LHojE%K
JERC XD, M EIREE BRI Lz, &
51T, kA L@ T RIC i L 72"
R L AR I R T K & o3 X 0 R 8
WA DN BRZERIIE R L YRS
WEL, HBRERZ KT S0 E2 60
5o

B

X512, RHE Lk, mESRETHY,
Ca-AAZ 74 F%Na-A X7 %A PAELEH,
C D7 HIHIFFICIE, BB X ) Sl A%
FALERDI&RI L, MLEELY S ST 87
LOLHAWIESNL, T/, EIBIBITIHETZAD
Mg, K 1.6 MPa &\ o 2B WA A EDTEL
SN, b YA VIREIEOBEH A & S KR OB R
TRl H AL EBITERTAENE DR o7,
T 72, W AKOFEEHBRKIE b AR IZ/EH

— 508 —



HpLIBREL

A 4
|

B EE T |
|
|
|
|

<YBHIFT: RE> T<}z@ﬁ|ﬁ§ CFERE>

Ry RTLyFp— SRKERIE
(rz>) T

(BESHR, 1)

KBRS

15t
HRE

REMEAE |,

1

BiEsEEA NeRX DA b

X 6 JRAKILOUGE) & EMEHINER A 7 = X 4. b
YOAOVIEHI AT E, KREBFE D SIS
WEBTRKICE2REEEOEAL, RIR
1t (FHW) 25, b ¥ 2V #iE Na-R 2 7
Z A SO BB X O R RS
K RDOEBEZLZRRAB X CBERD
HANZEBEmWH AL (FHH) 2R
WO EEL hbo TV 5.
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the other hand, a motive factor is weakening
of mudstone caused by drying and wetting of
Na-smectite and repulsive force due to the in-
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