Akita University

goooooOooooooooooooooos1oo2o0100100 47

HREE EFRIBOKXRR k> RILTEHASH LHEKD

HOERILFRIFFS & T DR

JIEATE", —HEERT™, IIEAIE™, AllR="

Geochemical characteristics and origin of groundwater draining into a large-scale tunnel,
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Abstract

The purpose of this study is to investigate sources and style of migration of spring water discharging from fracture zones in a
large-scale tunnel occurring at 150 to 200 meters below the surface of the ground.  The water samples collected were spring water 200
meters below the surface and subsurface water 100 meters below the surface in the tunnel, well water, river water and precipitations.
The properties of the water samples are discussed on the basis of concentrations of the major chemical components, including Na*, K*,
Ca?, Mg?", CI, NO5_ SO, and HCO; and the oxygen and hydrogen isotopic ratios of those water.

The oxygen and hydrogen isotopic ratios of the spring water in the tunnel have almost constant values of 5'®0= -11.0 %o and 5D=
-70 %o, respectively, and the isotopic ratios are lower than those of subsurface water, well water, river water and precipitations. On the
other hand, the oxygen and hydrogen isotopic ratios of subsurface water show weak seasonal variation. The residence time of the
spring water in the tunnel is estimated to be about over 2years. Based on the results of concentration ratio for major chemical
components of water in the area, river water and well water having a short residence time and spring water having a long residence time.
The subsurface water is thought to have been formed by water/rock interaction between water of meteoric origin with Quaternary and
Tertiary volcanics in a short time, while the spring water is thought to be water formed by reaction of subsurface water with Paleozoic~
Mesozoic to Quaternary strata over a long period.
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Fig.1  Map showing sampling points of river water, well
water and tunnel spring water in the area studied 50km north
of Morioka City in Iwate Prefecture.
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Fig.2  Geological cross section (A-A’ in Fig. 1) around
the Sinkansen bullet train tunnel (Miyakita et. al., 1984).
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@ River Table 1 List of the mean concentrations of major chemical

W wel components of each river, well and tunnel spring water.

A Tunnel

@ Precipitation
Mo. cIr 50, NO, HCO,” Na' K ca®  wMg™

onsa, 1 30 14 07 262 38 04 55 13

2 33 19 0.7 251 4.0 05 48 16
3 39 37 0.9 257 4.6 0.8 53 1.7
4 46 42 0.6 36.1 59 19 6.5 23
5 7.0 34 412 334 51 10 79 29
[ 59 43 14 395 6.3 16 7.7 27
7 34 27 13 26.1 4.4 0.4 3.0 1.8
8 38 34 34 234 36 0.9 54 2.0
9 River 46 41 0.7 414 63 11 75 27
10 6.5 6.0 31 519 6.4 15 131 28
11 42 38 0.9 238 3.7 1.1 49 2.0
12 38 30 34 297 4.5 14 6.0 22
13 4.6 55 20 381 52 14 8.0 29
14 32 34 04 36.1 41 06 76 22
15 41 45 26 341 49 09 71 26
16 56 6.6 7.8 350 31 18 89 34
17 6.2 7.7 52 46.1 6.9 1.8 10.2 3.8
18 89 6.8 617 454 101 52 214 59
19 6.5 21 192 418 63 07 109 46

Fig. 3 Standard Piper Plot showing the types of groundwater.
The types were divided into 3 groups: river and stream water,
well and tunnel spring water.

NO; = 0.3-61.7ppm, HCO;=23.4-68.6ppm T 5.
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it (Nos. 8,9 and 15) & Z it (Nos. 11, 12 and
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7), HE)IClE E~3E (Nos.2and 3) T Hi
% (Figsland 4). CI'& SO EEE Dy T 117k (Nos.
10, 13,16 and 17) 1%, FH A KIZIEWO I S0 —
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49 L7 10.6 j6.1 6.4 0.8 114 47
6.7 32 035 394 4.1 15 9.2 2.8
Tunnel 36 81 03 68.6 89 14 16.7 1.7
Precip. 11 18 0.6 31 03 04 1.6 03
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M E AT TRRO bs. HFKIE, B4 Ca® —HCOs
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SO PEEEAMEV Y. ARk CrofEEiziE, Bkl
EENDWBENEZ LN, No. 21 k< H Ak
1%, CIHRE® NOsIREE & m\ (Fig.4b). Zaubd
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20, 21 DFH:FKIE, No. 5 DFJIKICHEEIL TEY,
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Diagram showing relation between major

element concentrations. (a) CI" and SO,%, (b) CI
and NOj3', (c) CI"and HCO5, (d) CI and Na*, (e) CI
and K* (f) CI"and Ca?*, (g) CI" and Mg?*.
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Na' LIS DB A 4 L TAER 31, Ca®* (Fig. 4 (c) 73
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BENOKEOREKOESE - KBRMEE, 6
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Fig. 5 Relationship between the 520 and the 8D values of
waters obtained from the area studied.
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— =z

déw .
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) LEPT 5 (Fig. 6) 723, FKHATHOREAD dE
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Fig. 6  Seasonal d-value variations of waters obtained from
the area studied and Akita City precipitations.

27
254
. 2 months
21 / 6 months )
1 O™, 24 months
199,
% (T 7\9"6/ o
11 4 Precipitation ’
9 ORiver (mean value)
7 W¥el | (mean value)
ATunnel (mean value)
3 T T T T T T T

i 2 3 4 5 6 71 8 9 10 11 12
Month

Fig. 7
outflow water using the residence time as a parameter;

Variation with time calculated d-value of the

variation of the inflow water is added for comparison.
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