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Shohei Kaneko, Naoaki Shibasaki, Miyu Shoji and Youhei Uchida (2016) Characteristics of changes
in groundwater level and groundwater temperature based on long-term monitoring in the Aizu Basin,
Fukushima, Japan. Bull. Geol. Surv. Japan, vol.67 (6), p.183-208, 7 figs, 4 tables, 16 appendices.

Abstract: Groundwater level and groundwater temperature have continuously been monitored at
16 sites in the Aizu Basin, Fukushima Prefecture. Groundwater level, which declined by pumpage
for snow-melting in winter around the urban areas, gets recovered in summer. However, it cannot
necessarily reach to its level of previous years. In these sites, water balance may be deficit. Groundwater
temperature in some deep wells declined year by year. This is because groundwater in shallow aquifer
is drawn downward by decline of groundwater level in deep wells in winter. In this region, groundwater
temperature is considered to be affected by not only thermal conductivity but also the induced

groundwater flow by artificial pumpage.

Keywords: Aizu Basin, long-term monitoring, groundwater level, groundwater temperature
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Fig.2  Changes in monthly average groundwater level at observation wells. GWL and GL denote Groundwater Level and Ground Level,
respectively.
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g1k BHUFEETC.

Table 1  Specifications of observation wells.
. . Screen Well Ground Height of Date of Sensor Measurement
Name Location Lo(:’gltu)de L?;ltm;e WeH(D)epth Depth Diameter Elevation MP*! Measurement lgsta_lled Depth Meas]:rement Interval
6 % m (m) (mm) (m) (m) Started SVIC® " (m) from GL em (min)
Obs-1 OSM-S_ E139.8737 N37.65105 15 20-150 50 209.8 103 2007/3/9  DI1-001A -6.7  GWL™ and GWT" 30
2007/1/10-
‘miniTROLL
Obs-2 KMP  E139.8814 N37.65780 4.2 unknown 30 2183 0.25 2007/1/10 2008/6/15-  -38 GWL and GWT 30
:S&DLmini
Barometer
20%’.;]/ [1)7' RT510:GWL
Obs-3 SGW  E139.8637 N37.64557 192 unknown 100 203.4 0 2007/2/17 -100 S&DImini: 30
2011/5/2-
o GWL and GWT
:S&DLmini
20%/{5{ ;0' HRL-5:GWL
Obs-4  INM-Agr E139.8884 N37.67025 5 unknown 900 239.7 0.72 2007/5/10 , - -44 S&DImini: 30
2009/4/25-
e GWL and GWT
:S&DLmini
Obs-5 INM-1  E139.8834 N37.66203 5 1.05-5.0 50 2231 0.65 2007/12/31  S&DLmini -3.7 GWL and GWT 30
Obs-6 INM-2  E139.8825 N37.65881 5 1.05-5.0 50 220.1 0.71 2007/12/31  S&DLmini -4.6 GWL and GWT 30
745-855
102.0-146.0
Obs-7 FRA E139.8729 N37.65476 200 o ieso 300 2148 0 2009/9/14  RT510 -544 GWL 60
184.5-190.0
Obs-8 WS-5  E139.8587 N37.65856 100 gg'gjg;'g 350 2169 0.20 2009/10/19 S&DLmini 152 GWL and GWT 30
205-31.5 T
Obs-9 HNG  E139.8878 N37.45092 75 37.0-48.0 350 2274 0 2010/4/8 g -15.7 GWL and GWT 30
Barometer
53.5-59.0
52.0-63.0 2010/4/21-
Obs-10 ODA  E139.8422 N37.46958 151 8857740 300 2164 0 2010/4/21  S&DLmini , . 198 QWL and awT 30
& ' 79.5-90.5 & 2014/3/21-
96.0-145.5 :-85.2
58.5-80.5
Obs~—11 HNM  E139.9188 N37.49353 152 86.0-97.0 300 2129 0 2010/4/21  S&DLmini  -11.4 GWL and GWT 30
102.5-152.0
520-58.0
Obs—12 Jsl E139.8897 N37.46306 140 764360;17012'% 250 2248 0.78 2010/4/26  S&DLmini  -195 GWL and GWT 30
109.0-120.0
Obs-13 HND E139.8452  N37.50620 4 unknown 40 193.6 0 2010/5/20  S&DLmini -3.3 GWL and GWT 30
Obs-14 KTB E139.8510 N37.44586 5 unknown 40 2350 0 2010/5/20  S&DLmini 49 GWL and GWT 30
230-285
Obs-15 WS-6  E139.8580 N37.64898 100 34.0-505 350 2018 027 2013/3/4 Leveloseer ., GWL and GWT 30
56.0-89.0 Edge
Obs-16 HKM  E139.8739 N37.69810 30 unknown 125 273.3 0 2013/9/25 S&DLmini  -15.2 GWL and GWT 30

*1: Measuring Point
*2: Groundwater Level
*3: Groundwater Temperature
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L7232 Thsb. 72, KETAELTHBIH
PSR HIE, SR 18 4% oo - HUR] T4 A
voaF— & ([H4WE, 2016) 12Kk B LAY E

ENBEDNZ O (FE2ERKUE 4K Dbuilding) . THifiH
OB NI FHA TR MH L T B Z BN
W, ZZFEOHIKOEIZ & - Tttt O VR O K RE O
AREAME T U, EREEOM T KEG AT Z LIk DX
FEOmAREORMK T 252 Lz eiifRans (52
X KO 3 [K(b)) .

IFF Obs-9, Obs-10, Obs-11, Obs-121ZHWT,
20104E%2 5 2012412 20 1 TOAFDORIEAM TV Fh
LHELETTAEAAAL N, L, XFOEKE
AEELBIML T2 TR A RIE$ 5. F72, Obs-7(E8
3 (a) IZF6 1 2 DM FARAL F 4 K Mz & %
7, TR OREER O ARG DKL 23~ 4 F 21
o T3 EERFFOHKRENE#ZREED & Lol>
TW3) L EE®T L Ebh5.

BHF TOREMINC 351F 2 A _E iR B O AT L 5t
X, i & D LIS TR & W EHIE A B B A,
AU X 2B OREOZIT R T IR L T
WareEZLND (FE2EK).
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53 =2 it o HEEH FARR. GWLIZHE 7K (Groundwater Level) €, GLIZ 31 (Ground Level) Td 5.
Fig.3 ~ Changes in monthly average groundwater level in Kitakata urban area. GWL and GL denote Groundwater Level and
Ground Level, respectively.
ok MU ARAIHIE AR
Table 2 Result of groundwater level monitoring.
Groundwater Level
Artificial :
Pumped GWL Minimum Maximum Average Flu;;::‘zon Rise during Irrigation in 2014
Well Decline in

Name  Land Use* Winter (m) from GL (m) (m/day)  from to (m)
Obs-1 building X @] -4.96 -1.81 -3.36 3.15 0.02 May 12 May 28 0.27
Obs-2 building X O -3.15 -0.59 -1.94 2.56 0.06 May 9 May 18 0.52
Obs-3 building © @) -9.93 -4.04 -5.64 5.89 0.03 May 12 May 18 0.17
Obs-4 main road X X —4.19 -1.35 -3.00 2.84 0.14 May 7 May 18 1.53
Obs-5 paddy field X @) -2.10 -0.44 -1.35 1.66 0.20 May 4 May 8 0.80
Obs—6 paddy field X @] -3.22 -1.22 -2.65 2.00 0.09 May 6 May 14 0.75

Obs-7 building @] O <-54.5 -7.87 -15.23  46.63< - - - -
Obs-8 paddy field X @) -10.43 -7.00 -8.13 343 0.08 May 11 May 18 0.56
Obs-9 building X (@) -12.06 -6.89 -8.80 5.17 0.05 May 11 June 12 1.54
Obs-10 building X O <-16.6 -6.51 -8.78  10.09< 0.03 May 8 May 27 0.61
Obs-11 building X @) <-11.4 -2.04 -512  9.36< 0.03 May 11 May 27 0.49
Obs-12 _ paddy field X © -12.42 -8.40 -10.40 4.02 0.03 May 11 June 12 1.04
Obs-13 _ paddy field X x -1.36 -0.34 -1.01 1.02 0.14 May 11 May 13 0.28
Obs-14 building X X -3.49 -0.54 -1.99 2.95 0.11 May 5 May 20 1.62
Obs-15 building X O -7.58 -3.78 -4.66 3.80 0.01 May 12 May 26 0.16

Obs-16 _other farmland @) X -13.18 -4.61 -8.31 8.57 - - - -
Average = = = = = -5.65 & 0.07 = = 0.74

* Land use data are based on Ministry of Land, Infrastructure, Transport and Tourism (2016)
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Fig.4  Land use map around observation wells in the northern
Aizu Basin. Land use data are based on Ministry of
Land, Infrastructure, Transport and Tourism (2016).
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Fig. 5 Changes in monthly average groundwater temperature at observation wells.
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3k M KIRINE AR,

Table 3  Result of groundwater temperature monitoring.

Groundwater Temperature

Time Lag between
the Peaks of

Sensor Depth Minimum Maximum Fhackziion Average Groundwater
Range :
Temperature and Air
Temperature
Name (m) from GL (°C(recorded year) ) (°c) (month)
Obs—1 —6.7 6.9(2012) 19.0(2012) 12.1 12.7 3
Obs—-2 -3.8 10.5(2013) 17.3(2010) 6.8 13.6 2
Obs-3 -10.0 10.0(2013) 16.1(2012) 6.1 13.1 2
Obs—4 —4.4 10.4(2012) 18.6(2010) 8.2 14.2 3
Obs—5 =3.7 10.8(2012) 16.3(2010) 5.5 13.1 3
Obs—6 —4.6 8.5(2014) 17.8(2006) 9.3 12.5 3
Obs-7 Temperature sensor is not installed.
Obs—8 ~152 12.3(2010, 2012) 14.0(2011) 1.7 13.0 6
Obs-9 -15.7 12.5(2010) 15.4(2010) 2.9 14.2 6
Obs-10 -16.6 13.0(2014) 13.7(2010) 0.7 13.4 ?
Obs—11 -11.4 13.8(2014) 14.9(2011) 1.1 14.3 5
Obs—12 ~19:5 12.3(2014) 12.9(2010) 0.6 12.6 0
Obs—-13 -3.3 8.5(2013, 2014) 19.0(2010) 10.5 14.1 1
Obs—14 —4.9 11.2(2010, 2012-2014) 16.4(2010) 5.2 13.6 3
Obs—15 -12.1 12.6(2013) 12.9(2014) 0.3 12.8 7
Obs—-16 -15.2 10.6 (2014) 13.6(2013) 3.0 11.7 3
Average = = = 4.9 13.3 =

Temperature (°C)
2 4 ] 8 10 12 14 16 18 20

WAk WTARET S — v D5 oL 111
Table4 Classification of changing patterns in groundwater temperature.

Classification Name
Pattern(D  Obs—2/0bs—3/0bs-5/0bs—13/0bs—14
Pattern@) Obs-1/0bs—4/0bs-6/0bs—8 i
Pattern(3) Obs—9/0bs-11/0Obs—-15/0bs—16
Pattern(@) Obs—10/0bs—12

[
|

6. £&O

Depth (m)
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Fig. Al  Changes in groundwater level and groundwater temperature at Obs-1. (a) Changes in groundwater temperature since measurement
started, (b) Changes in groundwater level since measurement started, (c) Changes in groundwater temperature from October 1,
2013 to September 30, 2014. Interrupted lines show data missed. GL denotes Ground Level.
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Fig. A2  Changes in groundwater level and groundwater temperature at Obs-2. Parameters and periods in panels (a)—(c) are the same as
Fig. Al. GL denotes Ground Level.
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Fig. A3 Changes in groundwater level and groundwater temperature at Obs-3. Parameters and periods in panels (a)—(c) are the same as
Fig. Al. GL denotes Ground Level.
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Fig. A4  Changes in groundwater level and groundwater temperature at Obs-4. Parameters and periods in panels (a)—(c) are the same as
Fig. Al. GL denotes Ground Level.
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Fig. A5  Changes in groundwater level and groundwater temperature at Obs-5. Parameters and periods in panels (a)-(c) are the same as
Fig. Al. GL denotes Ground Level.
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Fig. A6 Changes in groundwater level and groundwater temperature at Obs-6. Parameters and periods in panels (a)—(c) are the same as
Fig. Al. GL denotes Ground Level.
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Fig. A7  Changes in groundwater level at Obs-7. Parameters and periods in panels (a)-(c) are the same as Fig. Al. GL denotes Ground
Level.
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Fig. A8  Changes in groundwater level and groundwater temperature at Obs-8. Parameters and periods in panels (a)—(c) are the same as
Fig. Al. GL denotes Ground Level.
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Fig. A9  Changes in groundwater level and groundwater temperature at Obs-9. Parameters and periods in panels (a)—(c) are the same as
Fig. Al. GL denotes Ground Level.
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Fig. A1l Changes in groundwater level and groundwater temperature at Obs-11. Parameters and periods in panels (a)—(c) are the same as
Fig. Al. GL denotes Ground Level.
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Fig. A12 Changes in groundwater level and groundwater temperature at Obs-12. Parameters and periods in panels (a)—(c) are the same as
Fig. Al. GL denotes Ground Level.
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Fig. A13  Changes in groundwater level and groundwater temperature at Obs-13. Parameters and periods in panels (a)—(c) are the same as
Fig. Al. GL denotes Ground Level.
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Fig. A14 Changes in groundwater level and groundwater temperature at Obs-14. Parameters and periods in panels (a)—(c) are the same as
Fig. Al. GL denotes Ground Level.

— 206 —



ZWEIIZ T T B PN R O P ARA B O (& 11E2)

13 Obs-15 40

—
jsV)
L

Groundwater Temperature (°C)

Daily Average Air Temperature (°C)

—
=3
L

| — 2
o
5 < [
= 8 |
— e £
E E e
- = BB £
e — O
> c — 1 @
0 ) a
- )
L LY g =
S 8 2
= § — 0.5 N
e a
= -
o
G — 0
2013 2014 2015
(c)

—9
o) i
£ . F
E -
:: e & =15 ’é‘
£ P =
e = £ = 5
5 T &
2 —8 SI—1 3
= =
- L s L 2
g s 2
s L1208 |—o05®W
2 a
= - -
o
g 160 0

OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP
2013 2014

HALSK BUHIHObs-15 1236 1) 5 H T AR RO T ARZH). (a)—(c)DIEH R OWIRIE, $BAIKEFE . GLIZH AR (Ground
Level) TH 5.

Fig. A15 Changes in groundwater level and groundwater temperature at Obs-15. Parameters and periods in panels (a)—(c) are the same as
Fig. Al. GL denotes Ground Level.
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Fig. A16  Changes in groundwater level and groundwater temperature at Obs-16. Parameters and periods in panels (a)—(c) are the same as
Fig. Al. GL denotes Ground Level.
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