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Abstract

The river capture between the Abu river and the Saba river in the western Chugoku Mountains has
been pointed out based on the trace of the middle terrace. The age of the river capture has been estimated
to be between 130 and 85 ka, based on Aso-4 and Aso-3 . However, Aso-4 pyroclastic flow deposits
(pfd) have been found at the low altitude close to the elbow of capture. Then we need to reconsider the
age of the river capture should be constrained by the Aso-4. This study discusses causes and age of the
river capture based on geographical and geological survey. The middle terraces are classified Ma and
MB. The Ma terraces along Saba river are distributed at altitude of 320 to 330 m near the elevation of
the divide in valley (alt. 328 m). These consist of thick sediments. along the Honoki river are composed
of fan deposit (alt. 310 m) and fluvial sediments (alt. 290 m). The M terraces have the relative height
of about 40 m from the recent Saba River bed. On the terrace at altitude of about 50 m below Ma (alt.
275 m), mainstream fluvial sediments, Aso-4 pfd, tributary fluvial sediments and talus sediments were
observed from the lower. The edge of fan deposits near the divide in valley (O surface) are composed
of fluvial to lacustrine sediments. The bottom of Chojagahara (165 ka) lava dome is about altitude of
170 m. From the above, the following findings were obtained.

* The age of the river capture is before the deposition of the Aso-4 pfd.
* The direct cause of the river capture was due to the fan deposits near the divide in valley, which
stored the constituent layers of the Ma terraces.

F—J—F ANEE, AREE, Aso-4 KRRHEEY EESR

Keywords: River piracies, River terrace, Aso-4 pyroclastic flow deposits, Chojagahara
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Probe for Measuring Three-Dimensional Groundwater Velocity without
Borehole
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Abstract

A simple method for directly measuring three-dimensional groundwater flow velocity using
a paper disk velocity probe without using a borehole was developed and evaluated in the
laboratory. Special paper with 1 mm dot circle printed on it is used for the probe. In a
groundwater environment measurement, the dye ink eluted from the printed dots leaves a trail
on the paper. In this study, we attempted to verify groundwater velocity and direction in three
dimensions using two types of its two-dimensional probes: vertical and horizontal. Laboratory
tests showed that the vertical groundwater flow direction determined by the vertical 2D type is
equivalent to the tilt setting of the device with the corresponding RSME is 11.12 degrees. In
addition, the groundwater flow direction for the horizontal 2D measurement results agree to the
device orientation with corresponding RMSE is 12.35 degrees. Moreover, the groundwater flow
velocity measured by the sensor showed a good correlation coefficient of R? = 0.8861 with the
set value ranging from 0 — 0.15 cm/min.

Keywords: Groundwater, Groundwater Environment, Groundwater Flow, Groundwater

Velocimeter, Paper Disk

1. Introduction

Recently, there has been a growing demand for the investigation of groundwater flow velocity. The most
used methods are tracer method which requires multiple boreholes installations. Tracers are the
substances that easily dissolve in groundwater without interference by chemical or biological processes
(e.g., sorption). A Heat Pulse Flowmeter (HPF) with four channels and electrical conductivity detectors
provides centimeter scale readings for depth profiles velocity?. Besides, the point velocity probe (PVP)
rapidly measures direction and magnitude of the water velocity vector within 9% and § at the centimeter
scale in porous media without need of calibration?. Similarly, groundwater-induced cooling was also
presented using closed circulation of heated fluid, it overcame the functional relationship between
differences temperature and groundwater velocity®. In response to this need, a power-free, inexpensive,
and time-efficient measurement probe called Paper Disk Groundwater Velocimeter (PDGVs) has been
developed?. The sensor structure is composed of melamine sponge and printed dot paper sheet. The
PDGVs sensor paper comprises 65mm outer diameter and 29 mm inner diameter centralized with 12
dots where each are 3mm diameter. In addition, the PVC pipe is also required for this type of PDGVs,
at the bottom part of the pipe enclosed with strainer which can facilitate the groundwater flow inside the
pipe and the sensor capable of detecting the flow?. In 2016, the PDGVs sensor paper was enhanced,
resulting in a single dot with a 3mm diameter positioned at the center of the paper. The paper was
manufactured by Maruman with a weight of 126.5 g/m?. This improvement sensor’s paper resulted in
an alignment curve of the relationship between Darcy flow velocity and tailing lengths of giving period
5 and 60 minutes for ranged velocity of 0.3 cm/min -1.5 cm/min®. Furthermore, existing devices can
measure groundwater flow in three dimensions. However, the devices still need boreholes to be
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measured®. For this reason, we developed a small new device with absence of boreholes which can
measure 3-dimensional groundwater flow velocity and direction.

a)
b)

<)

Fig 1. a) 3D model of Micro-Paper Disk Groundwater Velocimeter. The paper disk of M-PDGVs
sensor after measurement is shown in b) vertical 2D type [tilt = 0°] and c) horizontal 2D type
[direction = 220°] x axis and y axis are on the horizontal plane. z axis is vertical.

2. Materials and Methods

2.1. Micro-paper disk groundwater velocimeter

The Micro Paper Disk Groundwater Velocimeters (M-PDGVs) was invented based on the principle of
the paper disk groundwater velocimeter”. The M-PDGVs have two types, vertical 2D and horizontal
2D. These types consist of 1 m extension rod along with paper disk sensor of 29mm x 10mm size for
vertical 2D, 10mm x 10mm size of horizontal 2D and Imm diameter dot for both types. The ability of
these micro types can measure the flow in vertical and horizontal directions.

Table 1 The details of the M-PDGVs vertical 2D and horizontal 2D types

Device Types Materials Dimensions
Paper 10 mm x 29 mm (1 mm diameter dot)
Vertical 2D
Sponge 29mm x 6mm x 10mm
Paper 10 mm x 10 mm (1 mm diameter dot)
Horizontal 2D
Sponge 10mm x 6mm x 29mm (2 units)

2.2. Experiment methods

The purpose is to verify horizontal and vertical velocity and direction with M-PDGVs. A water tank
filled with quartz sand (dso = 0.5 mm) was used for calibration of the Micro-PDGVs (Figure 2). Using
a peristatic pump, groundwater flow was generated in the sand tank.

The horizontal 2D type measure’s velocity ranged from 0 cm/min — 0.12 cm/min and horizontal direction
at -40 deg to 50 degrees in period of 60 minutes. However, the vertical 2D type measurement condition
was undertaken for about 15 minutes period with the measured velocity ranged from 0 cm/min — 0.15
cm/min and vertical inclination at -45 to 45 deg., respectively as omnidirectional and inclinational test.
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These experiments were conducted 5 times for each condition.

Fig 2. The water tank front and top view were used for vertical 2D and horizontal 2D M-PDGVs
experiment.

Table 2. The velocity and direction measured condition in the laboratory experiment for both the vertical
2D and horizontal 2D M-PDGVs.

Measurement Direction Time Mean Tank Velocity (cm/min)
Devices (minute)
Vertical 2D Setting tilt (0°, 15°, 30°, 45°, 0, 0.025, 0.05, 0.075, 0.1 & 0.15
-15°,-30° & -45°) 15
Horizontal 2D Northward Orientation 0, 0.01, 0.02, 0.04, 0.04, 0.08 & 0.12
(-40°, -10°, 5°, 20° & 50°) 60

2.3. Analysis methods

In the analysis phase, the initial step involves the original paper solely with dot ink, which is
subsequently eluted after submerged into the soil. Thereafter, the dot generated a tailing that aligned
with the water flow directions in certain period. The dot and tailing length will be observed under an
open-source image analysis software Image-J for binary tracking were used thresholds. Channel
separation for the experiment includes the Red, Green, and Blue (RGB) colors, the brightness, value of
105 of the red channels, was used for a dot’s detection and the brightness of blue channels and red
channel were used for a tailing detection. The following flowchart illustrates the mechanism.

Fig 3. The channel separation analysis for the scanned paper dot and tailing, where the range of
threshold RT at 150 — 220, the red channel R for dot detection 105 and the maximum brightness B 255.
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The ink tailings area, shown in Fig. 4, are ideally close to an ellipse. Therefore, in order to assess the
quality of the ink tailings, the ratio of the area of the ellipse to the area of the ink tailings was calculated,
with its maximum Feret diameter as the major diameter and its minimum Feret diameter as the minor
diameter; for a, the ratio of the approximate ellipse area to the ink tailings area was 0.9, and for b, in
contrast, the ratio was 0.7.

Fig 4. The quality of tailing length observation at vertical orientation [tilt = (7]; a) 0.9 of the area and b)
0.7 of the area

The quality of tailing length Q is written as using area of the ink tailing 4 and ellipsoid are 4’as below

)]

A
Q= (1)

where,
A= % DFmaxDFmin (2)

The length of the tailing by the eluted ink from the printed dot was identified from the scanned color
image of the paper disk using blue and red channel using machine classification. The longitudinal red
channel’s brightness distributions of the tailings of ink were used to estimate groundwater flow velocity.
The brightness distributions were acquired by the multiple thresholds of the red channel. When the
brightness of the red channel is correlated to the concentration of the ink on the paper, the relationships
between concentration of the ink on the paper and brightness of the red channel (Bg) is written as (3)

C= a(255—-Bg) (0 <Bg < 255) 3)

When the relationships between C and velocity v is written as

dc  dB,  B®
T i
then
_B(®) [dBay "
v=" @

Where: C: ink concentration on paper (g cm™), Bg: brightness of red channel (-), x: distance on
paper (cm), a: coefficient (g cm™), b (t): coefficient (g cm™ s)

3. Result and Discussions

3.1.  Vertical 2D measurement results

Fig. 5a shows the relationship between the tailing length of the vertical 2D type M-PDGV and the
reciprocal of the ink brightness differential. This showed a linear relationship with high correlation
coefficient (R*=0.8861). Fig. 5b shows the vertical inclination direction errors at velocity of 0.1 cm/min
in the range between -45 degrees and 45 degrees.
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Fig 5a. The calibration line of calculated tank (Darcy) velocity v and inverse of the derivative of
brightness of red channel with respect to distance on the paper x; =15 min and 5b. Relationship between
setting direction and error direction of vertical 2D type at velocity = 0.1 cm/min

3.2. Horizontal 2D measurement results

Fig.6a illustrates the regression curve of the horizontal groundwater flow and result. Since there is a
convex curve on the top, the upper limit of measurement is around 0.06 cm/min. Fig. 6b shows the
relationship between horizontal 2D types setting directions and error directions.

0.006 3 a) 1800 5 4
EO00053 e — 3 1200
= 0.004 . L 2 o0
% 0.003 Py 8
= 0002 1 ¢ ¥=-04827x2+0.0911x+0.0007 3 0.0
) ' R2=0.9903 E 600190 150 00 250
= 0001 3 S s
e 0 005 o1 0ls 21800
- ' ' Setting direction [deg.]
v (cm/min)

Fig 6a. The calibration line of calculated tank (Darcy) velocity v and inverse of the derivative of
brightness of red channel with respect to distance on the paper x; t =60 min and Fig 6b. Relationship
between setting direction and error direction of horizontal 2D type [direction = 130°— 22(].

Table 3 provides standard deviation (SD) and root mean square error (RSME) values for horizontal 2D
and vertical 2D measurements. For horizontal 2D, the standard deviation measured was 12.89 degrees,
indicating a range of variability within -40 to 50 degrees based on horizontal orientation. The
corresponding RSME is 12.35 degrees. As for vertical 2D device, the standard deviation of the vertical
direction was 10.25 degrees and RSME was 11.12 degrees.

Table 3 The omnidirectional and inclinational test results of horizontal 2D and vertical 2D groundwater
flow directions measurements by M-PDGVs.

Type Velocity Direction [deg.] Time SD RMSE
[em/min] [mins] [deg.] [deg.]
Horizontal 2D |0.012-0.135 |40, -10, 5, 20, & 50 60 12.89 12.35
Vertical 2D 0.1 Setting tilt 15 10.25 11.12
0, 15, 30, 45, -15, -30° & -45

46



OB EREFERS (2024, No.1)

4. Conclusion

The set of groundwater velocity probes, M-PDGVs, which can measure three-dimensional groundwater
flow velocity without borehole was invented and tested. The velocity probes consistently showed linear
responses to velocities ranging from 0 to 0.15 cm/min. In addition, both horizontal and vertical
directional incline tests revealed that tailing tilt fitted alignment of the sensor inclination. This
measurement emphasized the capability of M-PDGVs in detecting small-scale subsurface water
movements. While the experiments were conducted in laboratory testing, the adaptability and precision
of this probe suggest potential applications in such relevant field environments. This novelty is
applicable in measuring groundwater flow in diverse environments were found to be challenge,
including river embankment, ponds, tidal flat, wetland and micro-scale contamination areas.
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Abstract

We have developed a three-dimensional groundwater current measurement device that does
not require a power source or tracer particles. During the 15-minute measurement, the
elevation and depression angles followed the set angles well at 0.2 cm/min or higher.
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Volcano-clastic deposits on the Susa Bay area: Is the Susa hornfels a caldera?
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Abstract

This article serves as a new insight into the formation of the Susa Group as a result of Miocene
igneous activities related to the opening of the Japan Sea. In addition to the route maps
conducted by 3"-year students of our department during the Fieldwork geology class, we
obtained the following new geological information around Susa Bay area.

1) A scoria deposit is situated on Hira-Jima, and it gradually changes into the tuff breccia.

2) There are thin alternation beds resembling mantle bedding structure around Hira-Jima.

3) Pumice-bearing tuff is overlaid on welded tuff without any gaps on Susa Bay area.

4) There are some tuff breccia dikes in the Tatami-Iwa region.

5) Thin layers of tuff and tuff breccia beds are intercalated with the Susa Group.

6) An unsorted volcanic breccia is underlain by the southern foot of Mt. Koyama.

7) A convex box-like structure obtained from the reflected section is situated below the

seabed off the coast of Susa Bay.

These data suggest that the strata around Susa Bay, represented by the Tatami-Iwa, were formed
as a result of volcanic activity, probably related to the formation of a caldera.

F—TO— & RIEE KIUEHEEY 85 HALTS
Keywords: Susa Bay, Volcano-clastic deposits, Tatami-Iwa, Caldera
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WO NLHIZHOWT, BARYFEOTZAUZ B U 72 KRTESE) & W 9 7z Ze sl K - THIJE -
HWEDORFERREAZFASNIT LI L THD, AFERTIE, FEE, 1A RFHET O S 5H
THELNTN— by TR, ZOROPEICEL > THRLNZEHR L EDOE THERT
DHEZHIRD,

MEPEVE) TR0, @SILZRER T 2B Va7 =)L AR FEEE 7 & HUE O TEAE

& B HIE - HUEEEN S 2 il Th 5, 1k Z oML, Bl O kI E S E A
BAEL L. 206 2 NG Tl R A BREN R E T 5 & sz (RA-Bl, 1975)
R s TR WEES T, 20 MACIIaE~TeaBRIRRBAE L, &&iZELl
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BEALE (14-15Ma) OB A &S, Z oINS BA - B L CBIEDRIC/R o7 L& %
5L TV 72 (Imaoka and Itaya, 2003), Z 9 L7=—@# O HHFIRIZLE S HERE A ORE L
&I EHE LT SRR OB ki, 2B BREDS B AMEDOJERIZEED U 7 MFrEfx O Fetly) &
2D EHLARETH DI, RHALENEIN TS (&4 - 1L, 2009), A EIOREIC XL
ST, FxITLLTOF A Z1GT,
1) ZEBNEOEEEZHRT 5 aIE. 23 72 ERE T 5 kUMY T, (kA
VelE i Tl & SNSRI 2T 5,
2)  CEEENZAT DB ORI ORIRE KM LT [~ "Ry T 4 7] I
BT 5,
3) EEAEMERT DA L& ORRRIIRIE, O ERR I I TSRS KA O AL iA
EEDRIRENRET D,
4 BEEIZIE. Ry NU =2 RS AIROFEEIR Zm T B AME O EEIK A s ot
BT 5,
5) @ILIREOAKEREOBEES B P ICEIKE R E LD,
6) AWK EEE DITIRHERZ 13X U @ U 2 B0 &< X9 ICRIET D,

7) AV OWRER S IZIL, FIhOBEEEREO b b (FERFT — 2 X—2),
1) ~5) ofiEORERIL. FEBRDOME NGO S X 9 U A DTS
P2 B IEDHEREY Tlde <, JRWEES B 2 TERT 5 K 9 Zeiids L= BT i & O il 7 i
B OMHE (B2 5 IBEEED) & & BITKITRENCEE O KIERPZE I BV B 5 7k
g ), & L CE A KL EEIRORSE - A A NAS RSN Z & 2rd, £,
6)& NDiFmLARY &< KO ITHEMEOHIEDSTEAR S L, ZN OB KINEER 2> Tnh 2

L HRIET D,
LLE S B CH 28BN OB X, KILTEBNIHE-> TR S, BaicfiEs
NDEBIEEEN T VT T TERREICHERE LT L HER S D
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1) Imaoka, T. and Itaya, T. (2003): K—Ar geochronology of a Middle Miocene submarine volcano-

plutonic complex in southwest Japan. Geological Magazine, 141, 1-13.

2)  REAFNIE, FRLE (1975) @ ZHEEEE. (LR RS2 P R, 189-195.

3) &P El, ILNEEE (2009) : FIAEROSAA LA B 1 E TR HERE - HEH
¥, BARHME PSR, PAEE, 536p.

4)  PEMRHREEMERSG T — 2 =2 [HZA0)5,
(https://gbank.gsj.jp/marineseisdb/line_map/gh852n4-HakaTa dblist.html).
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