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Abstract

The River Chikugo-gawa alluvial fan is the southwestern-most one among the six alluvial fans that has been
taken up by RHF for detailed study. It comprises of an area where annual precipitation is less than 1,500 mm in a
dry year, and proper water-utilization has been given top priority. Comparing the groundwater level conditions
between 1961 and present day, it is clear that present-day groundwater level is 2-3 m lower in the central part of
the fan. The decreasing trend of groundwater is evident from the drying up of the spring water and decrease in
number of artesian wells. The reasons behind this may include decrease of the amount of groundwater recharges
due to progress of urbanization and consequent increase in groundwater pumping rate among others,

This report is the outline of the hydrogeology in the alluvial fan, its hydrologic cycle, and a water budget.

L Introduction

The R. Chikugo-gawa is the largest river of Kyushu island. It originates in the Kuju volcano (1,787 m) and
emerges on the Chikugo Plain through some intermountain basins. It has a total length of 143 km. The catchment
area is 2,860 km’ (Fig.1). The Chikugo Plain, an agriculturally productive region, covers an area of 620 km’.
Upstream of Kurume is the Ryouchiku Basin, a triangular tectonic basin of 290 km®. Downstream of Kurume is a
coastal plain and delta. The Ryouchiku Basin is surrounded by horst mountains (700-900 m) formed during
Quaternary upheaval. The R. Chikugo-gawa flows through the center of this basin in a westerly direction. The R.
Koishiwara-gawa and R. Sata-gawa, which flow from the Kosyo-Umami mountains to the north, form alluvial fans
on the plain. We call these fans “Chikugo-gawa alluvial fan”. This alluvial fan has been inhabited since the Yayoi
Age. Amagi town on this fan is surrounded by areas rich in spring water. The area was used mainly as a highland
field before 1950. However, since 1950 irrigation networks have been developed. As a consequence, farmland has
been consolidated with increased rice fields and the population has also been increased. Water supply from surface
water sources was inadequate to meet the demands of increasing rice cultivation. Wells were bored, but the fall in
groundwater-level from excess pumping was questioned,
KEYWORDS : Alluvial fan, half-graben rift basin, Pyroclastic flow deposit, “Segire”, Recharge river, Global

warming, Freshwater resources

2. Hydrogeology
2.1 Geomorphology and land use
R. Chikugo-gawa alluvial fan is 12km wide along east to west, with a length varying between Skm (on the

eastern side) to 10km (on the western side) and having gross area of 62.8 km”. The lower terrace along the river is
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lower than the alluvial fan by 2-5m. The alluvial fan is divided into three areas bordering on R. Koishiwara-gawa
and R. Sata-gawa. On the right bank of the R. Koishiwara-gawa, the distance of the fan toe from R. Chikugo-gawa
is nearly 9km and having a gentle slope of 4/1.000. In the area on the east, the fan toe is closer to R. Chikugo-gawa

with a distance of Skm and the slope is steep i.¢. 6/1,000.

Fig.1 Location map

Till 1970s the alluvial-fan surface was used as rice fields or upland farm. Subsequently, dams were built and
maintenance of irrigation network became better. As a result, the rice field area had been increasing every year

(Fig.3). During the last 30 years, these rice fields changed to the upland farm and developed as urban area.
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2.2 Geology
The upstream area is made up of Triassic metamorphic
rocks, Cretaceous granitoids and Neogene volcanic rocks. In

the R. Koishiwara-gawa upstream areas have crystalline

Table 1 Stratigraphy of the R. Chikugo-gawa fan

The present river deposit
Debris flow dep.

Aso—4 Pyroclastic dep. (9.0ka)
Debris flow dep.
fluvial bed~Debris flow dep.
Yufugawa Pyroclastic dep. (60ka)
fluvial bed~ Debris flow dep.

Granitic rocks

schists and granites. While, granites are less abundant in the I;T;?:;::r;
upstream side of R. Sata-gawa. In this way, the rock species §
difTers in both the catchment areas (Fig.4). § E, a;
Unconsolidated sediment spreads thickly on such alluvial CGCJ? 28 g
fan forming on a plain. The alluvial fan is mainly composed of j 29
debris flow deposits, while sand layers and pyroclastic flow g
deposits are intercalated. (Fig.5). On the other hand, on the § ;g
floodplain along R. Chikugo-gawa, sediment is mainly é‘? 2
composed of sand and silt with intercalated gravel beds. There "_E

Metamorphic rocks

are two tephras ie. Yufugawa pyroclastic flow deposit

(hereafter Yfz: 500,000 to 600,000 years ago.) and Aso-4 pyroclastic flow deposit (Aso-4: 90,000 years ago).

Aso-4 is the regional tephra, which erupted from the Aso caldera before the last glacial stage. It is distributed all.
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Fig.4 Geological map

2.3 Hydrogeolgy

As mentioned above, this alluvial fan is having debris flow deposits intercalated with pyroclastic flow deposits.

Gravel bed contains subangular gravel of crystalline schists. It consists of matrix-supported debris flow deposit and

clast-supported re-deposited materials. With respect to Aso-4, the lower layer is well-compacted debris flow

deposit and upper layer is loose re-deposited material.

Aso-4 is outcropped at the fan head of R. Sata-gawa. It is distributed at a depth of 5-15m from the surface and

having thickness of around 10m. It is thickly present in the successions on the left bank of R. Sata-gawa, while it is

often lacking in other areas. Yfg is distributed below 50-70m from the surface and are not laterally consistent.

Even if Aso-4 is not present in some parts there is a significant difference of hydraulic head between the upper

layers and the lower layers. Therefore, it is considered that aquifers are separated by Aso-4, upper one is the first

aquifer and the lower one is the second aquifer (Fig.5). Moreover, basement rock acts as impermeability basement

at the top of the fan. while Yfg forms the basement at the toe of the fan.

2.4 Permeability

The permeability of each layer is summarized in Table 2. The test value of the first aquifer is 2.41x10~ -

7.17%107" m/s, average 3.62x107 m/s, and is taken as 3 - 9x 10~ m/s according to stratigraphic facies. The test

value of the second aquifer is 1.97x107° - 1.00x107° m/s with an average of 2.04x10° m/s, and is taken as 1 -

L1 . P . - . . - .
5%10 " m/s. The single digit hydraulic conductivity of each aquifer differs. Nevertheless, this measurement has

been interpreted directly from the facies. Although the test value has not been determined in Aso-4, about 1x107°
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m/s is presumed by their characters. The silt deposited on the floodplain of the R. Chikugo-gawa lowland has
vielded a test value of 3.80x107° - 7.45x10”° m/s and an average of 5.63x10™° m/s. The gravel and sand are
estimated to be about 1- 510~ m/s. The test value of Yfg is 1.40%10 - 7.65x10°® m/s, average 4.81=10"° m/s and

it is considered to be 510 ° m/s. The metamorphic rocks have few cracks shows lower permeability than Yfg.
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Table 2 Permeability and characteristics of aquifer

Hydraulic conductivily {(m/s) Water quality
Aquifler division Facies
Adaption Tast valua EC iy fon
value ) (nS/n) i concentration
i N 3 Grabel deficient = 5
, 5~20. ~Hed
Present river deposit 5X 10 Thrntasicls H.5~20.0 Car-HOO3
o | Zarxo?~7 7% 10" Low
First aquifer 3~0x 10" bxi ) I., Debris Clow dep. 12. 5~14.5 Ca-HCO3
(Average : 3.62%107)
Fine-grained sccoundary
Aso-1 pyroclastic - sedinent,
L A 110 < .
flow dep. surface are clay-ization
by & weathering
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2.5 Water quality
(1) Hexagonal diagram of main elements

The water quality of the surface water and groundwater that flows through the alluvial fan was analyzed and
seasonal changes were evident from hexagonal diagram. The vertical profile of an alluvial fan is shown in Fig. 6.

In R. Koishiwara-gawa, the water quality at the proximal fan is similar to river water, i.e. CaHCOs-type.
Although, in samples of only the second aquifer the ion concentration increases in the downstream direction as Ca
and Mg ion concentrations increase near in the toe of the fan. In R. Sata-gawa, as the formation of Aso-4 is thick
and consistent, we have sampled from the first aquifer. The water quality is close to the river water of the whole
region and showing CaHCO;-type. In the second aquifer, river water resembles those of the proximal fan, but ion
concentration increases downstream where it is characterized as CaHCO;-type. Water quality of R. Chikugo-gawa
lowland is showing NaHCOj in type. The author assumed that they are in a different groundwater flow system for
each other. The planar distribution of the hexagonal diagram for the first aquifer in a non-irrigating season shows
remarkable CaSO,-type of water at the right-bank of R. Koishiwara-gawa fan. This is particularly so at the toe of
the fan as well as in the central part of the fan on the left bank of the fan. On the other hand, in the floodplain of R.
Koishiwara-gawa and left bank of R. Sata-gawa, CaHCO;-type is more common.

In the R. Koishiwara-gawa during irrigation season in August, CaSO,-types of the water becomes less abundant
and the most of the water are CaHCOs-type on the right bank side near the toe of the fan as well as in the mid-fan
on the left bank of the river. It is apparent that an underground infiltration of irrigation water (river water) occurs.
On the other hand, the flood plane of R. Koishiwara-gawa and left bank of R. Sata-gawa, both show CaHCO;-type
water and poor in seasonal change. From these observations, we assume that river water recharges to the
groundwater every year,
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(2) Stable isotopes

Water was sampled in two seasons (April and August 2006) and analysis is carried out for stable isotope ratios
of "*0 and deuterium. On the R. Koishiwara-gawa, both 6'°0 and 8D are comparatively heavy with respect to
other areas. The upstream area of the R. Koishiwara-gawa is, on average, 46 m higher in altitude than that of the R.
Sata-gawa, and 23 Im higher at their highest points. However, no difference was observed in isotopic ratio near the
present main channels of both rivers. It is assumed that the groundwater recharge after receiving heavy element
condenses by evaporation. However, it is clear from the delta diagram (Fig.13a & b) that seasonal influences differ
in each catchment area.

In the R. Sata-gawa alluvial fan, no difference was observed for two seasons and the ratios are plotted on the
same line of inclination. While in R. Koishiwara-gawa alluvial fan, the inclination of the regression line of both
season differ greatly. The trend in August is observed to be such that concentrations of "0 and 8D are plotted
nearly on the R. Sata-gawa line.

It is shown that isotopic ratio differs significantly in a groundwater-recharge system and groundwater flow
system. On the R. Sata-gawa alluvial fan, it is proved that the river waters are recharged to the groundwater

throughout the year.

[ PNy _ S o Kiver Water .y f g v River Water

(a) April, 2006 (b) August, 2006
* A measuring object is mainly a groundwater of the first aquifer.

Fig.8 Seasonal difference in oxygen isotope ratio

& "ol%) 5100%)
-8.0 -10 -60 -3.0 -40 -80 =10 -60 -50 -40
10 : -10
so=738"0+ 14 -20 dp=888"0+3 -20
R' = 0.5883 RY = 0.5831
L] -30 3 @ \pril =30 3 @ apnl
°® &
2 @®: August =] @ : August
o @ -40 ° um - 9
- .. 0= 7.08"0 44 = ¢ April 80=078"0 43 = Apnl
[ ] RY = 07439 -50 = & August e R*=0.7568 L 50 : August
L -60 -60
(a) delta diagram of the (b) delta diagram of the
R. Koishiwara-gawa alluvial fan R. Sata-gawa alluvial fan

Fig.9 Seasonal change in delta diagram

(ad
sd
N



Review of R.Chikugo-gawa Alluvial Fan (General Remark)

3. Hydrologic Cycle and Water Budget in Alluvial Fan
3.1 Hydrology and Meteorology Analysis

The annual mean temperature of Asakura (former Amagi city) is 16°C (27°C in August; 5°C in January).
However, it is on an increasing trend since 1978. During these 26 years (1978 - 2004), temperature is going up by
1.6°C. The range of fluctuation of annual precipitation is large (980 ~ 2,870mm). Water shortage is produced at a

rate of once in 10 ~ 15 years. A potential evapo-transpiration is calculated to be 870mm (by Thornthwaits method).

3.2 Stream flow and Water Budget of the Main Channel

At the R. Chikugo-gawa catchment area, river runoff rises in the rainy-season (June to July) and decreases in the
winter (December to January). In certain years, it may rise in typhoon season. The Ryouchiku plain region has
little or no snowfall in winter, so, a swell of the yield by snowmelt is not observed (Fig.11).

In the R. Koishiwara-gawa, river runoff decreases toward the mid-fan from proximal fan (Fig.12), and the
"Segire" (lost stream) phenomenon occurred temporarily. On the other hand, in R. Sata-gawa, river runoff
decreased at the top of the fan and "Segire" could occur characteristically. At those "Segire" sections, surface water
is recharged to the groundwater. River runoff increases at the mid fan by the spring water on the right-bank of the
fan (lefi bank of R. Koishiwara-gawa). The change section of such a stream flow is supported also from the profile

of groundwater table of Fig.13.
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Fig. 10 Temperature and precipitation at Asakura

3.3 Shape of groundwater table

The groundwater contour line was plotted by the measurement both surface water level and the water levels of
wells (Fig.13). All isobath lines are harmonic to a geomorphic surface. On the surface of alluvial fan, contours are
convex towards south (harmonious to the surface of the fan), while, contours are concave at the riverbed.

Strictly, the shape of groundwater table changes bordering the Amagi town. In the same area stream flow also
decreases. On the other hand, the axis of the valley has shifted to the left bank of the fan in the upstream of R.
Sata-gawa. It considered that this section acts as groundwater recharge section from the river,

In dry season compared to wet season. the range of fluctuation of groundwater level is measured as 3 ~ 5m. In
the well. which is the source of Kogane-gawa water level change is notable. Water level increases in summer and
falls in winter. In earlier times it used to naturally spring out, but in recent days, water pumped up for the

cultivation of laver (Suizenji-nori; species of red alga).
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Fig. 11 Trend of stream flow

3.4 Potential distribution of the vertical section

The twin observation wells, where groundwater levels of the first aquifer and the second aquifer can be
measured separately, are installed at six places (Fig.14). According to the observation results, water level of the
first aquifer is always higher than that of the second aquifer in the right bank of R. Koishiwara-gawa, at C site, a
clear difference is observed in the water level for both aquifers. The second aquifer falls by 2m during irrigation
season (July~October). On the other hand, in the left bank of R. Sata-gawa, both aquifers have clear difference of
water level at any well site. In particular, G site has about 3m difference of water level through every year. A
difference of water level is set to Sm during irrigation season.

The boundary of both aquifers is made by Aso-4. Therefore, along the R. Koishiwara-gawa with lack of Aso-4,
it is considered that the groundwater is carrying out recharge from the first aquifer to the second aquifer. In R.
Sata-gawa, except for the fan-head and some river sections Aso-4 is distributed widely and it is shown that both

aquifers are separated.
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Fig.14a Fluctuation in groundwater level (right bank of R.Koishiwara-gawa)
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Fig.14b Fluctuation in groundwater level (left bank of R.Sata-gawa)

3.5 Calculation of Amount of Groundwater Recharges

We calculated the amount of recharges from the groundwater level for every land use types (i.e. rice field,
upland farm, urban area etc.). The tank model method was used for calculation of the amount of groundwater
recharges. Kohara et al., (in this .Monograph) has the details of calculation by change of a land use and a review of

the amount of groundwater recharges by a tank model.
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3.6 Construction of Groundwater Flow System Model and simulation of Present Condition

Visual MODFLOW (The USGS development) was used for the dissection. Moreover, the basic equation that
governs former groundwater flow system is based on the following equation.

The aim of simulation study is to find out fluctuation of the groundwater level and condition of groundwater

table.

i(.fc.Q}EJ%—a- k‘.@ +£[lc_@}ﬂ?:§ﬁ
ox dx) ay\ "oy) oéz\ "oz ot

#: Total head, : Time, k: The hydraulic conductivity of the direction x, y, z

R: Pumping/the amount of spring water, S: Storage coefficient

3.7 Water Budget of Alluvial Fan
Fig.15 shows the yield of each constituent by the analysis result. The yield that emerges on the surface from an

aquifer was made into the surface runoff. We have estimated about 400 million m® runoff per year.

3.8 Water Budget of Alluvial Fan by
Future Climatic Change

For climatic-change prediction the pro-

posed values of RCM20 (by Meteorological
Agency) has been considered and discussed ; C Paddy field
e ‘
the water budget expected under the % S’“"’“*’*‘“ o
= e £ Recharge R
conditions. The boundary conditions for the g [ 710 e e
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present case are taken as the range used for 2 (2]
. - v i = Aguifer
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Table 3 depicts the assessment of impacts -
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pertaining to the climatic changes between

2031-2050 and 2081-2100.

m

Runoll

Unit: % 10°m%/day

#The net paddy field consists of dry fields and urban areas.
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Fig.15 Conceptual diagram of water balance in 2007 (present)

Table 3 Condition of prediction cases I1. [l and 1V

Prediction Case Land use Climate condition| Target year
I 1997 1957~1961 1961
m 1997 2046~ 2050 2049
\% 1897 2096~2100 2097
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4. Conclusion

The R. Chikugo-gawa alluvial fan is the southwestern-most among the six aliuvial fans studied by RHF group. It
comprises of an area where annual precipitation is less than 1,500 mm in a dry year and strict water-utilization
policies are given top priority.

Compared to groundwater level in 1961 the present day tevel is nearly 2-3m lower at the central part of the fan.
The trend of the fall of groundwater, as evident from the drying up of spring water and decrease of number of
artesian well, is supporting this fact.

Reasons for decrease in the amount of groundwater recharges may lie an the progress of urbanization and
increase in groundwater pumping rate.

Generally, with the rise of temperature in fisture the amount of evapo-transpiration and river runoff will increase
due to change in the rainfall pattern, while the amount of recharge to the groundwater is expected fo decrease.
Additionally, further demand for “fresh water” is expected due to the improvement of the human life and the
change in the industrial pattern.

Therefore, it is important to understand that the river and the groundwater are interacting with each other. And, it
is advisable to manage the river water and the groundwater in a unified manner in order to utilize effectively the
groundwater, which is stable freshwater resource. To do all these, it is of utmost importance to characterize the

hydrogeologic structure of the Chikugo-gawa alluvial fan properly with its groundwater-flow conditions.
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Abstract

The Ryouchiku Basin is & half-graben rift basin formed by faulting in cast-west and northwest-southeast
directions. Alluvial fans are formed in the gap between the outlets of the R.Koishiwara-gawa and the R.Sata-gawa,
Alluvial fans are an important of agricultural production. We studied the hydrogeological setting of the fan to
discuss groundwater use accompanying a climatic change, In the alluvial fan there are two geomorphic surfaces,
Alohg the rivers, the lower terrace which dissected the old geomorphic surface is identified. Amagi town was
established on the fan toe of new alluvial-fan surface I1. Spring water has played an important role in development
of the area. The aquifer of the alluvial fan is bisected by Aso-4 pyroclastic flow deposit which exists 10-20 m
underground. Along main rivers, Aso4 i lackin:g, and it can recharge the river water to aquifer II directly. Such a
hydrogeological structure can also explain the stream lost called "Segire"(see Ichimaru et al., in this Monography).
KEYWORDS : Chikugo-gawa alluvial fan, half-graben rift basin, hydrogeological structure, Aso-4 pyroclastic flow
deposit, “Segire”

L. Introduction

The R.Chikugo-gawa alluvial fan is located in the northern Kyushu disirict, where annual precipitation is
about 1,500-1,900 mm. The study area is a non-snowpack region where snowfall melts immediately. A rich
forest covers the upstream area of the alluvial fan, and has played a role as a water conservation forest. This
alluvial fan has been inhabited since the Yayoi Period. However, it has recently undergone land-use reform. The
area was used mainly as an upland field before 1950, but since then irrigation networks have been developed,
farmland has been consolidated, and rice fields and the population have increased. Water supply through only
surface water was inadequate to meet the demands of increasing rice cultivation. Wells were bored, but the fall in
groundwater-level from excess pumping was questioned. This paper reports the results of a study of the
hydrogeological structure of the R.Chikugo-gawa alluvial fan, which is regarded as essential to understanding

and planning future water use in the area.

2. Geomorphology

The R.Chikugo-gawa is the largest river of Kyushu island. It arises in the Kuju volcano (1,787 m) and has a
length of 143 km, reaching the Chikugo Plain through some intermountain basins. The catchment area is 2,860
km? (Fig.1). The Chikugo Plain, a productive grain-producing region, covers an area of 620 km®. Upstream of

" Kurume calls the Ryouchiku Basin is formed to the triangular tectonic basin of 290 km?. Downstream of Kurume

* Yachiyo Engineering Co., Ltd., ** Ministry of Land, Infrastructure, Transport and Tourism,
¥ Fynshu Chishitsu Consultants Co., Ltd., *##¥ Niitetsu Mining Consultants Co., Lid.
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formed a coastal plain and delta.

The Ryouchiku Basin is surrounded by horst mountains (700-900m) which formed uplifting in Quaternary age.
The R. Chikugo-gawa flows through the center of this basin in a westerly direction. The Rivs. Koishiwara-gawa
and Sata-gawa, which flow from Kosyo- Umami mountain to the north, form alluvial fans at a gap outlet. Both
alluvial fans cover 63 km>, and are called the R.Chikugo-gawa alluvial fan (Fig.2). Fan head are 60-65 m high,
and the alluvial-fan surface has a gradual slope of 4 to 6/1,000. In an alluvial fan, two geomorphic surfaces (l:
old. II: new) are identified, and spring is located on the Yorii-Amagi line (Fig.2) at the fan toe of alluvial-fan
surface 11. Downstream of the Rivs. Koishiwara-gawa and Sata-gawa, where the lower terrace was 2-5 m lower
than the alluvial-fan surface 1. A difference in level is as clear as on the toe-of-fan side. On the left bank of the

R.Sata-gawa, the former-river-course surface I' is lower than 1.

Fig.1 Qutline view of the Ryouchiku basin

Photo 1 Erosion scarp of a fan toc. (a lotus paddy field is in foreground)
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FFig.2 Geomorphological regionalization

The alluvial-fan surface is divided into three by the R.Koishiwara-gawa and R.Sata-gawa. The right-bank of
R.Koishiwara-gawa forms a fan head. The distance from the fan head to the fan toe declines by 9km, altitude
declines from 55 to 15 m, and average gradient is only 4/1,000. On the left-bank of R.Koishiwara-gawa
(right-side of R.Sata-gawa), the distance from the fan head to the fan toe declines by 6 km, altitude from 55 to 20
m. and average gradient is 6/1,000. On the left side of R.Sata-gawa, the distance from the fan head to the fan toe
declines 5 km, altitude from 50 to 20 m, and average gradient is 6/1,000. Such a difference is the result the
R.Chikugo-gawa eroding the scarp of the fan toe. The height of the long erosion scarp is only 3-5 m above the
level of the R.Chikugo-gawa on the west side. However, on the east side near the R.Chikugo-gawa, the fan toe is
retreating through erosion. As a result, the eroded scarp is about 10 m height (photo 1).

At the fan head, the lower terrace and alluvial fan surface along the R.Koishiwara-gawa are almost the same
height. Downstream of the center of the alluvial fan, the height difference is 2-3 m. In the R.Sata-gawa. the
height difference at the fan head is 1-2 m. and at the center of alluvial fan the height is 3-4 m. The scarp height

increases large further downstream.
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3. Land use and spring water

In R.Chikugo-gawa alluvial fan, the site of Hiratsuka Kawazoe ruins were settled during the Yayoi Period, and
has been occupied ever since. At present, the alluvial fan has been used for ricefields or converted to upland
farms. When the upland farms and forest spread, ricefields became restricted to the lowland along a main river
(Fig.4). In the 1960s, irrigation-water networks progressed, such as dam construction and sinking of wells. At the
same time, the alluvial-fan area was converted rapidly to ricefields (Fig.3). Then urban areas expanded, drink
and chemical manufacturing became established and ricefields were converted to upland farms through a policy
to reduce rice acreage. As the result, ricefields gradually decreased.

Spring water is distributed along the route-386 passing through Amagi (F ig.2). Urban areas have developed
around sources of artesian spring water, and ricefields spread downstream. Pumping of spring water to maintain
supplies of irrigation and factory reduces groundwater level threatens the supply of artesian spring water. At the
R Kogane-gawa, which is the source of spring water on the left bank of the R. Sata-gawa, the laver of red algae

is cultivated. The demand for artesian spring water declines after the rainy season.

o yaior ditche

Fig.3 Irrigation-water network in alluvial fan
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Fig.4 Land-use changes (1904, 1941, 1996)
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4. Hydrogeology

In upstream area of fans, Triassic metamorphic lable | Stratigraphy of the R.Chikugo-gawa fan
rocks and  Cretaceous  granitoid  intruding T The present Fiver deposit
metamorphic  rocks are  distributed  widely. P'E'Stoce"f_ Debris flow dep.

[+
Pliocene-Pleistocene volcanic rocks are distributed . § Aso-4 Pyroclastic dep. (9.0ka)
. .. . . ol | @ Debris flow dep.
a.5. Fig.6). the R; hiku Basin, these rock Rl s : .
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O|lZ] o ; 4
. o y ) <] fluvial bed~Debris flow dep.
The Ryouchiku Basin is half-graben rift basin =

formed by  faulting in  east-west  and
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flow deposits and sediments of flood plain - marsh.

These sediments are sandwiched to regional tephras, Metamorphic rocks

Mesozoic
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such as the Yufu-gawa pyroclastic flow deposit

(hereafter Yfg) and Aso-4 pyroclastic flow deposit
(Aso-4), and are covered with a river deposits. Debris flow deposits dominate the alluvial fans, and flood plane

deposits. The stratigraphy of the R.Chikugo-gawa fan is shown in Table 1.
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4.1 Fan deposits

The debris flow deposits are matrix supported, thickness is 20-250 cm. Rarely, a sand stratum of several
centimeters or less may be inserted into a boundary (Table 2 and 1a). Grains form a subangular - angular gravel,
and there is also a horizon in which rounded gravel is mixed. However, in alluvial-fan surface Il, the gravel is
loose compared with the lower debris flow deposits.

The gravel composition of a surface outcrop includes a granitoid gravel on both banks of the R.
Koishiwara-gawa, but not included on the left bank of R. Sata-gawa (Fig.7). In the fan surrounded by the
Koishiwara and R. Sata-gawa, this shows that the sediment originated from the R. Koishiwara-gawa. The same
result has been obtained also from determination of the matrix composition.

On the downstream side, thin silt and sand that often form flood plane deposits are distributed from the center

of the alluvial fan (I1b). River-bed gravel rich in pores is distributed in the river channel of the main rivers, (1c).

4.2 Sediment of the R.Chikugo-gawa lowland

In R. Chikugo-gawa lowlands, floodplain deposit is a subject, consisting of an organic silt and a well sorted
medium-grained sand (2a, b), intercalated with coarse sand layer contained rounded volcanics (2¢) and schist.
The former sand layer originated from the R. Chikugo-gawa upstream area on the east, while the latter gravels of

schist and volcanics are originated from the upstream area of the alluvial fan.
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4.3 Pyroclastic flow deposit

Yfa is a gray pyroclastic flow deposit which erupted 80 km east of the R. Chikugo-gawa 500,000 to 600,000
years ago, and has a biotite crystal characteristic (3a). This pyroclastic flow deposit is distributed about 50-70 m
underground on the Ryouchiku Basin. It is assumed to be lacking in the former river channel, because
distribution is not observed in some columnar sections. Aso-4 is the pyroclastic flow deposit that erupted 90,000
years ago, and it has an amphibole characteristic (3b). The primary Aso-4 is dark gray, but some Aso-4 are

gray-russet because it is a secondary sediment. Although Aso-4 is distributed 10-20m below in the surface on the

R. Koishiwara-gawa right side, but it is lack in some places (Fig.8).

Table 2 Characteristics of typical facies

Facies

Characteristics

Picture

Alluvial fan deposits

1a Debris flow

Matrix support,

A composition gravel and matrix grains §

deposit are a subangular - angular gravel,
well compacted.
With a 15 cm or less-thick granule
1b Silt. mixture silt. A fine sand is at 3 cm or less

Sand thin layer

in thickness.It is frequently inserted into a

debris fow deposit.

l¢ River-bed-gravel

It is distributed along the present

river bed.

The gravel which is deficient in a

matrix and is rich in a pore.

Floodplane deposits

2a Organic silt

Silt contained a plant piece.
Gray - dark gray.
Sand particle is included.

2h Medium-grained

sand

Well sorted.

It contains feldspar and colored

minerals of the volcanic-ash origin.

2¢  Coarse  sand

contained a rounded

The coarse sand contained a volcanic

gravel.
A schist gravel is not included.

Pyro

progresses.

Generally it is in gray. At the nature |

lamina of a silL. it 1s russet.

gravel
B A pumice and a biotite are included
§ JaYlg characteristic. [
o Well compacted. and gray color.
2
z
= A pumice and an amphibole are included
o characteristic.
Z It is a secondary sediment, A lamina
= |3b Aso-4 . )
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4.4 Structure of an alluvial fan deposit

An alluvial fan deposits which layer of 1 m or less with a stratified structure, intercalated with several
centimeters of thin, fine-sand layers. In detail, it is regarded as the retempering of a cut and fill structure. Aso-4
is one of the important key beds, showing the structure of a secondary deposit. It was often removed by the
gravel of the upper layer. Main areas of removal range along the Koishiwara, Tachiarai and R. Kusaba-gawa
(Fig.8}. The range is narrow although it js partly lacking also along the R. Sata-gawa. Y{2 are also broadly
distributed with a secondary sediment, and eroded out. According to the section that crosses the
R Koighiwara-gawa, a lower stratum was removed and the upper stratum was filled. Moreover, according to the
geological profile along the direction of dip, it is considered that the sediment of an alluvial-fan IT surface has
covered the sediment of an alluvial-fan I surface, at the top heading of an alluvial fan. The distribution of the
geomorphologic features slope and spring-water is a possible reason, which is also supported by Fig.2. The
erosion scarp of the alluvial-fan I surface, from which it is distributed over both banks of the R.

Koishiwara-gawa, cannot be observed from Amagi town upstream.

4.5 Aquifer and permeability

Aso-4 is a tephra from before the last glacial stage, and is not preserved in its primary form in the alluvial fan,
although traces of it can be seen clearly on the fan surface (Fig.9). These traces are secondary deposits of the
tephra. The surface weathers in a fine-grained, clay-forming process, and a difference in hydraulic head is
observed in the upper and lower aquifer. In this way, the upper aquifer has become aquifer I, and the fower,
bordering on Aso-4, is classified as aquifer II. However, along the R. Koishiwara-gawa and R. Tachiarai-gawa,
Aso-4 has often been reduced by erosion. The basement rock, which consists of schist, appears in the upstream
side of the alluvial fan, and is considered to be impermeable. On the downstream side and along the R.
Chikugo-gawa, the basement rock cannot be confirmed even at a depth of 70 m. Although Yfg lacks continuity,
it has low permeability compared with a debris flow deposit. Yfg regards it as impermeable basement from the
reason that it is frequently attend with silt particle.

The permeability of each layer is summarized in Table 3, based on the permeability test at the time of drilling
the groundwater monitoring well by the Ministry of Land, Infrastructure and Transport. Although the test value
has not been established from the present river deposit material, it is presumed to be about 5x10~*m/s from the
characteristics of the material, '

The test value of the first aquifer is 2.41x10%-7,17x10" m/s, average 3.62x10*mys, and is taken as 3-9x10™
m/s according to stratigraphic facies. The test value of the second aguifer is 1.97x10°%-1.00%10m/s average
2.04x10°° mfs, and is taken as 1-5x10”m/s. The single digit hydraulic conductivity of each aquifer differs.
Nevertheless, this measurement has been interpreted directly from the facies. Although the test value has not
been determined in Aso-4, about 110 7m/s is presumed from the characteristics

The silt deposited on the flood-plain of the R.Chikugo-gawa lowland has acquired a test value of

3.80%10%-7.45%10° m/s and an average of 5.63x10°° mfs. The gravel and sand are contained, and can be
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considered to about 1-5<107 m/s.
Because the test value in Yfg is 1.40x10°-7.65%10" m/s .average 4.81x10"° m/s, it is considered to be 510"
m’s.

The metamorphic rock has few crack, it is a low permeability from Yfg.
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Table 3 Permeability and characteristics of aquifer

{lydraulic conductivity (m/s) ¥ater quality
Aquifer division Facies
Adoption Tost value EC type fon
value {@S/m) concentration
Present river deposit sx10™ - Gra.bEI det";c'wl:t 8. 5~20.¢ Ca~lICO3
in a matrix
A1 X107 17% 10! Low
First aquifer a~axia’ 2AIX10 117 ]4 Debris flow dep. 12,5~14, 3 Ca~lCO3
fAvernge 1 362X 10°7)
Fine-grained sccaundary
Aso-4 pyreclastic 1% 1075 . sediment, _ _
flow dep. surface are clay-ization
by a weathering
5 | LoTxie~r 0010 Debris flow dep. Ca, Mg-1iC03
fi ~ 3 . ? L 1~32. .~ e
Secoud aquifer I~8x10 (Average : 2.04%10°°) wel | compacted 12.1~32.6 Ca-HCOy N
¥4
-y
Flogd-plain dep. of A 80X 10°~7. 45%10° Organic silt, .
R, Chikugo-gava 1~EX 10 (verago : 5, 63X 10°) River bed gravol 18.0 Na-HCD3
. — -t | Fine-grained secoundary
awa pyrocla ADX 10 ~7, 65X 107
Y"f"'”:lawmd‘:"ﬂ’s“c sxip® | A0XI0 AT Gex 10 sedinent, 25.7~30.0 |  ca-itco, _
P- (Average : 4,81X107) Oraanie silt High
Metamorphic rocks Ex 10 F - Pelitie Schist - -

5. Conclusion

® The slope of the alluvial fan on the left bank of the R. Koishiwara-gawa has a gradient of 4/1,000, and the right
bank 6/1,000. The R. Koishiwara-gawa is eroding the surface of the alluvial fan as it flows south. At the same
time, the R. Sata-gawa flows to the western edge of an alluvial fan. The slope of the fan surface is 6/1,000. The
fan toe has formed into a scarp by the erosion of the R. Chikugo-gawa.

#Springs are located along the Yorii-Amagi line and at the tip of the R. Sata-gawa alluvial fan. The former
appears to be toe-of-fan spring water on the alluvial-fan surface 11 which forms a blanket on the alluvial-fan
surface |. Spring water played an important role in the development of urban areas and early ricefield
development. At present, artesian flow does not occur and springs serve as wells or reservoirs. Although only
small quantities of spring water are derived from erosion scarps, if a lowland frontage turns into a marsh, it is
used as a lotus paddy field.

#0n the other hand, *Segire” is occurring in rivers, but not to a serious extent in the R. Koishiwara-gawa or R.
Kusaba-gawa. According to the history of Amagi, it has occurred since 70 years ago. times and is considered to
be a natural phenomenon of the R. Chikugo-gawa alluvial fan. Segire is important when considering the
relationship between river water and groundwater.

®Aso-4 is continuously being formed under an alluvial-fan surface. Its formation from a debris flow deposit

from means its permeability is low. Therefore, Aso-4 has played an important role in dividing an aquifer into two
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layers. On the other hand, along the former river course on the right bank of the R. Koishiwara-gawa and R.
Sata-gawas, Aso-4 is lacking. Accordingly, upper and lower aquifer touch and the river water recharges the
aquifer II directly.

#0n the upstream side, distribution of metamorphic rocks is shallow from the center of the alluvial fan, and the
rocks are considered to form an impermeable basement. Yig has low permeability compared to the upper and
lower strata, is distributed on the downstream side. The Yfg is often lacks of its continuity in the ground, but

always ac&ompanied with silt beds, therefore it can be regarded as the formation that regulates groundwater flow.
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Abstract

To understand the state of a groundwater flow system, we discuss the groundwater flow system based on
observations of hydrogeological structure, hydrology and meteorology. and from a well survey and a water quality
analysis. According to groundwater observation records, groundwater level of the first aquifer is higher than that of
the second aquifer. Irrigation increases levels of both aquifers. Precipitation is concentrated in the rainy season
(June to July) every year. In the other seasons, the outflow of a dam decreases and river water also decreases and a
““Segire”™ phenomenon is generated. It is clear that differences occur in groundwater recharge, groundwater flow
system in the R.Koishiwara-gawa. These observations were by analysis of the results for water quality and stable
isotopes.

KEYWORDS : Aquifer, Groundwater table, Recharge river, Hydro-geological structure, Stable isotope

1. Introduction

In the catchment areas of the Koishiwara and R.Sata-gawas, a relatively wet area in northern Kyushu, annual
precipitation is 1,870 mm. In order for a catchment area to be sufficiently narrow (50 km? or less) , and flow
through an alluvial fan, “Segire”(see, Ichimaru et.al., in this Monograph) has occurred except in a wet season. The
Egawa Dam and the Terauchi Dam were built in the 1970s to increase water available for domestic and industrial
use. During short droughts irrigation water ran short when the area of ricefields expanded. To compensate for this
shortage, water was drawn from shallow wells. Factories and large commercial operations also pumped water from
wells, with the result that groundwater levels fall.

In this situation, it is important to grasp the relationship between river water and groundwater in an alluvial fan,
Therefore, a field study and water quality analysis were conducted and the relationship between a groundwater

flow system and river water was analyzed.

Fig.1 External view of the Chikugo-gawa alluvial fan

* Yachivo Engineering Co.. Ltd.. ** Kumamoto University
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2. Water budget
2.1 Analysis of hydrological condition
and meteorology

The annual mean temperature at
Asakura (former Amagi) is [15.5°C.
During 1978 to 2007 it has increased by
1.7°C. Annual precipitation ranges widely,
from 980 to 2,870 mm.

Over this period, monthly mean air
temperature was maximum (27.0°C) in
August (summer), and minimum (4.5°C)
in  January (winter) (Fig.2). Peak
precipitation is in the rainy season (June
to July); winter is the dry season.
However, depending on the year, a peak
can also occur during the typhoon season
in autumn. Drought occurred three times
from 1976 to 2006, in 1978, 1994 and
2005, as a result of extremely low
precipitation in the rainy-season. Potential
evapotranspiration (estimated by the

Thornthwaite method) is 850 mm.
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Fig.2 Temperature and precipitation at Asakura

2.2 Stream flow and water budget of a main channel

Mean annual teaperature(C)

In the R. Chikugo-gawa catchment area, stream flow reflects seasonal change in precipitation. It increases

during the rainy season (June to July), then declines until winter (December to January). Stream flow may increase

in the short term during the typhoon season in autumn. Because winter snowfall rarely forms a continuous snow

cover, the spring snowmelt does not increase stream flow (Fig.3). Discharge of the R. Chikugo-gawa main stream

peaks in the rainy season at 0.13 m*/s/km”, then decreases to 0.02 m*/s/km’in the dry season. Discharges of the

Rivs. Sata-gawa and Koishiwara-gawa are 30-80% and 20-70%, respectively, of that of the R.Chikugo-gawa.

During a period without irrigation at the R.Koishiwara-gawa, stream flow decreases from the center to the fan

head. and increases near the fan toe (Fig.5). At the downstream side of a decline section, stream flow stops

temporarily. At the R.Sata-gawa, stream flow decreases except near the fan toe. Therefore, stream flow stops for a

long period except for the wet season. The same trends are shown also during irrigation. “Segire” is considered to

be a natural phenomenon dating from a historical fact.km”

fed
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2.3 Groundwater table

Chikugo-gawa alluvial fan contains many shallow wells. We investigated in which wells and water sampling
were possible (Fig.6). Measurements were carried out in April and November during a period without irrigation,
and in August during an irrigation period.

These measurements showed that the profile of the groundwater table of the first aquifer matches the
geomorphic surface. In an alluvial-fan surface, the geomorphic surface has a ridge on the downstream side and
forms a valley along a river channel (Fig.7). In detail, along the R. Koishi-kawa, the surface forms a ridge on the
downstream side near to Amagi town, and spring-water is located around urban areas. Downstream from Amagi,
contour lines form a valley. Spring water does not flow into the R.Koishiwara-gawa, but flow into the
R.Futamata-gawa or R.Jinya-gawa, and declines. Therefore, the R.Koishiwara-gawa serves as a decline section of
the streamflow except for part of the fan toe during a dry season. On the upstream side of route 386, the valley axis
has shifled to the left bank side, and matches the decline section of the stream flow. Discharge increases on the
downstream side of route 386.

Water level has 3-7 m difference in wet and dry seasons. In the R. Kogane-gawa source on the left bank of the
R.Sata-gawa, water level changes greatly. Although spring water flow is high in the wet season, it falls by 5 m or
more in the dry season. At recently a groundwater level falls by pumping.

The groundwater table in 1961 (Fig7b) near the center of the alluvial fan was 2-3 m higher than in August, 2006

(1961:the measurement season is not known).
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2.4 Fluctuation in groundwater level
In order to grasp the seasonal fluctuation of groundwater level, observation wells were newly installed at eight
places (Table 1, Fig.8). Five of these were twin abservation wells so that groundwater level of the first and second

aquifer could be measured separately.
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In an observation well, groundwater level of the first aquifer is always higher than that of the second aquifer

(Fig.9). Groundwater is shown to have permeated below.

Table 1 Details of observation wells

Ground level Length
Site Bore No. Aquifer The position of screen
of bore(EL.m) (m)
No.A-| n 49453 32.0 lower part from 16m.
No.A-2 I 49.21 10.0 All the sections
E g,, No.B-1 I 31.38 40.0 lower part from 16m.
;E:’ é No.B-2 I 31.36 10.0 All the sections
£ 2 [ Nocu I 16.81 500 | lower part from 19m.
é 5 No.C-2 I 16.81 10.0 All the sections
No.D-1 I 32.85 40.0 lower part from 16m.
No.E-1| ] 15.10 65.0 lower part from 33m.
- No.F-1 Il 41.53 25.0 lower part from 17m.
Z 5 | NoF2 I 41.55 10.0 | All the sections
g %ﬁ No.G-1 I 33.83 70.0 lower part from 27m.
g : No.G-2 I 33.84 10.0 All the sections
No.H-1 I 18.11 55.0 lower part from 20m.
“ Mealoishi
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Fig.8 Sites of observation wells
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3. Groundwater flow system — water quality
3.1 Hexagonal diagram of main elements

The water quality of the surface water and groundwater that flows through an alluvial fan was analyzed, and
seasonal change was considered by a hexagonal diagram. A vertical profile of an alluvial fan is shown in Fig.10.

In the R.Koishiwara-gawa, groundwater quality resembles that of river water on the fan head: the water type is
characterized as Ca-HCO;. On the downstream side, although only the second aquifer was sampled, total ion
concentration increases, and Ca and Mg ion concentrations increase near the fan toe.

In the R.Sata-gawa, groundwater quality of the first aquifer resembles that of river water; the water is Ca-HCO;,
In the second aquifer, groundwater quality resembles that of river water on the apex-of-fan side, and ion
concentration increases at the toe of fan. The water is Ca-HCO; at any point. In the R.Chikugo-gawa lowlands, the
water becomes Na-HCO;. Therefore, a different groundwater flow system is suggested.

According to the plane distribution of the hexagonal diagram in the first aquifer, in the fan toe of the
R.Koishiwara-gawa right-bank area and the center of the left-bank, Ca-SO, water predominates during periods
without irrigation. In contrast, Ca-HCOj; water predominates on the river plain and the R.Sata-gawa left-bank area
of the R.Koishiwara-gawa.

In August during irrigation, the proportion of Ca-SO, water decreases and Ca-HCO; water increases at the
right-bank fan toe and the left-bank center of the alluvial fan of the R.Koishiwara-gawa. This observation reflects
the permeation underground of irrigation water (river water).

On the flood plain of the R.Koishiwara-gawa and left bank of the R.Sata-gawa, seasonal change of water quality
is minor, it is the Ca-HCO; type every year.

From these observations, we assume that river water recharges groundwater each year.

Legend , ... Alluwial fan Alluvialfan
- B3 grav?lly bed [EHE Pyrorflastlc dep. gorface I surfac&ll o
@ | fluvial bed debris flow dep. a If L )
50— B silty bed B basement e %; & - e 5
R Chikugo 7’ - = s
o 1 — ‘ o 4 i
0 PRI o s Legend 0
==y o)
. B DR,
e/l X310 1 2 3 mrl
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i W surface I E,l{]%"" m
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Ny

(b) S section (R.Sata)

Fig.10 Geological profile and hexagonal diagram
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3.2 Stable isotopes

We sampled water in two seasons (April and August 2006), and analyzed stable isotope ratios of oxygen and
hydrogen. On the R.Koishiwara-gawa, Oxygen and hydrogen isotopes are heavy compared with other area.

The upstream area of the R.Koishiwara-gawa is, on average, 46 m higher in altitude than that of the R.Sata-gawa,
and 231 higher at their highest points. However, no difference was observed in isotopic ratio near the present main
channels of both rivers. It is assumed that as the factor, the groundwater recharge after receiving heavy element
condenses by evaporation.

However, it is clear from the delta diagram (Fig.13a, b) seasonal influences differ for each catchment area.

On the R.Sata-gawa alluvial fan, the terms do not differ and the regression lines have the almost same slope. But
on the R.Koishiwara-gawa alluvial fan, the slopes of the regression lines of both terms differ greatly, and the
regression line for August the trend for a leaning to gentle rather than that in April. This result suggests that
evaporation has a marked influence on infiltration of irrigation water.

It is shown that isotopic ratio differs significantly in a groundwater-recharge system and groundwater flow

system. On the R.Sata-gawa alluvial fan, it is proved that the river recharge the groundwater through the year.

Legend
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Fig. 12 Seasonal difference in oxygen isotope ratio
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3.3 Characteristics of groundwater flow system

The R.Koishiwara-gawa is regarded as typical alluvial-fan river in which the characteristics that a streamflow
continues decreasing. In alluvial-fan [l which extends from Meotoishi to Amagi town, the profile of the
groundwater table assumes a ridge downstream. A group of springs is distributed over Amagi town (Fig.14). At
present, artesian flow from these springs is rare, even during the wet season. Even in August, groundwater level is
in tens of centimeters below the surface, and in April falls to 3-7 m below the surface. Groundwater level in 1961
was higher than in August 2006, and it seems that artesian flow occurred in 1961,

The profile of the groundwater table of an alluvial fan extends to the downstream side as a ridge, and along an
active channel it becomes valley.

R. Tachiarai-gawa emerging from near the center of the alluvial fan dissects the alluvial-fan, and it is a river in
which a streamflow increases. On the R.Sata-gawa alluvial fan, the groundwater table ridge runs through the
central, on the east side, and groundwater flows to the south and gushes in the erosion scarp of the fan toe. On the
left bank of R.Sata-gawa, former river bed and valley of groundwater table are in agreement, and it has become a
cause of the "“Segire™". That is, streamflow decreases on the upstream side rather than in the central of the alluvial
fan. Groundwater recharged in these sections flows along the former channel and returns to the R.Sata-gawa after a
while. R. Kogane-gawa which made the springwater the origin, "suizenjinori"(a species of a red alga) is cultivated.
At present, a spring water is not drawn except for a time during the wet season, and the river is moistened by
pumping from the well. Streamflow increases on the downstream side of the center of the alluvial fan, from water
supply from the R. Koishiwara-gawa.

Fig.14 is a schematic diagram of the groundwater flow system in the first aquifer. A significant difference in the
flow direction of a groundwater was not observed in April and August, The flow in 1961 is also the same.

Water quality of the first and second aquifers is almost identical. The hydraulic head of the first aquifer is higher
than that of second aquifer. Therefore, it is considered that there is a descending current to the second aquifer.
Therefore, if the groundwater use of the second aquifer increases, it will draw groundwater from the first aquifer.

As a result, it is considered that groundwater levels will fall further.

Legend
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Fig.14a Flow direction of groundwater (1961)
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4. Conclusion

Mean annual precipitation of the study area is 1,870 mm {range 980-2,870 mm). The precipitation ig
concentrated in June fo July, and water shortage occurs once in every 10-13 year intervals. The dependence on
groundwater is high during drought,

Decreases in streamflow in an alluvial fan are caused by a “Segire”. This natural phenomenon has important
implications for a groundwater recharge. “Segire” occurrad before a dam and an irrigation network were
construction.

The water level of the first aquifer is always higher than that of the second aquifer, In areas lacking Aso-4,
groundwater is always supplied from the first to the second aquifer. As a result of an increase in ricefields after the
development of irrigation networks, water recharge from a ricefield is large during the irrigation season. Pumping
from wells to compensate for water shortage during drought has strongly infivenced groundwater level,

The profile of groundwater table is similar during periods of irrigation or no:irrigation, and also little change is
observed in the groundwater flow system.

In an alluvial fan, groundwater is recharged from the river or from upstream area. By the time groundwater
arrives at the fan toe, some groundwater will have returned to the river. However, most groundwater passes

through an alluvial fan and supplies the lowland of the R.Chikugo-gawa.
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The Water Balance of Chikugo-gawa Alluvial Fan
And Future Forecast Using the Numerical Simulation Model
KOHARA Nacki* - HASEGAWA Batoshi** « YANAGIDA Mitsunori* - SHIMOOSAKO Hiroshi**

Abstract

The past and future changes of the groundwater environment of the R. Chikugo-gawa fan in the southern part of
Fukuoka Prefecture, was estimated and forecasted respectively using a numerical simulation model. This study is
accomplished through three steps. For the first step, the long-term meteorological and hydrological data was
collected and analyzed to generally understand the outline of the hydrological environment in the concerned area,
When the hydro-geological structure projected from the result of in-situ geological survey was deemed acceptable,
the situation of the groundwater flow is analyzed and/or clarified considering the distribution and variation with time
of the hydraulic potential.

As a second step, the amounts of groundwater recharges in the paddy field, non-paddy field (such as a dvy field or
a vacant lot excluding those in the urban area}, and urban areas, were estimated using tank models. Finally, as a third
steb, three-dimensional groundwater flow models were generated based on the hydro-geological structure and
amount of groundwater recharges obtained from the first step and second step, respectively. Moreover, using the
simulation model, the past to present situations of groundwater environment were analyzed, as well as its projected
change in the future.

The simulation model was constructed through validation of information from the last 5 years (until 2007}, which
includes extensive in-situ data on groundwater, The model was also utilized to simulate the observed groundwater
potential head under the land use of 1961, which was the period prior to the consolidation of large farm Jands. With
due cansideration to [and use changes such as the decrease in paddy field area and increase in urban area, the past to
present transformation of the groundwater environment was estimated. Furthermore, it was also identified how the
groundwater environment would be affected by global warming, considering its relationship with temperature
increase and change in rainfall patterns. Meanwhile, it was assumed in this paper that the hydrological reference
years from 1957-1961 was used to compare the present and future conditions, based on the analysis results of past
annual rainfall data, and the hydro-geological condition during said period.

KEYWORDS : fans, global warming, urbanization, water balance, groundwater flow simulation

I. Introduction

The Chikugo-gawa fan, the study area covered in this research, lies in the south of Fukuoka Prefecture, and is
well-known as an area with abundant groundwater, mainly from river water sources (Riv. Kolshiwara-gewa and
Sata-genwa). Furthermore, as this area is also a long-standing paddy field, the recharge of irrigation watet remains an

important groundwater supply origin. Based on the standpoint of hydrological environmental change, it is essential

* Nippon Koei Co., Ltd., ** Yachiyo Engineering Co., Ltd.
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to understand the influences brought by land use changes. Land use changes mean (1) the large paddy field
improvement as farm land consolidation, along with the high economic growth after the 1960s, and (2) the recent
decrease of the paddy fields due to urbanization (e.g. in Ammagi-City etc.).

On the other hand, as mentioned in the IPCC Fourth Assessment Report, global warming has steadily been
progressing at present, and the study area is also subjected to this similar phenomenon, Since it is considered that
global warming causes the increase of the amount of evapotranspiration and changes in the hourly to daily rainfall
patterns, the authors estimated and forecasted using the numerical simulation model, how the groundwater

environment had been affected in the past and would change in the future.

2. The flow of Research
As shown in Fig.1, the study flow based on the in-situ data analysis through the numerical model simulation is
divided into three parts as follows, with the third part divided further into three sub-parts :
1) Collection, arrangement and analysis of the in-situ data
2) Estimation of groundwater recharges using the “tank model™ method
3) Numerical simulation adopting the three-dimensional groundwater flow model
(1} Construction ¢f the numerical model
{2) Validation of the mode! constructed
(3) Estimation and prediction of the past, present and/or future hydro-geological environment using the calibrated
model
The estimation and prediction were carried out based on the change of the land use pattern and/or the
meteorological condition. The land use patterns were obtained from the national numerical information published by
the National-Land Information Office, and the meteorclogical data consisting of the past and/or the predicted fisture

data called RCM20, published by the Japan Meteorological Agency.

3. The meteorclogical and hydrological data analysis
The meteorological and hydrological data around the Chikugo-gawa fan are shown on Fig.2 and Table 1,
respectively. In this paper, these data were collected and arranged systematically to construct the groundwater flow

model.

3.1 Meteorological data
(1} Rainfall

Although the Saga meteorological gauging station is slightly beyond the study area, it has acquired relevant long-
term annual rainfall data for more than a century as shown in Fig.3. According to the figure, annual rainfall does not
clearly show upward and/or downward trends, however, it revealed years of remarkable drought and raing that
frequently occurred especially during the last 30 years. This tendency, as indicated in Fig.3, is also similar to the

rainfall data from Asakura meteorological gauging station.
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The distribution of the non-exceedance probability for the past rainfall data was examined, and the corresponding
results are shown on Fig.4. According to this figure, the two-year rainfall (where the non-exceedance probability is
50%) and the ten-drought year rainfall (where the non-exceedance probability is 10%) are 1,820 mm/y and 1,380
mm/y, respectively. The observed annual data of the last five years from 2003 to 2007 depart from the two-year
rainfall, which is approximately equal to the average annual rainfall. This fact coincides with the high frequency of
extreme drought and rainy years.

In the case of RCM20, the large amount of rainfall will appear after 50 years. On the other hand, the annual

amount of rainfall after 100 years appears to be almost the same as the present average rates.
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(2) Temperature and evapotranspiration

As indicated in Fig.5, temperature in Saga and Asakura clearly shows an upward trend especially after the 1950s,
and the variation is estimated to be about 1.0°C for the last 20 years. Meanwhile, it is known that land use change
(especially due to urbanization) appears to influence the variations of the decrease in daily maximum/minimum
temperature. From this point of view, it can be considered that the slightly increasing daily minimum temperature in
Saga is due to the fact that the area around its gauging station was fairly urbanized, especially after the 1980s. On the
contrary, the daily minimum temperature in Asakura does not show such tendency. Hence, it is concluded that the

recent warm temperature trend in the study area is not caused by urbanization, but rather probably due to global

warming.
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Fig.5 Long-term trend of temperature

During the conduct of this study, future climate changes were discussed on the basis of RCM20. According to
RCM20, the average temperature after 50 years and after 100 years will be higher by about 1°C, and 2°C,
respectively, as compared to the average temperature during the last 70 vears (see Fig.6). RCM20 also shows that the
annual rainfall after 50 years will increase with a variation of about 400 mm, while the rainfall after 100 years will be
similar to the present amount. However, the predicted daily rainfall shows qualitative changes such as increase in
number of rainy days over 30 mm/d and increase in non-rainy days, suggesting occurrence of frequent flood and
drought, respectively. It is also thought that the direct outflow will increase, as the recharge decreases for the
aroundwater environment.

In order to evaluate the recharge rate, a tank model simulation was carried out for four periods (i.e. past, present,
future S0-years and future 100-years). The hydrological data used for the simulation such as rainfall and potential
evapotranspiration, are shown in Table 2. Potential evapotranspiration, calculated using the empirical equation

suggested by Hamon, increases yearly, in accordance with the increasing temperature.

378



The Water Balance of Chikugo-gawa Alluvial Fan And Future Forecast. ..

Since the annual rainfalls of five years from the "Past” period is close to the two-year rainfall, it was decided that
the rainfall pattern from said period, especially that of 1961, will be used for comparison with the "Present"
hydrogeological environment. Meanwhile, rainfall patterns of 2049 and 2097 were used to compare the "Present”

and "Future" hydrogeological environment,

20

M M ¢
WW ¢ r
observed temperature at Asakura and Saga predicted temperature on RCM20

< » 1 12
Presum:d from the observed temperature I Presumed from the predicted temperature

annual avarage temperatre(°C)
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800
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400 | [

Poterntial evapotranspiration(mm/year)

200 1 l
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Fig.6 Past and future climate change

3.2 Hydrological data

Table 2 Rainfall, temperature, available

(1) River level and river flow rate - i ;
evapotranspiration in each period

There are eleven gauging stations measuring the river flow rate - -
Rainfall | Temperature|evaporation

: : : : ; Sase | TR (mm/year) (°Cc) (mm/year)
and level in the main stream and tributaries of the R. Cikugo- Y yea

1957 2,306 15.5 715

gawa, as shown on Fig.7. 1958 1,788 16.3 822

. I ) B 1959 1,595 16.7 830

It is considered that the base flows of the tributaries are o 1960 1,690 16.3 830

. . . 1961 1,730 16.7 857

probably affected by the irrigation water during the period from B 1822 163 223

. : : 2003 1,984 15.9 860

June to September. Meanwhile, the base flow in the main stream . 2004 | 2007 162 395
[ =

can be considered unaffected due to the large river flow rate, in g |2005 | 1265 158 885

E 2006 2,499 16.1 874

comparison with the irrigation volume. 2007 | 1,551 16.5 892

Ave. 1,861 16.2 881

Fig.8 shows the flow duration curve at the Senomoto gauging g 2046 | 2194 17.0 903

. ; S . 2 2047 2,133 16.8 890

station, the most downstream observation point in the main é 2048 | 2979 170 977

o o . . o | 2049 | 1934 160 864

stream  within the study area, that has acquired long-term 5 2050 2115 63 385
-

observation data. While it is evident that urbanization influences = Ave. | 2201 165 e

g 2096 2,055 171 906

the change of flow duration, such change is not recognizable from 2097 1.829 183 947

S | 2098 | 1511 184 988

Fig.8. Thus, it can be concluded that urbanization hardly 5 2099 | 2156 171 896

o 5 | 2100 | 1906 174 912

progressed in this study area. 2 Al 1891 177 930
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Fig.10 shows the result of simultaneous ground-
water level measurements carried out in November
25, 2007. Groundwater table contours indicate that
the groundwater flows from northeast to southwest.
Since concave portion is observed at the R.Sata-
gawa, it is deemed that adjacent groundwater dis-
charges to this river.

On the other hand, there are eight observation

stations for continuous groundwater level measure-

g
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ments, as shown in Fig.11. At Mochimaru, Nakahata, liaya and Ishinari observation stations, two monitoring holes
were closely constructed in order to observe both the shallow and deep groundwater levels.

In case of Nakahata and Takahi observation stations, groundwater level seems largely influenced by the river level
change and pumping during the irrigation periods. There are distinct gaps between potential heads of the shallow and
deep groundwater at ltaya and Ishinari observation stations. Potential head of the shallow groundwater is always

higher than that of the deep groundwater, thus, it is judged that groundwater flows downwards.
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3.3 Pumping data

The well locations and their pumping rates in the study area had been investigated and reported in the prefectural
irrigation pump inventory (2002), as shown on Fig.12. The maximum pumping rates during the irrigation period,
amounting to some 470,000 m*/d within the study area (Table 3), were considered for the simulation. According to
the inventory. it was found that the ratio in the number of deep wells to the shallow wells is higher in Tachiarai-town,

where thick aquifer exists.

[ Advinistrative area [
— Sty arca

A

SR TR

Fig.12 Distribution of irrigation wells

4. Calculation of groundwater recharge Table 3 Inventory survey result of irrigation wells
> The depth type
The amount of groundwater recharge was i T Doep wel
estimated by means of a tank model method for Pumping rates Pumping rates
N 3 N 3
(m”/day) (m"/day)
every land use type, namely, paddy field, non- T Ghikuzen| 30 99,863 | 8 10,699
paddy field (including dry fields and vacant lots), C'é\ gag:l:ira 73 2%;23% g 1?32(3)
T.Tachiarai 8 50,511 13 22,747
and urban area. The procedures can be expressed : :
B R Summary | 126 414086 | 34 54.879
as follows.
100%
4.1 Land use change
90%
Fig.13 illustrates the ratio of land use in 1941, 80%
1976, 1987, 1991 and 1997. Since paddy fields _ '
S 60%
decreased by 5% for 20 years until 1997, while the 5 504
;E 40% @ Golf course

M River and lake
B Urban area
O Dry field
@ Paddy field

urban area adversely increased by 5% for the same

20 vears, it may be concluded that in the study area, 204

% of the paddy fields had been converted to urban

areas. 1941 1976 1987 1991 1997
Fig.13 Land use change
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The land use data after 1976 were derived from

Table 4 Water depth requirement in a paddy field

the national numerical information. However, the

Water depth requirement

land use data of 1941 as per Fig.14, published by

Case Period (mm/day)
Pre-irrigation June 21~dJune 30 150
Regular irrigation | July 1~September 31 25

Geographical Survey Institute, was considered due
to the lack of national numerical information data for the

land use data on said year.

4.2 Water depth requirement in a paddy field

Table 4 indicates the water depth requirement in a
paddy field proposed by the Japanese Society of Irrigation,
Drainage and Rural Engineering, and was used for the

tank model simulation for the paddy field.

4.3 Estimation of groundwater recharges using the
Tank Maodel

The groundwater recharge of each land use type was
estimated using the tank model composed of three tanks
laid vertically in series, as shown on Fig.15. Each of the
tank, namely, the top, second and third tanks, has three
outlets on the side and one outlet at the bottom. Outflow
from the bottom outlet of the second tank can be assumed
as the groundwater recharge in the simulation.

Tank model was validated by determining the R.
Chikugo gawa main stream runoff (difference between
Katanose and Kurumeoohashi), and the groundwater level
fluctuation at the Ogori observation station shown in
Fig.16. Ogori observation station is surrounded by a
paddy field, and is influenced by the irrigation water.
Therefore, it is thought that the groundwater recharge,
estimated from the validated tank model, is the recharge
of the paddy field. In addition, it is also considered that
the groundwater recharge calculated from the validated
model without irrigation water is the corresponding
recharge of the non-paddy field. On the other hand. it was
supposed that the groundwater recharge in the urban area

is half the amount of the recharge in the non-paddy field,

o]

Fig.14 Land use in 1941
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Fig.15 Validated tank model

384



The Water Balance of Chikugo-gawa Alluvial Fan And Future Forecast. ..

under the assumption that the infiltration area is half the whole urban area.

Fig.17 shows the calibration result of tank model simulation for the paddy field. The determined groundwater

level fluctuation and stream flow approximately coincide with the observed data.

Calculation summary results obtained from all the simulations are shown on the Fig.18 and Table 3.
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Fig.18 Annual groundwater recharge evaluated by the tank model simulation

Table 5 Summary of the tank model simulation

Actual evapo- Surface zubsurface . T ) Ry
c i Rainfall P::::;i," transpiration (mm/year) h"’ﬁm flow{mm//year} Bake To(ialiyes) R Evrvr::e:' kot iUl e
w2 YRt syean) [transa Paddy | Dry | Urban |iomryesr)| Poddy | Dry | Urban | Paddy | Dry | Urben | Paddy | Dry | Urban Paddy | Drv | urban | From
Gmm/year) | field | fiald | area field | field | area | field | fied | arca | fiekd | fiek | area o) fictkd | field | area [ivigation
1957 | 2306 7 555 | 440 | 457 510 | 1753 | 641 | 782 | 1447 | 1,768 | 584 El [ T448 | 1125 | 562 321
1958 1,788 2. 53 4 459 | 1,638 1,397 302 508 1,489 1,050 525 3 ] 1453 1013 09 440
¥ 1959|1585 20 536 1 | 485 | 881 | 1272 | 171 | 404 | 1407 | 954 | 487 "2 | o Jva03] s00 | 450 | 503
o | 1se0 | 1580 830 586 7 | 473 | 1,667 | 1406 | 285 | a85 | 1406 | 975 | 436 3 [ 1361 | 842 | 471 471
1861 1,730 857 501 G 500 568 | 1. 526 | & 3 ] 1439 | 1,155 73 283 |
Average| 1,822 823 582 | 456 | 475 521 571 i 3 Ta7z | 0% 14| 364
2000 | 1,984 | 860 | 571 | 4o4 | 505 781 18 | 8 1212 |81 35 | 400 |
= 2004 2007 a36 658 547 542 £48 146 1200 ! 741 | 37 464
§ | 72005 | 1,265 885 | 619 | 416 | 473 504 95 3 578 | 470 23 507
g | 2006 | 2489 a4 574 | 480 | 507 81 175 2 1,006 | 914 [ 45 352
& [T2007 | 1,551 387 822 475 | 605 | 1850 | 109 2 1042 | 551 21 491
Average 1.861 381 (03 482 506 B35 140 1,161 710 355 451
T | 2046 94 903 662 510 B 463 | 1425 | 932 | 486 | asa
; 2047 31 350 605 4 539 386 295 | 785 33 439
R 2048 i) 877 548 1 520 | 547 | A70 1,036 18
e | 2048 34 864 64 520 | 519 395 i 760 | 860 | 430 | 4
4 [a050 15 886 530 | 438 | 486 514 o ABT | 1.003 01 3
= | Averpee 2N [TX] 617 | 503 517 L 462 2 367 973 A82 44
T | #0396 | 2088 605 63 560 | 552 203 1 250 | 760 | 350 | 470
F [ Tz037 [ 1829 847 632 | 554 | 561 | 140 | 634 | 337 | 465
8 | 2008 1,511 — 883 | 745 55 572 4 117 | 585 | 282 | 537 |
© [C7o088 | 2.1% &9 565 | 47 2 253 | 823 | 41 | 4
3 [ 2100 | 1,906 81 616 34 545 33! 4 2 163 | 689 344 415
I Average 1891 530 650 536 547 a5’ 4 2 (184 710 355 474

5. Construction and validation of the groundwater flow model
5.1 Mathematical simulation method
The three-dimensional movement of groundwater flow is defined from the following partial-differential equation,
and calculated with the aid of Visual MODFLOW Ver4.1:
0 3 % 0 oh 0 oh oh

——1 +— kb, —|+—|k.— |+ R=8S—
ox\ "ox) ov\ “ov) az\ ez ot

where, A :potential head, ¢ :time, & : hydraulic conductivity in x, y, z direction

R:recharge and/or pumping discharge, S : storage coefficient
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5.2 Construction of three-dimensional (3-D) groundwater flow model

(1) Hydrogeological structure

The hydrogeological structure of the study area is divided into seven layers as shown on Fig.19, Fig. 20 and Fig.

21. in accordance with the investigation results of in-situ boring survey and the previous study report.

K / - Meatoishi

Egawa

Terauchi Dam

B

R Tachiarai Ry Tachiarai RSata . 35
4 R Futamata )\ — - Cm
Legend 2
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Fig.19 Location of the geological cross section
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Fig.20 Geological cross section (K) along the Koishiwara-gawa
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Fig.21 Geological cross section (K) after digitalization
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(2) Discretization and cell designations
The study area of 27,000 mx 20,500 m was simulated by generating series of 100 mx 100 m square meshes, on
which corresponding national numerical information were reflected. The coordinate system adopted in the

simulation is the rectangular plane coordinate system (II).

Fig.22 Generated simulation meshes
(3) Boundary conditions
Constant heads of “G.L.-1”" in meters were designated for the major rivers such as the main stream of R. Chikuo-
gawa and R. Homan-gawa, while the constant heads measured in 2007 were designated for the tributaries of R.

Chikuo-gawa. Surrounding mountainous area was designated as non-flux cells.

Fig.23 Boundary conditions
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(4) Recharge
The groundwater recharge for each cell was distributed in accordance with the land use type composed of paddy

field, non-paddy field, and urban area (see Chapter 4), as shown in Fig.24 and Fig. 25.

Legend l
White: paddy field
Blue: dry field

Green: urban area

Deep green: Out of
caleulation

-+8900 __ -1100Q -10000 -36000 -32000 -28000 -21500

Fig.24 Land use in 1941 after digitalization

Legend
White: paddy field
Blue: dry field

#1 Green: urban area

Deep green: Out of
caleulation

-48500  -+1000 -10000 -36000 -32000 -28000

Fig.25 Land use in 1997 after digitalization

5.3 Validation Model
(1) Hydraulic conductivity after validation

The initial hydraulic conductivity presumed from the in-situ data, and after its validation, are shown in Table 6. In
order to simulate the in-situ hydrogeological condition, the hydraulic conductivity in the vertical direction of the

pyroclastic flow deposit (Aso-4) was set as 1/10 of the hydraulic conductivity in the horizontal direction.
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(2) Simulation of the water table
The simulated water table represents the observed well water table, excluding those in the western area where the

topography varies widely as shown in Fig.26.

(3) Simulation of the groundwater level fluctuation

In general, the simulated groundwater level fluctuation also represents the observed groundwater level fluctuation,
except for Nakahata(C) and Takae(E) observation stations as illustrated in Fig.27 and Fig.28. The reason for such
discrepancy is probably due to the daily river level fluctuation and the pumping operations from the neighboring
irrigation weils.

As for Ishinari(G) observation station, which is located in the vicinity of the Sata-gawa course, there exists about
5-m difference in potential head between the shallow and deep groundwater across an aquiclude (Aso-4). The
potential head difference during irrigation period is more than during non-irrigation period. This difference in
potential head can be approximately determined from the simulation, with a restriction of up to 2-m disjunction.

Table 6 Hydraulic conductivity after validation

tger | Hpdoplkyinitname | RISl sonkicin | akoasd Rdel comsuctivey
i River bed deposit ~ 8.0E-62 1 5.0E-01 |
2 1st aquifer 3.6E-02 7.2E-02
| & Pyroclastic flow deposit (Aso-4 1.0E-04 Horizontal: 1.0E-4 Vertical: 1.0E-5
4 2nd aquifer 2.0E-03 1.0E-02
5 Flood deposit 5.6E-03 2.8E-02
6 Debris flow deposit 5.0E-04 1.0E-03
1 Basement 4 8E-06 4 BE-06

Fig.26 Comparison of water table on 25 November in 2007
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Fig.28 Comparison between the simulation and observations along the Sata-gawa
(4) Present water balance
The present annual water balance from 2003 to 2007. simulated using the three-dimensional (3D) groundwater
flow model, is shown in Fig.29. During said period. the recharge to groundwater was larger than the discharge from

groundwater. 1t was estimated that the annual total surface flow was 400,000,000 m’, and the ratio of the pumping
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water to the whole discharge was quite small. Meanwhile, it can be concluded that the water balance is adequately
stable since the error ( £ inflow - Z outflow ) is less than 0.1% for each year.
It was found that groundwater closely interacts with river water, and that the recharge from the irrigation water

amounts to about 40% of the rainfall origin as shown in Fig.30.
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Fig.29 Water balance after validation
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6. Validation of the past situation and prediction of the future condition
6.1 Case of validation and prediction

In the case of the validation of past condition, the calibration target was the groundwater table contours measured
in 1961 (see Table 7). On the other hand, for the future prediction, two periods from 2046 to 2050 and from 2096 to
2100 were selected for the simulation. The future predictions for both periods were carried out on the basis of
RCM20, which also included one year of approach run to avoid possible influences due to the initial condition.

Table 7 Simulation period and condition in each case

Case Simulation peried| Land use Remarks
@ Past validation 1957~ 1961 1941 e S
@ Present validation 2003~2007 1997 Wik it iyt 8
(3)-1 Future 50-years prediction 2046~2050 1997 -
3-2 Future 100-years prediction 2096~2100 1997 -

6.2 Past validation and evaluation of the land use change-derived influence
(1) Past validation

Validation of the past groundwater circumstances was carried out using the calibrated model of the present
groundwater conditions. It is known that the simulated water table coincides with the observed well water table as
shown in Fig.31. Although the observed water table indicates the existence of a ridge on the right bank of R.
Chikugo-gawa, this was ignored in the model since the in-situ data was very old to be entirely relied on.

The past groundwater recharge is larger than the present although the annual rainfall of 1961 is smaller than that of

2007, as shown in Fig.32. The reason for this will be discussed in detail in the next section.

‘1"5"-"«'5"%);-‘"%; LT o SR LV R PN i BTN SRR TN

@ﬁ&
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Fig.31 Comparison of water table in 1961
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Fig.32 Conceptual diagram of water balance in 1961 (past)

(2) Evaluation of the land use change-derived influence

In order to evaluate influences due to land use changes from past to present, the model was run considering the
land use conditions of 1941 and 1997, and climate conditions from 1957 to 1961. The groundwater levels and water
balances were compared for the climate condition of 1961, which was identified as the average hydrological year.

The land use changes around the Amagi-City in 1976 and 1997 are shown in Fig.33 and Fig 34, respectively. Both
figures were described according to the national numerical information.

Fig.35 and Fig. 36 meanwhile are the isolines of the drawdown between two simulations. These figures reveal that
urbanization has already progressed in the eastern area of Amagi-City during the period from 1976 to 1997. Hence,
the groundwater level has consequently decreased at said area. The results indicate that urbanization, which involves
decrease of paddy field and increase in impermeable area, influences groundwater environment to a greater degree
than what was assumed. In addition, the maximum drawdown during irrigation and non-irrigation periods is 3.2 m
and 1.4 m, respectively. Thus, this further indicates that the land use change distinctly influences the groundwater
recharge and the distribution of groundwater level.

Table 8 Condition of simulation cases . 1]

Simulation Case Land use Climate condition| Target year
I 1941 1957~1961 1961
I 1997 1957~1961 1961

394



The Water Balance of Chikugo-gawa Alluvial Fan And Future Forecast. .

SprH ety

Fruit farm
Other field

AR 1

Waste land

I e

3.

Urban area/\

Urban areaB
*  Arterial traffic lot

.

3

ARG

veied

.33 Land use situation in 1976

Fig

7Y -t
bim| ]
429 © 2
= -
pe= ~ L3 aQ
¥ (-3 o o E-B ] - 2
£ =3 = = E Y S5 LD =
k5] - = o~ 5
Wy 3 - E — @ <]
= L h 8 Ccof oL o
[+ u:.Wueﬂneuw w
My B335 588:523%
.w.uP LESAL0ENO
mnl - L e o
i s

J

L)

P g t
> sa3 h.(.o\.\w.. k? ratle
o A {

.w g.t. 4

Hee e

>

Sroasbivans ik yansneeassiasiassenasatareiivs

-

)
ke

1188

adene
408

fizsts]

.34 Land use situation in 1997

Fig,

395



KOHARA - HASEGAWA - YANAGIDA - SHIMOOSAKO

| Decreased value of water table during
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Fig.35 Isoline of the decreased value of water table during irrigation period (Influence of present land use change)
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Fig.36 Isoline of the decreased value of water table during non-irrigation period (Influence of present land use change)
The past land use change has also influenced the groundwater level fluctuation. Estimated drawdown is about 10

cm around the Koishiwara-gawa and 20 ~ 50 cm around the Sata-gawa, as shown in Fig.37 and Fig.38, respectively.



Groundwater level (G.L. m)

Groundwater level (G.L. m)

a3

The Water Balance of Chikugo-gawa Alluvial Fan And Future Forecast. .

---------------------------------------------------------- 1| s0

[ ———————————GWLatTakada(D) — F}——
:"""::::____::::J:::::j/*landuse in1941 -----f------- - -

1 100

a0

Z,
deep GW.L. at Ishinari(G)
” — land use in 1941

Ny
)

Fig.38 Comparison between simulation and observations at Ishinari(G)

397

Rainfall & recharge (mm)

Rainfall & recharge (mm)



KOHARA + HASEGAWA * YANAGIDA - SHIMOOSAKO

Based on the conceptual diagram of the water balance illustrated in Fig.39, it is clear that land use change had
influenced the groundwater recharge by 20,000 m’/day decrease in the entire study area. Meanwhile, the

groundwater discharge had decreased to 55,000 m:’!day in total.
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Fig.39 Conceptual diagram of water balance under the 1997 land use
6.3 Future prediction and evaluation of the climate change-derived influence
(1) Future prediction case
To evaluate the influence of future climate change, the groundwater level and the water balance of prediction case
1T (present condition) were compared with that of case 111 (future 50-years) and case IV (future 100-years) as shown
in Table 9. From the table, “Target year” indicates the subject for comparison, of which the annual rainfall amount

are close to the two-year rainfall.

(2) Evaluation of influence derived from the climate change after the future 50-years

The climate change-derived influence for the future 50-years was evaluated in case II and case I11 simulations.
Drawdown of the groundwater level is less than 1 m for both during irrigation and non-irrigation periods, as shown
in Fig.40 and Fig41.

Table 9 Condition of prediction cases I1, Il and IV

Prediction Case Land use Climate condition| Target year
I 1997 1957~1961 1961
m 1997 2046~2050 2049
v 1997 2096~2100 2097
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Fig.40 Isoline of the decreased value of water table during irrigation period (Influence of climate change in the future 50-years)

AR Lo e

Decrease value of water table during
| nen-irrigation pericd in the future 50-years(m)

Fig.41 Isoline of the decreased value of water table during non-irrigation period (Influence of climate change in the future 50-years)

Fig.42 illustrates the conceptual diagram of water balance in 2049, which is included in the “future 50-years” case.
As shown in the figure, the groundwater recharge decreases in spite of the increase in rainfall. This fact probably
indicates that the direct surface runoff increased because of the frequent occurrence of torrential rainfalls, due to

elobal warming.
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Fig.42 Conceptual diagram of water balance in 2049
(3) Evaluation of influence derived from the climate change after the future 100-years
The climate change-derived influence for the future 100-years was evaluated in case IT and case IV simulations.
Drawdown of the groundwater level is less than 1 m during the irrigation period, as shown in Fig.43. However in
some locations, groundwater level increased conversely during the non-irrigation period (see Fig.44). For this reason,
it is considered that the average monthly rainfall during the non-irrigation period in 2097 is greater than that of the

present.
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Fig.44 Isoline of the decrease value of Water table in not irrigation period (Influence of climate change in the future 100-years)

Similar to the future 50-years case, the groundwater recharge decreases in spite of the increase in rainfall, due to

the frequent occurrence of torrential rainfalls and the increase of the direct surface runoff (see Fig.45).
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7. Summary

The objective of this study is to estimate and forecast the past and future changes, respectively, of groundwater
environment, in relation to land use development and climate change caused by global warming.

Land use change during the last 50 years mainly involves the decrease of paddy fields with an increase in urban
area, Its influence was estimated to be a maximum of 3.2 m drawdown of groundwater level in the eastern area of
Amagi-City, where urbanization seemingly progressed rapidly. In addition, the groundwater discharge decreased to
55,000 m®/ day in the entire study area.

Future climate change mainly involves temperature increases and the changes in rainfall patterns. The warming
temperature induces an increase in evapotranspiration. However it was found that said increase in evapotranspiration
hardly influenced the groundwater recharge. On the other hand, it was realized that the changes in rainfall patterns,
i.e. the frequent occurrence of tarrential rainfalls, significantly increased the direct surface runoff and decreased the
groundwater recharge. This decrease of groundwater recharge was predicted fo be about 200,000~300,000 m’/day.
Based on these circumstances, the changes in rainfall patterns, rather than the variation of the total rainfall volume,
induce more severe influence to the groundwater environment.

From the water balance study, it was reconfirmed that the relationship between river water and groundwater was
quite significant. Tt was realized that the groundwater recharge derived from the river water was vital to the entire
water balance. Considering this result and the condition of the present simulation where the river level was set to be
constantly stable, it is necessary to improve the model to be able to accommodate the transient data of the river level.
Consequently, it is therefore necessary to continue the in-situ observation on the river and groundwater levels in

order to further understand the qualitative interaction between them.
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The Changes of Water Environments and the Future Groundwater Management
on the Chikugo-gawa Alluvial Fan, North Kyusyu, Japan
OISHI Akira* - MIYAZAXKI Seisuke* « HASEGAWA Satoshi*

Abstract
The Cikugo-gawa alluvial fan area possesses abundant freshwater resources, and has offered the place to live for

many people from Yayoi period to today. The meteorological disasters represented by the localized torrential rain
increased when global warming changes as it is, and changing in river flow by this had the anxiety that influenced
the groundwater environment with close relations to river water. However, in the Chikugo-gawa alluvial fan,
Egawa dam is in the upstream in the R.Koishihara-gawa, and Terauchi dam is in the R.Sata-gawa. And, the surface
runoff by the rainfall in the upstream mountains area is eontrolled once by both dams. Therefore, it seems that “the
meteorclogy risk™ of the change in the futwre rainfall pattern and the water environment of an alluvial fan are not
related immediately. On the other hand, the groundwater enviromment has been getting worse because of a
decrease in the amount of groundwater recharges and an increase in the groundwater pumping rate, eic, by the
advancement of urbanization even now,

After taking into consideration the hydrogeologic structure of the alluvial -fan, and the groundwater-flow
characteristic controlled by it, it is preferable to perform unified management of the river water and the
groundwater.

KEYWORDS : Chikugo-gawa alluvial fan, global warming, freshwater resources, unified management

1. Infroduction

IPCC2007 report pointed out that the meteorological disasters represented by the localized torrential rain when
global warming changed as it is. Moreover, in the middle-latitude zone in which Japan is situated, the river flow
changes under the rainfall change to suddenly and locally pattern that may recognize at these days and it is also
pointed out to cause a serious influence in the social life.

The Cikugo-gawa alluvial fan area possesses abundant freshwater resources, and has offered the place to live for
many people from Yayoi period to today. In this paper, the change in the water environment of Chikugo-gawa
alluvial fan is considered along with global warming, and the way for the water utilization in the alluvial fan that is

an important place of agricultural preduction is described.

2. Present and Fufure Conditions of Weather and Stream Flow
As shown in Fig.1, the tendency to the temperature rise of about 1 degree is observed in these 20 years from the
past weather-survey data in this area (Amagi). Moreover, according to the future prediction by RCM20, in 100

years, the rise of 2 degree further will be forecasted as shown in Fig.2. And, as a result, an increase in the amount

* Yachiyo Engineering Co., Ltd.
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of evapotranspiration will be expected.

Though the amount of the annual rainfall is assumed no change too much, it is expected that the localized
torrential rain shown in a recent rainfall pattern increases. This shows that the risk of flashflood or water shortage
becomes high, and that the amount of river runofT increases and the amount of groundwater recharges decreases in
the groundwater environment.

However, in the Chikugo-gawa alluvial fan, Egawa dam is in the upstream in the R.Koishihara-gawa, and
Terauchi dam is in the R.Sata-gawa. And, the surface runoff by the rainfall in the upstream mountains area is
controlled once by both dams. Therefore, a more appropriate management is requested from “the meteorology

risk” of the change in the rainfall pattern, and also from the water environment change of the alluvial fan.
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3. Relation between Humans and Hydrogeologic Environment of Alluvial Fan

The Chikugo-gawa alluvial fan is a compound alluvial fan formed with the R. Koishihara-gawa and the R.
Sata-gawa. Two of old and new alluvial fans exist, and spring water and ill-drained paddy fields are scattered at the
edge of the fan on alluvial-fan [ of the old stage. and there are many lotus paddy fields at the lowlands under the
cliff in the alluvial-fan end part. And the Amagi city area is located in the vicinity of the spring water belt of the
edge of the fan on alluvial-fan II of the new stage.

Many of these spring waters have been used for irrigation for many years, and there records the spring-water
place of 1842 (Tenpou 13 years) as shown in Fig.3. These old spring water and the recent spring part (Fig.4) are
almost in the same point. The alluvial-fan has been widely used as a forest and a field until the 19507s since prewar
periods. Cropland abandonment and urbanization progressed recently, though the irrigations network arrangement
and the adjustment of arable land holdings advanced and were made a rice field in the 1960%s. It seems that the
underground water environment has been comparatively kept excellent up to recent date though dryness of spring
water and a decrease of the flowing well due to the lowered underground water level are caused by the influence of

the well pumping to aim at irrigation and industrial water, considering the transition of the land use.
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4, Relation by River and Groundwater

In the R. Koishihara-gawa and the R. Sata-gawa, it is known a stream lost "Segire" phenomenon is generated.
Especially, in the R. Sata-gawa, the sections are observed where the "Segire” constantly occur duting
non-irrigation period. The river water is carrying out the recharge of the groundwater directly from the shape of a
groundwater table and the result of a long-term groundwater-level observation. The "Segire” is influenced to the
amount of recharges from the river. The conditions of recharge are turned by change of section stream-flow. The
section stream-flow relates to the hydrogeologic structure of the alluvial fan closely (Miyazaki et. al., 2008).

The relation of the river water and the groundwater in November 2007 are shown in Fig.4 by piling up an
increase and decrease section of stream-flow, the “Segire” section, the spring water part, and groundwater contour
map. '

Fig.4 shows the following phenomenon:

- In the R. Sata-gawa, the transfer to the groundwater fram the river water at the left bank is in the upstream
section of "Segire".

- The river water of the R. Koishihara-gawa flows into the left bank near the Amagi city area, and also are gushing
to the R. Sata-gawa. -

- On the right bank, the river water of the R. Koishihara~gawa is gushing to the water source of the R. Jinya-gawa,
efe.

These phenomena indicate strongly the relationships of the river water and groundwater in the Chikugo-gawa

alluvial fan,

Regarding the "Segire”, it is described as foffows in the first votume of'the Regional Geography of Amag.
- In the R, Sata-gawa near Itaya of alluvial-fan middle-reach region, an anhydrous state continues at the late
autumn and the early spring when the precipitation decreases. The people in the village are calling its stream the
Japanese radish stream "Daikon-gawa" because they cannot wash Japanese radish "Daikon".

And, this tradition of the "Daikon-gawa” is handed down as "Kobo Daishi" tradition. And considering its age,
the "Segire" might be a natural phenamenon occurred for a long time.

Egawa Dam and Terauchi Dam have achieved the buffer function to the surface runoff through the supply of the
maintenance flow discharge and irrigation water since the dams are constructed. Accordingly, it is considered that
the dams have played the role to shorten the "Segire" period and to keep making the water environment in the

downstream to be healthy.

5. Future Water Environment and Water Managerient

‘As compare with the groundwater contour map in 1961 and in present, the groundwater table is lowering by
about 2-3m near a center of alluvial fan in present. This explaing the drying-up of the groundwater of these days,
such as decrease of spring water and flowing wells. A decrease in the amount of groundwater recharges by the

advancement of urbanization and an increase in the amount of the pump discharge from groundwater, etc. are
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thought as this reason (Kohara et.al., 2008).

Generally, with the rise of the temperature in the future, the amount of evapotranspiration and river outflow by
the change in the rainfall pattern increase and the amount of recharging groundwater is expected to decrease.
Additionally, further demand for “fresh water” is expected by the improvement of the human life and the change in
the industrial structure according to it.

Therefore, it is important to put the fact that the river and the groundwater have interacted with one another on
the mind. And, it is advisable to manage the river water and the groundwater in a unified manner in order to utilize
effectively the groundwater which is stable freshwater resources, after taking into consideration the hydrogeologic

structure of the Chikugo-gawa alluvial fan, and the groundwater-flow characteristic restricted to it.
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