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ABSTRACT
In most cases, the rise in the groundwater table levels due to heavy rainfall and snowmelt is the main triggering cause of landslide occur-

rence. The authors carried out a comprehensive analysis of groundwater behaviour through water quality analysis in the Takisaka landslide 

area, which is a very large landslide area in northeastern Japan. It is most beneficial to distribute monitoring equipment intensively around 

the groundwater supply area in the landslide area. Later various types of countermeasures were installed around the groundwater supply 

area based on the monitoring analysis. In this report, the initial distribution of chemical compositions of groundwater in the Takisaka land-

slide area is given first. Then, the changed distribution of chemical compositions when the groundwater level rises and the groundwater 

supply areas that influence the landslide movement are reported. Finally, the countermeasures installed in this landslide area and their 

effectiveness are explained.

INTRODUCTION
The behaviour of groundwater is one of the essential factors influencing the stability of landslides. Therefore, various groundwater inves-

tigation methods have been developed. Water quality investigation is one of them and is effective in determining the distribution and flow 

path of groundwater in landslide areas. There are many methods for investigating groundwater in landslide areas. We have carried out all 

possible investigations, such as groundwater logging, groundwater tracing, groundwater level measurement, groundwater quality analysis, 

and so on. And we make the plan of control measures based on these investigations. The Chemical characteristics of groundwater may 

reflect the compositional characteristics of the solid phases (soils and rocks) of the sliding mass of soil through which the water flows 

(Watanabe., 1995). Therefore, water quality analysis in landslide areas is very important to identify the origin and flow of groundwater in 

landslide areas. The authors have carried out a comprehensive analysis of groundwater behaviour by considering water quality investigation 

in large-scale landslide areas in northeastern Japan (Sagara et al., 2005). The Takisaka landslide area is one of the most representative large 

landslide areas in the northeastern part of Japan. The location of the Takisaka landslide is extremely peculiar and this landslide could pose 

a great threat to the surrounding area. The landslide area is directly adjacent to the main channel of the Agano River, which has a length of 

210 km and a catchment area of 7,710 km2 and flows from the western part of Fukushima Prefecture through Niigata Prefecture to the Sea 

of Japan. In the worst case, if the Takisaka landslide were to occur on a large scale, the sliding mass of soil could dam up the mainstream of 

the Agano River. In this case, a large reservoir would be created upstream and many residential areas would be flooded. In addition, if the 

reservoir were to burst, there would be flooding downstream. In order to avoid such a situation, the Takisaka landslide area must be man-

aged extremely carefully, and comprehensive and drastic countermeasures must be taken. In considering the countermeasures, the authors 

identified the groundwater supply area that affects landslide movement using water quality. In the Takisaka landslide area, there are 3 types 

(SO42-, HCO3-, Cl-) of groundwater when classified by anions (Sagara et al., 2005). Among these 3 types, Cl- type groundwater has been 

frequently found in large-scale landslides in Niigata Prefecture that have the same geologies; Tertiary system (Sato., 1981). These Cl- type of 

groundwaters have never been found in stable areas around the landslides (Sato and Aoki., 1990). 

OVERVIEW OF TARGET LANDSLIDE
The Takisaka landslide is located directly on the main channel of the Agano River and close to the border between Fukushima and Niigata 

Prefectures(Fig.1. top right) The landslide area has a length of 2100 m and a width of 1300 m. The total area of the landslide is 150.25 ha 

and the total volume of the sliding soil mass is 4.8 ×107 m3. The landslide was triggered by heavy rainfall in the summer season and snow-

melt in the early spring season. It is reported that the northern block moved south-southwestward at about 60 cm per year between 1975 

and 1985, and the southern block moved west-southwestward at about 100 cm per year between 1962 and 1985. However, no destructive 

collapse was observed during these periods of movement. The  Takisaka landslide is divided by Seki Creek into two blocks, the northern 

block and the southern block. The geology of the site consists of Paleogene granitic rocks (basement complex) and includes, from bottom 

to top: lithified to unlifted arkosic sandstone; green tuff; mudstone; and  overlying terrace deposits of sand and gravel and colluvium. The 

intrinsic factors associated with the cause of the sliding are 1) the weathering of the green tuff to a plastic clay, 2) the presence of a fault 

structure zone at depth (Fig.1). Due to these factors, this landslide is one of the largest bedrock slides in Japan where the depth of the slid-

ing surface is more than 100 m (Fig.2).  
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SAMPLES AND ANALYTICAL METHOD
Water samples were collected from 50 boreholes in the Takisaka landslide (Fig. 1) during the period from  September 1999 to April 2001, 

mainly from July 2000 to April 2001. These samples were preserved in 250ml or 500ml polyethylene bottles for hydrochemical analysis in 

the laboratory. The following items were analysed:

•	 Electric conductivity (EC) : measured with a conductivity meter at the sampling locations.

•	 Potential for Hydrogen (pH) : measured with a glass electrode in the laboratory.

•	 Cation concentration (Na+, K+, Ca2+, Mg2+) : measured by liquid chromatography in the laboratory.

•	 Anions concentration (Cl-, SO42-) : measured by liquid chromatography in the laboratory.

•	 Anion (HCO3-) : measured by titration in the laboratory.

RESULTS
In this chapter, the relationship between geology and groundwater quality is described. Then, the water quality and groundwater distri-

bution affecting the movement of Takisaka landslide are reported. Finally, the plan of control measures considering water quality and the 

effectiveness of control measures in the Takisaka landslide area are described.

Chemical characteristics of groundwater and their distributions

As a result of the water quality analysis, the groundwater in this area is chemically classified into the following types. 

•	 In mudstone: Na-HCO3, Na-SO4, Ca-SO4, Na-Cl 

•	 In granite(granodiolite): Na-HCO3 , Na-Cl

•	 In tuff: Na-HCO3, Na-SO4, Ca-HCO3, Ca-SO4, Na-Cl

The chemical characteristics of groundwater reflect reactive solid phases and the chemical state during migration through the host rocks. Na-

HCO3, Na-SO4, Ca-SO4, Na-Cl types of groundwater were distributed in mudstone. Na-HCO3 , Na-Cl types of groundwater were distributed 

in granite(granodiolite). And Na-HCO3, Na-SO4, Ca-HCO3, Ca-SO4, Na-Cl types of groundwater were distributed in tuff (Fig.3). Incidentally, 

mentioned above, the Takisaka landslide moved during the snowmelt season. Therefore, the authors paid attention to the difference of water 

quality in snowmelt season and other seasons. In particular Na-Cl types of groundwater appeared in the snowmelt season.                                                                                                                    

DISTRIBUTION OF GROUNDWATER WITH HIGH CL- ION CONCENTRATION
Suzuki and Sato (2000) reported that the upper limit of Cl concentration in the Takisaka landslide area supplied by precipitation or wind-

blown salt is 6.4 mg/l. Therefore, the groundwater with relatively high Cl concentration (>6.4mg/l) has a deep underground origin. The dis-

tribution of high-Cl groundwater was checked throughout the sampling period, and these groundwaters are distributed horizontally around 

the subsidence and faults in the Oishi-nishiyama block, Yudenosawa, and the boundary between the northern and southern blocks (Fig. 4). 

In particular, there is high Cl groundwater in boreholes BV-224. As shown in Fig.5, the Cl concentration of groundwater at Oishi-nishiyama 

block (BV-224)  increases from 5.14~ 6.09mg/l ( July 2000:summer season) to 9.24~28.02mg/l (April 2001:snowmelt season). Fig.6 illustrates 

the relationship between water tables and Cl concentration in borehole (BV-224). During this period, the water level rises by 5m, from 

GL-28m (summer season) to GL-23m (snowmelt season). The increase in Cl concentration is consistent with the rise in groundwater level. 

Therefore, groundwater is supplied to this area, from deep underground and it affects the movement of the Takisaka landslide.

PLAN OF COUNTERMEASURES BY CONSIDERING WATER QUALITY, AND THEIR EFFICACY 
As reported in the previous section, high Cl groundwater is supplied from deep underground through fracture-rich faults and those vicin-

ity at the head of this area. For this reason, the authors planned two drainage tunnels at the Oishi-nishiyama block and the Yudenosawa 

block, which are located at the head of the Takisaka landslide (Fig. 7). Drainage tunnel (No.1) has been installed from September 2006 to 

December 2013.  Drainage tunnel (No.2) has been installed from August 2018, and is now under construction. As a results of comparison 

of the difference between the current water level and before construction, it has been recognized that the maximum decline of water level 

is more than 35m (Fig. 8 top).

DISCUSSION AND CONCLUSION
 The Takisaka landslide is one of the largest bedrock slides in Japan, with a depth to the sliding surface of more than 100m, and moved 

mainly during the snowmelt season. The authors identified the groundwater supply area using water quality. Special attention was paid 

to the distribution of water quality and the difference in water quality during snowmelt season and other seasons. High Cl groundwater is 

supplied from deep underground to the surface through the fracture-rich faults and those vicinities, especially around the head part of this 

area . Therefore, the authors planned two drainage tunnels in the Oishi-nishiyama block and the Yudenosawa, which are located in the head 

part of the Takisaka landslide. As a result, it is recognized that the maximum lowering of the groundwater level at the head of this landslide 

is more than 35m.  And then, the amount of landslide movement is now decreasing compared to the beginning of the construction due to 

the effectiveness of the countermeasures (Fig. 8). At present, the authors are collecting water samples from drainage tunnel No.2, and ana-
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lyzing the water quality. This will confirm the effect of the drainage tunnel. We will report these results on the day of the oral presentation 

at “interpraevent 2024”.
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