INITIAL EVENTS OF CHECK DAM FOUNDATION OUTFLOW AND DAM
LOCATION CONDITIONS IN THE ARIDA RIVER BASIN
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ABSTRACT

We investigated the foundation outflow cases of check dam damage. Specifically, a survey was conducted to examine the initial events and
dam location conditions from scour and apron erosion expansion to foundation outflow. Riverbed degradation of the downstream river
channel was one of the initial events leading from scouring to foundation outflow. Parallelly, the influence of drainage basin characteristics

such as discharge as dam location conditions that influence the expansion of apron erosion was estimated.

INTRODUCTION
In a previous studyl), we collected damage cases to check dams from 1934 to 2018 and found that the primary forms of damage were
spillway erosion, overturning because of the fluid force of debris flow, loss of wings, and damage caused by foundation outflow (Figure 1).

Widespread occurrences of dam subsidence, cracks, and overturning were confirmed.

[Figure 1]:Checkdam parts

Among these, foundation runoff has progressed in a short period and gradually due to multiple floods, potentially eventually leading to
subsidence, cracks, and overturning of the dam.Based on check dam photographs before and after the dam body subsidence, Miura et al.
(2023)2) estimated that the foundation outflow of the dam body starts through the following two patterns (Figure 2): (1) from scouring of
the downstream riverbed protection works to foundation outflow and (2) from apron damage to foundation outflow. However, these spec-

ulations are based on cases post-disaster, and the detailed mechanisms of the process are not well understood.
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[Figure 2]:Patterns from foundation outflow to check dam damage
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Therefore, to contribute to the appropriate dam maintenance and management, we closely observed specific cases where the initial events
such as scouring and apron erosion are progressing. Next, we analyzed what mechanisms and dam location conditions lead to foundation

outflow.

Specifically, regarding pattern (1), we inferred the validity of the mechanism from the topographic survey history. Parallelly, pattern (2) is
primarily due to underground changes, and inferring its mechanism from topographical survey history or inspection records is difficult.
Therefore, based on case studies, we considered the dam location conditions where apron erosion, considered to be the preliminary stage

of apron damage, occurs.

PATTERN FROM THE SCOURING OF DOWNSTREAM RIVERBED PROTECTION WORKS TO FOUNDATION OUTFLOW

SURVEY METHOD

Photogrammetry was conducted using UAV for Kakumakitani River in Arida River basin in Wakayama Prefecture, where a runoff of sediment
that had accumulated on the dam foundation, and upstream side was confirmed in 2019 (Figure 3). Along with the 2014 laser survey results,
we created longitudinal riverbed maps before and after the disaster. Afterward, we inferred the phenomena that occurred before and after

the dam damage and considered the initial events based on the field survey results.

[Figure 3]: Damage status of surveyed dams

RESULTS AND DISCUSSION
Figure 4 shows changes in the riverbed profile based on survey data from two periods. The observed longitudinal profile suggests that

scouring is not occurring locally, but the riverbed elevation in the section from K-8 to K-9 dam overall decreases.

[Figure 4]:Longitudinal map of riverbed of Kakumakitani River
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Based on the longitudinal profiles, the damage process was estimated (Figure 5).
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[Figure 5]:Estimation of damage process of Kakumakitani River dam

First, assumably, the damage to K-7, located the farthest downstream, led to the outflow of accumulated sediment, and the progression of

riverbed degradation in K7-K8 section. This phenomenon probably occurred before 2014, when the first aerial laser survey was conducted.

After that, by July 2019, when foundation outflow was confirmed, the foundation of K-8 was washed away, leaving the dam foundation emp-
ty; Potentially, at this point, the accumulated sediments had already flowed out. Later, K-9 sub dam foundation on the upstream side became

empty, and the accumulated soil was washed away. As of March 2023, K-9 sub dam foundation was blocked by sediment and driftwood.

Therefore, it was inferred that the mechanism leading from the scouring of downstream riverbed protection works to the foundation outflow

is scouring by falling water from sub dams and degradation of the entire riverbed.

PATTERNS FROM APRON DAMAGE TO FOUNDATION OUTFLOW

SURVEY METHOD

Regarding the apron erosion-occurring location conditions of dams, 17 erosion control facilities in eight tributaries distributed in Arida River
basin in Wakayama Prefecture were investigated. For these erosion control facilities, we investigated how the dam height, amount of sedi-

ment discharged, and spillway width are related to apron erosion depth.

The dam height, apron erosion depth, and spillway width were taken from Wakayama Prefecture’s inspection results and ledger. As the
sediment discharge was not recorded as a specification of the facility, we used the amount of sediment discharged by the basin unit during
the 1953 Aridagawa Disaster.

RESULTS AND DISCUSSION

Figure 6 shows the distribution of facilities with apron erosion. Areas with large apron erosion depths tend to be distributed unevenly in

specific basins, suggesting that local conditions in the basin, such as discharge, may affect apron erosion.
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[Figure 6]:Distribution of apron erosion depth (circle size reflects erosion depth)
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Figure 7 shows the relationship between apron erosion depth and dam height. The correlation coefficient is 0.22, indicating a weak positive
correlation. The correlation coefficient between apron erosion depth and sediment discharge is 0.11, showing almost no correlation (Figure
8). Spillway width has the strongest correlation with erosion depth, with a correlation coefficient of 0.60 (Figure 9). Spillway width is defined
by the riverbed width, and spillway section is defined by the debris flow peak discharge; therefore, the larger the spillway width, the larger

the discharge. Thus, watershed characteristics such as discharge may affect the apron erosion.
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[Figure 7]:Relationship between apron erosion depth and dam heiaht
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[Figure 8]:Relationship between apron erosion depth and sediment discharae
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[Figure 9]:Relationship between apron erosion depth and spillway width

CONCLUSIONS

Using Arida River basin data, we considered the initial events from scour to foundation outflow and the dam location conditions from apron
erosion expansion to foundation outflow. We found that one of the initial events from scour to foundation outflow was the degradation
of the entire riverbed, whereas the dam location conditions affecting apron erosion were suggested to be the discharge-related watershed

characteristics. In the future, we aim to expand our investigation and further analyze foundation outflow mechanisms in specific cases.
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