CHECK-DAM MANAGEMENT AND SEDIMENT RESERVOIR CONTROL IN
DONGMEN CREEK, TAIWAN
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ABSTRACT

Given the diverse scale and nature of debris flows, the permeability of dams should be adjusted as needed to balance sediment transport
within rivers and, in turn, promote ecological continuity in streams. The research area is located at Dongmen Creek in Hengchun, Taiwan,
with closed adjustable check dams constructed upstream and downstream. To stabilize the capacity of the downstream detention pond,
based on the results of the flume experiments, a series of sediment reservoir control and management operations were carried out on the
upstream and downstream dams of Dongmen Creek. The operation of the adjustable check dam should be tailored to the local context,
harnessing the forces of Nature to improve the flexibility, adaptation, and sustainability of the measure. Additionally, an overview of fluvial

bed variation and sediment transport is discussed.

INTRODUCTION

The scale and frequency of rainfall, earthquakes, and other sporadic factors initiate erosion on hillslopes, landslides, and debris flows. This
leads to cyclic fluctuations in sediment transportation. Numerous check dams have been constructed in the past to address the vast amount
of sediment in a mountain stream bed. Nevertheless, they pose a risk to the long-term ecological balance and sediment transport continuity,
and can even reduce sediment output. Fixed check dam structures struggle to adapt to the rapidly changing sediment transport, making
the adaptive adjustment of check dams a critical issue in Taiwan (Chiu et al., 2021). Building upon the dam adjustment research of Landao
Creek, this concept is extended and expanded to the management and control of sediment reservoirs and is applied in practice to Dongmen
Creek. If the check dam can mimic the operation and management of water reservoirs, with the ability to open and close, it can achieve
the benefits of sediment storage (interception of sediment) and sediment release, while promoting ecological and sediment longitudinal

continuity.

DESCRIPTION OF THE STUDY AREA

Dongmen Creek is a 17.6-km tributary to Baoli Creek, the watershed covers an area of 68.6 ha with an average slope of 15.9° and serves as
the primary drainage basin for the Hengchun region. The average annual precipitation is 2,022 mm, with extreme monsoonal precipitation
occurring between June and October. The adjacent areas suffered severe flooding due to Typhoon Nanmadol in 2011, Typhoon Tembin in
2012, and Typhoon Usagi in 2013. In order to improve the flooding situation, the government has constructed a retention pond downstream
of Dongmen Creek. To prevent the retention pond from accumulating a large amount of sediment, the Agency of Rural Development and
Soil and Water Conservation's Tainan Division installed two closed adjustable check dams upstream in 2015 (Figure 1). The horizontal beams
of the dam are designed with precast concrete that can be lifted to facilitate maintenance operations. The distance between the two check
dams is about 148 m, with an average river width of 29 m and an average riverbed slope of 2.42 degrees. The upstream dam with one
opening is made of eight precast concrete crossbars, with each precast concrete piece measuring 4 m in length, 1 m in width, and 0.5 m in

height. The downstream dam has three openings, each composed of eight precast concrete crossbars.
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Figure.1 Check dam at Dongmen Creek
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SEDIMENT RESERVOIR ACTUAL OPERATION

To regulate the sediment, two closed adjustable check dams were built. Its effectiveness was short-lived, as it became filled within three
years of being installed. To preserve downstream protected targets and reduce dredging costs, a plan is in place to first dredge the down-
stream dam to provide sufficient storage capacity and dredging roads to the upstream dam. Dredging roads can provide access to machinery
and equipment through openings of dam structures. At Dongmen Creek, three stages of check-dam management and sediment reservoir
control were adopted, referring to the laboratory experiment results (Liu et al., 2019) and the check-dam removal process (Chiu et al., 2021).
The overall bed evolution changes are shown in Figure 2 using field photograph and orthophoto.

In the first stage, all the precast concrete crossbars in the center and half of the crossbars on both sides of the downstream dam were re-
moved (July 2020). The objective was to initiate erosion to release sediment from the retention basin. At the same time, the channel bed
was to be kept in the center to protect the slopes on both sides from erosion. In stage 2, the remaining concrete crossbars were removed
to increase the release of sediment, while minimizing meandering, to return the channel to its natural state (September 2020). Once the
downstream dam storage capacity is cleared, the precast concrete crossbars can be installed to the original configuration (November 2021).
At this point, the adjustment of the upstream dam (stage 3) can remove all the precast concrete crossbars (November 2021), allowing the

natural transport of upstream sediment downstream and preventing sediment accumulation in the detention pond.
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Figure.2 Check dam adjustment timeline at Dongmen Creek
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Overall bed evolution changes illustrated by differences in digital elevation models are shown in Figure 3. Following the adjustment of the
check dam, the river channel contracts, giving rise to distinct terraces and creating favorable conditions for vegetation restoration on both
banks.
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Figure.3 DEM of difference for each of the observed years

CONCLUSIONS

Observable morphological channel changes resulted from adjustments of a check dam and sediment control reservoir. Typhoons and tor-
rential rainfall events result in major sediment deposition in Dongmen Creek. The check dam management and sediment reservoir control
process developed in this study was successfully applied in the field. Due to climate and geology characteristics which may induce large
sediment deposition in the future, two closed adjustable check dams were installed with the flexibility to be adjusted according to channel
requirements. The adjustable check dam mimics the operation and management of water reservoirs, with the ability to open and close,
allowing the dam to transform according to the temporal needs of sediment balance. It also can achieve the benefits of sediment storage

and sediment release while promoting ecological and sediment longitudinal continuity.
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