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Abstract

:

The flow of driftwood and soil into drainage from agricultural areas accelerates sedimentation and inflicts overflow damage after rainfall events due to insufficient discharge capacity, causing flooding on agricultural land. However, there have been few efforts to develop a driftwood capture trellis for agricultural drainage ditches, except for some suggested design criteria. In this study, we developed a driftwood capture trellis to capture driftwood in agricultural drainage ditches and evaluated its performance based on hydraulic characteristics. The facility was designed considering criteria for drainage and driftwood control barriers, as well as the properties of driftwood found near agricultural drainage ditches. Performance evaluation was conducted through hydraulic experiments. Driftwood capture trellises were installed in 400 mm drainage pipes and a total of 216 experimental runs were conducted: six runs each in six different velocity variations and six water depth variations. The results showed that the driftwood capture efficiency of the facility exceeded 60% at a velocity of 0.144 m³/s. Limited conditions for hydraulic experiments should be considered. The driftwood capture trellis for agricultural drainage ditches developed in this study could contribute to a reduction in overflow damage caused by driftwood sedimentation.
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1. Introduction


Sedimentation of soil and debris into drainage pipes in urban and mountainous areas caused by local and sporadic rainfall may cause overflow damage if the discharge capacity of the drainage pipes is insufficient. The increased soil moisture resulting from drainage overflow increases the possibility of a disaster related to the flow of debris, thus increasing the risk of damage to life and property. A driftwood capture trellis or design standard for drainage facilities that protects against such damage should be considered; however, reduction measures related to drainage have not yet been established, domestically or internationally. Drainage systems are used in agricultural, urban, and mountainous areas that vary in size depending on intended use. Sudden local downpours of rain tend to occur more frequently in recent years due to climate change, and cause continuous damage despite various disaster prevention and reduction measures [1,2,3,4,5,6]. Design criteria for drainage systems have been established both domestically and internationally, but little research has been conducted on the development of driftwood capture trellises, as these facilities are mostly small-scale [7,8,9,10]. From 2009 to 2018 in the Republic of Korea, climate change increased rainfall, flooding 22,323 ha of farmland and inflicting damage on a 0.61 ha to 13,154 ha area. The main culprit of the farmland flooding was overflow caused by a lack of discharge capacity because of the sedimentation of driftwood and soil in the drainage system [11]. Therefore, formulation of measures to develop and maintain effective driftwood capture trellises and increase the discharge capacity of agricultural drainage ditch systems is an urgent concern.



Drainage research has mostly been centered around hydraulic experiments or numerical modeling. Empirical equations have been suggested to calculate the amount of discharge flowing through drainage systems, which take into account the longitudinal slopes of roadways, transverse slopes, local constants, and changes in interception capacity [12,13,14,15]. As for road drainage, hydraulic experiments were conducted to analyze the interception efficiency and the effects of sediment concentration and bed slope on driftwood flow deposition and runoff reduction [16,17,18,19,20]. Some researchers calculated nonuniform flow in drainage systems through numerical modeling or assessed the safety of installing driftwood capture trellises [21,22]. Previous research on drainage mostly focused on the calculation of inflow considering discharge, sedimentation, and flow characteristics, but the efficacy of drainage driftwood capture trellises and the effect of a lack of discharge capacity have not been adequately addressed.



Previous studies on driftwood capture trellises have been concentrated on hydraulic experiments or design methods for large-scale facilities related to landslide hazards, rather than on smaller drainage systems. The research has covered hydraulic characteristics, including design methods for bridges or culverts that aim to reduce driftwood, analysis of capture efficiency based on the size of driftwood, and regression equations for design improvements [23,24,25,26,27,28,29,30]. Some researchers have explored the characteristics of driftwood sedimentation locations and capture efficiency based on structural changes and screen spacing in permeable driftwood control barriers [31,32,33,34]. The capture efficiency of debris fins, screens, and deflector screens, among other debris control tools suggested by the Federal Highway Administration (FHWA [35]), have been analyzed; all except debris fins were found to be highly effective in reducing debris flow [36].



An examination of the drainage design criteria of different nations revealed that they only provide installation criteria, not standards for the operation of facilities to mitigate disasters. In large-scale drainage systems which have high-frequency designations, driftwood capture trellis debris control facilities or retention ponds can be established, but this is not common for most smaller drainage systems located in agricultural and mountainous areas. The U.S. Department of Transportation Federal Highway Administration (FHWA [35]) and the Ministry of Land, Infrastructure, and Transport of Korea recommend the installation of debris control facilities to keep debris out of storm drains connected to the drainage system [35,37]. Debris control structures are structures placed across well-defined channels to form basins which impede drainage flow. Practices that reduce the quantity of floating debris include directional felling uphill with a tree-pulling system and providing a buffer strip of undisturbed vegetation along the drains. Debris control structures are divided into six groups according to type of debris, as shown in Figure 1.



Debris can be grouped based on size into the following categories: light floating debris (LFD), medium floating debris (MFD), heavy floating debris (HFD), floating debris (FD1), fine detritus (FD2), coarse detritus (CD), and boulders (Table 1). Debris in the drainage from agricultural lands or plains is expected to include smaller twigs, dead leaves, grit, and sand; it is difficult to classify or define clear standards for the classification of such debris. According to the standards of the FHWA [35], LFD can be defined as debris found in drainage from plains and agricultural areas, while other types are found in mountainous areas and near streams [35]. The debris control structures suggested in the past were mostly for large-scale disaster mitigation facilities in mountainous areas and near streams. There is an urgent need for the development of debris driftwood capture trellises in small-scale drainage systems in plains and agricultural lands.



Many researchers have studied large-scale facilities, including permeable driftwood control barriers or facilities, in an attempt to alleviate the damage produced by sediment-related disasters. However, driftwood reduction methods in large-scale facilities, which mostly deal with logs, not twigs, in drainage systems, are of limited applicability to smaller facilities. In general, too little attention has been paid to driftwood capture trellises for agricultural drainage ditches, both domestically and internationally.



This study intends to develop a driftwood capture trellis that captures driftwood from agricultural drainage ditches. Using a hydraulic experiment, the study estimates driftwood capture efficiency under a variety of experimental conditions and establishes installation standards for agricultural drainage ditches. In addition, it aims to determine whether design discharge is installed and estimate the capture efficiency in various areas, by developing formulas that estimate discharge conditions and capture efficiency.




2. Materials and Methods


2.1. Drainage Design Criteria


Drainage refers to ditches created to drain water. Drainage is applicable to various facilities and is installed according to the recommended frequency (not based on size). Drainage systems are used as complementary facilities to culverts, roads, streets, and slopes. Different drainage design criteria exist depending on location and expected frequency, from a 2-year frequency to a maximum 100-year frequency (Table 2). The United States divides drainage systems into natural, major, and minor drainage methods, and plans around the occurrence of 2- to 100-year events [38,39]. Japan plans around 20- to 50-year events, based on its geographical characteristics and climate conditions [40]. In Canada, drainage design plans for a 2- to 100-year event depending on the geographical characteristics of the terrain in which drainage systems are installed [41]. In Australia, the frequency varies from 3 to 40 years depending on the purpose of the specific drainage system [42]. Korea classifies drainage systems into mountainous areas, plains, and agricultural lands and sets the frequency as 20 to 50 years for mountainous areas, 10 to 30 years for plains, and 20 years for agricultural lands. Additionally, it has been suggested that at least 20% of these systems should be adjusted based on estimated flood likelihood and in consideration of the sedimentation of driftwood and soil in drainage [7,8,9].



Drainage systems can be installed in a wide range of locations, including mountainous areas, plains, and farmlands. The recommended frequency is higher for drainage systems in agricultural and mountainous areas compared to plains and roads. This is because the probability of driftwood and soil inflow into the drainage is higher in agricultural and mountainous areas than in plains and roads. However, no adequate guidelines have been provided for installing and managing driftwood capture trellises to alleviate the damage from insufficient discharge capacity due to this increased driftwood flow. Against this backdrop, it is necessary to create guidelines for development and management of driftwood capture trellises in agricultural drainage ditch systems.




2.2. Definition of Driftwood in Agricultural Drainage Ditches


Regarding debris in agricultural drainage ditches, there are no clear standards for size or type except the suggestions of the FHWA [35], which classifies small twigs and wood chips as LFD [35]. This study presents a definition of driftwood in agricultural drainage ditches in order to help develop a driftwood capture trellis. The study looks at agricultural drainage ditches in the plains region in Chungcheongnam-do, Korea. Topographically, Chungcheongnam-do is the lowest area in Korea, with an average altitude of less than 100 m. It has an average annual temperature of 11–13 °C, and average annual rainfall of 1100–1350 mm. The basin area of agricultural drainage ditches where driftwood is collected is 3.67 ha. Agricultural drainage ditches located in the target region are square-shaped with a width of 400 mm and are installed in concrete. The circumference of the target region is about 1 km, and agricultural drainage ditches are installed around 600 m. For this study, twigs and wood chips were collected within 1 km of the agricultural area, in and around the location of agricultural drainage ditches (Figure 2).



In the agricultural drainage ditches area, driftwood from various plants and crops were collected that fell within a size range that would be able to flow into the agricultural drainage ditches. A total of 350 pieces of driftwood were collected that were 1 to 25 mm in diameter and 100 to 500 mm in length. More than 60% of the pieces of driftwood were within 2 to 6 mm in diameter. In addition, 90% of the collected driftwood specimens were 12 mm or less in diameter, and only about 10% were between 12 mm and 25 mm in diameter. The driftwood entering agricultural drainage ditches was confirmed to be mostly light floating driftwood (LFD). The details of the driftwood collected are shown in Table 3.




2.3. Development of Driftwood Capture Trellis for Agricultural Drainage Ditches


Few researchers have paid attention to the development of driftwood flow of driftwood capture trellises for agricultural drainage ditch systems. Most previous research has focused on large-scale damage mitigation facilities, including driftwood control structures or ring net barriers; smaller agricultural drainage ditch systems have not received sufficient attention. In this study, we examine drainage design criteria, driftwood control structures, and the characteristics of driftwood in order to develop a driftwood capture trellis for agricultural drainage ditches.



The study incorporated diverse standards for the driftwood flow of driftwood capture trellises, as follows. First, the installation of a driftwood capture trellis in agricultural drainage ditches was assumed to cause overflow damage due to the deposition of driftwood. To prevent overflow, we set the overflow height at 20% of the drainage height, as suggested in established design criteria. Second, the standard for the driftwood to be reduced in agricultural drainage ditches was established at 12 mm or less in diameter. Third, the opening, which accounts for 80% of the drainage height in an agricultural drainage ditch system (the remainder is overflow), was designed with grates similar to those in driftwood flow of driftwood capture trellises. The horizontal and vertical net distance standards followed those of the design criteria for permeable driftwood barriers in Japan as there are no relevant existing criteria for general driftwood control facilities [43]. Permeable driftwood barriers are installed to capture driftwood flow and driftwood in sediment disasters, and the design criteria for the opening of the facility is set at 1.0 times the maximum diameter for the horizontal and vertical net distance. However, driftwood control barriers, which are large structures designed to capture driftwood or rocks, can be blocked by driftwood when used in smaller facilities such as agricultural drainage ditch systems. Thus, smaller facilities set the design criteria at 1.0 to 2.0 times the maximum diameter for the horizontal and vertical net distance. Since the driftwood collected around the agricultural drainage ditches had a maximum diameter of 25 mm, the horizontal and vertical net distance of the opening was set from 25 to 50 mm.



As mentioned above, the driftwood capture trellis for agricultural drainage ditches suggested in this study was developed considering various design criteria. The parameters of the agricultural drainage ditch system are as follows: drainage width (B), drainage height (H), opening height (h), overflow height (y), horizontal net distance (d1), and vertical net distance (d2). A schematic design of the driftwood capture trellis is shown in Figure 3.




2.4. Manning Equation


The Manning equation is used to estimate the average velocity in open channels and pipe conduits. The roughness coefficient determined by the quality of riverbeds was applied by eliminating the depth effect of the Chezy coefficient. In addition, n is the roughness coefficient of the Manning equation, which is often determined by the quality and forms of riverbeds, but is rarely affected by flow characteristics. The Manning equation is shown in Equation (1).


  V =  1 n   R h      2 3     S O      1 2     



(1)




where, V is average velocity, n is the roughness coefficient, Rh is hydraulic radius, and So is the slope of the hydraulic grade line. The depth estimated by the Manning equation is called the normal depth, and the riverbed slope at the normal depth is called the normal slope.




2.5. Froude Number


The Froude number refers to the inertial force ratio relative to the gravity of flow or the surface velocity ratio relative to the average velocity of flow. Flow states are divided into ordinary, critical, and supercritical flow, depending on the ratio of inertial force to gravity. The formula used to estimate the Froude number is shown in Equation (2).


   F r  =  V    g h      



(2)




where, V is the local flow velocity, g is the gravitational acceleration, and h is the average depth of the channel section. If Fr < 1, the flow state is ordinary, and flow is dominated by gravity rather than by inertial force; such a flow, with relatively high depth and low velocity, seems to be normal. If Fr> 1, the flow state is supercritical, and is dominated by inertial force rather than by gravity; such a flow, with a relatively low depth and high velocity, seems to be non-normal.





3. Results


3.1. Characteristics of the Agricultural Drainage Ditches Hydraulic Lab


In prior studies, the specifications used for and the foundations of experiments in hydraulic laboratories were generally referenced, but details about the experimental set-up were limited. Furthermore, most hydraulic labs adopted scaled models to examine the hydraulic characteristics of large-scale facilities, which can confirm qualitative influences but are limited in their ability to show quantitative influences. In this study, a lab was built to conduct hydraulic experiments on an agricultural drainage ditch system at a scale of 1:1 to the actual drainage, as shown in Figure 4, so as to most clearly reveal the hydraulic characteristics of the drainage.



The hydraulic laboratory has a total area of approximately 306.25 m² (17.5 m wide and long). Water from the water tank is transferred to the head tank through the pump, and water is supplied to the drainage through the rectifying tank to ensure a stable supply of water. The available discharge was used at a rate of 0.32 m³/s with a width of 400 mm, a depth of 400 mm, and velocity of 2.0 m/s to model agricultural drainage ditches. The water used in the experiment was designed as a looping supply, since water is supplied to the water tank through the return tank. The entire system stores around 114 m³ of water (in the water tank, head tank, and rectifying tank). The maximum supply of water was maintained for five minutes in the hydraulic experiment. The width of the agricultural drainage ditches was 400 mm, which was the average size of the drainage troughs in the surveyed agricultural areas. The amount of stored water was sufficient to supply the water flow for the hydraulic experiment. The specifications of the hydraulic experiment for each facility in the laboratory are shown in Table 4.




3.2. Experimental Conditions


The conditions of the hydraulic experiment for agricultural drainage ditches were set for driftwood capture trellis, driftwood, and experimental conditions. Driftwood capture trellises for agricultural drainage ditches are areas that have not yet been studied at the domestic and international level. It is difficult to apply the same design criteria for large-scale driftwood capture trellises because design criteria for driftwood capture trellises for agricultural drainage ditches have not been established. Therefore, it is necessary to review additional experiments after preliminary application to existing unestablished research fields.



As mentioned above, the driftwood flow of the driftwood capture trellis designed in this study was developed considering various design criteria. A 400 mm wide agricultural drainage ditch was installed in the hydraulic laboratory along with a driftwood capture trellis with overflow height, opening height, and horizontal and vertical net distance as suggested in the design plan. The driftwood capture trellis was a square 400 mm in length, 80 mm in overflow height, 320 mm in opening height, 46 mm in horizontal net distance, and 35 mm in vertical net distance, with barriers 5 mm in diameter. The barriers were designed in an 8 × 8 grid, with horizontal and vertical net distances in the range of 1.0 to 2.0 times the maximum diameter of the driftwood, or between 25 and 50 mm. The driftwood capture trellis for agricultural drainage ditches developed in this study is shown in Figure 5.



It is difficult to apply driftwood collected in the vicinity of agricultural drainage ditches to various hydraulic experiments. In order to carry out many hydraulic experiments, it is necessary to apply the same sized driftwood in each. However, realistically, it is difficult to collect the same sized driftwood. Therefore, it is necessary to select an experimental tool that can provide the same size of driftwood and set it up according to the experimental conditions. Therefore, in this study, circular construction materials with various diameters were used. The opening of the agricultural drainage ditch pipe, excluding the overflow height, was 400 mm wide, 320 mm high, and had an area of 128,000 mm². In the experiment, 50% of the total opening area, or 64,000 mm², was applied as the size of one load of driftwood to test various velocity and water depth conditions. The length of the driftwood was set at 160 mm, or 50% of the opening height, and the driftwood had the shape of a round bar, similar to the twigs that were collected. The diameter of the driftwood was set at 12 mm or less, which represented 90% of the collected twigs, and there were 10 to 12 pieces of driftwood in one load with diameters of 3, 5, 7, 10, and 12 mm. The specifications of the driftwood used in the hydraulic experiments are shown in Table 5.



In the hydraulic experiments, the range of the discharge that can be supplied by the pump station was determined by the depth and velocity of the flow. The maximum discharge of the pump of the hydraulic laboratory was 0.33 m³/s, assuming a pump efficiency of 80%, so the experimental conditions were set at 0.26 m³/s or less, depending on the depth and velocity of the flow. As a result, six variations of the velocity (0.3, 0.6, 0.9, 1.2, 1.5, and 1.8 m/s) and six variations of the depth (0.08, 0.12, 0.16, 0.20, 0.24, and 0.28 m) were used. The discharge range was set at 0.01 to 0.20 m³/s to meet the pump capacity based on the efficiency of the hydraulic laboratory. A total of 216 runs of the experiment were conducted in this study. The experimental conditions were as follows: one variation for agricultural drainage ditches, one variation for driftwood capture trellis, six variations for velocity, six variations for water depth, and six repetitions of driftwood drops, as shown in Table 6.



A digital point gauge (PH-355) was used to observe depth and a one-dimensional electronic hydrometer (FLO-MATE 2000) was used to observe velocity under the hydraulic experiment conditions (Figure 6). The depth was measured by observing the distance at which the needle at the lowest part of the point gauge reached the surface of the water. The total length of the observer was 600 mm and the valid measurement length was 400 mm, with an accuracy of ± 0.01 mm and a margin of error of ± 0.04 mm. Velocity was measured by observing the potential difference between two sections of fluid flow. The measurable velocity ranged from 0 to 2 m/s, and 1 directional characteristic of velocity was observed.




3.3. Driftwood Capture Efficiency of the Driftwood Capture Trellis


Out of the 216 runs of the experiment, six runs were conducted for each of six variations of velocity and six variations of water depth—36 different variations in total. During the experiment, overflow damage was observed in three runs: when the water depth was 240 mm and the velocity was 1.8 m/s, and when the water depth was 280 mm and the velocity was 1.5 m/s and 1.8 m/s. Overflow damage was attributable to insufficient discharge capacity. The results from the experiments on minimal and maximal velocity at which driftwood is captured according to depth condition are shown in Appendix A. The driftwood capture efficiency of the driftwood capture trellis was between 50 and 100%, as shown in Figure 7: 80–100% at 80 mm water depth; 60–100% at 120 mm water depth; 50–100% at 160 mm water depth; 50–95% at 200 mm water depth; 70–95% at 240 mm water depth; and 80–97% at 280 mm water depth.



The average capture efficiency observed during the six runs of the hydraulic experiment for each of the 33 conditions is shown in Table 7. The observed capture efficiency, which ranged from 50.88 to 100%, tended to decrease as the velocity increased at the same water depth. Capture efficiency increased with increasing velocity, and there was a difference of less than 20% to more than 50% depending on the water depth condition. This is most likely due to fluctuations in capture efficiency according to flow and location of the driftwood capture trellis grid. The flow effect changed to a supercritical flow at velocities greater than 1.2 m/s, and the capture efficiency rapidly decreased. In order to consider the flow effect on both depth and velocity, the installation conditions of the driftwood capture trellis are presented in terms of discharge and Froude number.




3.4. Hydraulic Performance Evaluation of the Driftwood Capture Trellis


Design standards for hydraulic structures are created depending on the design discharge and the characteristics of the region in Korea. In addition, the size of an agricultural drainage ditch is set so that a stable flow occurs at the design discharge. In order to consider various discharge and flow conditions, an equation for calculating discharge and Froude number was proposed. Given the capture efficiency obtained for the velocity and depth of the flow, discharge capture efficiency curves and Froude number were estimated using the continuity and Manning equations (Figure 8).



The size of agricultural drainage ditch systems is planned considering various discharge rates. Therefore, in order to install a driftwood capture trellis for agricultural drainage ditches, a regression equation was calculated using the estimated curve to consider the effect of capture efficiency according to flow rate and flow state. The regression equation used to estimate the capture efficiency of the driftwood capture trellis was   CE = 101.6 − 243.8 × Q   for flow and   CE = 98.4 − 15.6 × F r   for Fr. Here, CE is capture efficiency, Q is discharge, and Fr is Froude Number. According to the estimation curve, within the discharge range of 0.01 to 0.144 m³/s, the capture efficiency of the driftwood capture trellis was ≈ 60% or greater. The less the rate of discharge, the higher the capture efficiency: 80% capture efficiency was maintained at 0.10 m³/s or lower. As for the Froude number, the capture efficiency was estimated at ~80% or higher when Fr < 1, which represents a subcritical flow, and ≈ 60% or higher if 1 < Fr < 2.1, which represents a supercritical flow.



The driftwood capture trellis was found to capture approximately 60% of the driftwood in agricultural drainage ditches according to discharge rate and Froude number. However, when the flow rate in the drainage was 0.144 m³/s or greater, overflow occurred due to a reduction in the opening area caused by the captured driftwood. Based on these findings, the driftwood capture trellis in the agricultural drainage ditch system developed in this study would guarantee over 60% capture efficiency at a flow rate of 0.144 m³/s or less. Moreover, using such hydraulic characteristics as flow rate and Froude number, it is possible to establish installation standards for driftwood capture trellis according to the target capture efficiency. The capture efficiency of the regression equation proposed in this study is based on data obtained in various experiments. Although qualitative results were calculated using the regression equation, as discharge and increase, the volatility of the capture efficiency greatly increases. It is necessary to install driftwood capture trellises in consideration of this uncertainty.





4. Discussion


Most existing driftwood capture trellises for capturing driftwood are large-scale, such as erosion control facilities in mountainous areas or deflectors that prevent driftwood from entering sewer systems; small facilities such as those designed for agricultural drainage ditches have not yet been developed. In Korea, damage has continuously occurred from 2009 to 2018 due to a lack of discharge capacity in agricultural drainage ditches [11]. In spite of this continuous damage, effective smaller driftwood capture trellises have not been developed, in part due to the insufficient effects of the small-scale facilities that do exist and, therefore, incessant maintenance issues.



Most previous studies studied the effects of driftwood capture trellises by using hydraulic experiments, according to size and form [12,13,16,17,18,19,20]. This study developed a driftwood capture trellis for agricultural drainage ditches and suggested the normal discharge rate as less than 0.144 m3/s. The results of the hydraulic experiment showed that overflow damage occurred along with the capture of driftwood if the discharge rate exceeded 0.144 m3/s after the installation of the driftwood capture trellis. A formula for estimating the driftwood capture efficiency according to discharge conditions was proposed for the hydraulic experiment, and a capture efficiency of 60–100% was estimated at a discharge rate of less than 0.144 m3/s. The estimated capture efficiency in this study is higher than those seen in other studies based on hydraulic experiments [31,32,33,34].



It should be acknowledged that the facilities developed in this study have certain limitations. For example, they target driftwood flow without considering the influence of soil sedimentation. However, when driftwood and soil are combined, it is difficult to conduct hydraulic experiments or numerical modeling for driftwood capture trellises. Further studies are required to investigate the applicability of this type of agricultural drainage ditch facility and to assess the measures that must be taken to manage and maintain such facilities. In addition, the safety of the impact force of the driftwood capture trellis due to the inflow of driftwood must be considered. It is necessary to monitor actual rainfall events by installing the developed driftwood capture trellis at a test site. This will allow for establishment of maintenance standards considering the capture effect and impact force of driftwood from rainfall events.



It should be possible to maintain the effectiveness of driftwood capture trellises in continuous use. In addition, since the current study was limited to driftwood reduction, the influence of soil deposits in agricultural drainage ditches should be analyzed with numerical modeling in order to incorporate it in the development of future driftwood capture trellises for agricultural drainage ditches.




5. Conclusions


In this study, we developed a driftwood capture trellis to prevent overflow damage caused by the sedimentation of driftwood flowing into agricultural drainage ditches and evaluated the performance of the system through hydraulic experiments. According to the hydraulic experiment, a capture efficiency of 50.88–100.00% for driftwood in ditches in laboratory conditions was observed. Under several experimental conditions (i.e., discharge greater than 0.144 m3/s), overflow damage was observed. The driftwood capture trellis developed in this study is thus expected to be installed at sites with rates of discharge less than 0.144 m3/s.



The discharge was calculated according to the experimental conditions of water depth and velocity, and a regression equation for estimating the discharge condition and capture efficiency was proposed. The regression equation used to calculate the capture efficiency of the driftwood capture trellis considering discharge is CE = 101.6 − 243.8 × Q. At a flow rate of 0.01 to 0.144 m³/s, the capture efficiency was higher than 60% on the estimation curve, and the lower the flow rate, the higher the capture efficiency. The capture efficiency regression equation of the driftwood capture trellis considering Fr is CE = 98.4 − 15.6 × Fr. The capture efficiency was estimated at about 80% or higher if Fr < 1, which represents a subcritical flow, and about 60% or higher if 1 < Fr < 2.1, which represents a supercritical flow.



Based on the results of this study, the driftwood capture trellis will be useful in mitigating overflow damage by capturing driftwood in agricultural drainage ditches before it is deposited or flows into the drainage. Of course, there were limitations in terms of the number of experimental conditions used to develop the driftwood capture trellis, application of driftwood, and topographical characteristics. In addition, proper maintenance is required after installation of the driftwood capture trellis. Future research would greatly benefit from testing varying grid sizes to suit various topographical conditions and design facilities to meet a specific target capture efficiency.
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Figure A1. Capture efficiency of the driftwood capture trellis by experimental condition: (a) B400mm-H80mm-V0.3; (b) B400mm-H80mm-V1.8; (c) B400mm-H120mm-V0.3; (d) B400mm-H120mm-V1.8; (e) B400mm-H160mm-V0.3; (f) B400mm-H160mm-V1.8; (g) B400mm-H200mm-V0.3; (h) B400mm-H200mm-V1.8; (i) B400mm-H240mm-V0.3; (j) B400mm-H240mm-V1.5; (k) B400mm-H280mm-V0.3; (l) B400mm-H260mm-V1.2. 
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Figure 1. Debris control structures: (a) deflector; (b) rack; (c) riser; (d) crib; (e) fin; (f) dam [35]. 
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Figure 2. Driftwood found near agricultural drainage ditches. 
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Figure 3. Design of the driftwood capture trellis for agricultural drainage ditches. 
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Figure 4. Hydraulic lab used to study agricultural drainage ditches: (a) water tank; (b) pump station; (c) head tank; (d) rectifying tank; (e) agricultural drainage ditches (400 mm); (f) return tank; (g) plan view. 
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Figure 5. Driftwood capture trellis for agricultural drainage ditches: (a) driftwood capture trellis (plan); (b) photograph of the implemented driftwood capture trellis. 
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Figure 6. Observation station: (a) digital point gauge; (b) one-dimensional electronic hydrometer. 
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Figure 7. Capture efficiency of the driftwood capture trellis according to depth: (a) H = 80 mm; (b) H = 120 mm; (c) H = 160 mm; (d) H = 200 mm; (e) H = 240 mm; (f) H = 280 mm. 
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Figure 8. Capture efficiency of the driftwood capture trellis by hydraulic characteristics: (a) capture efficiency by discharge; (b) capture efficiency by Froude number. 
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Table 1. Type of debris.






Table 1. Type of debris.





	Debris Classification
	Type





	Light Floating Debris (LFD)
	small twigs, wood chips, cloth



	Medium Floating Debris (MFD)
	twigs, big wood chips



	Heavy Floating Debris (HFD)
	log, timber



	Floating Debris (FD1)
	fluent substances, including clay, silt, sand, pebble, wood chips



	Fine Detritus (FD2)
	homogeneous silt, sand, and gravel without suspended solids deposited where flow is slow



	Coarse Detritus (CD)
	coarse gravel, rack fragments



	Boulders (B)
	boulder, large rock fragment in the event of a flood
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Table 2. Frequency for drainage by country.
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Nation

	
Target Areas

	
Frequency






	
U.S.

	
All

	
2 to 100 years




	
Canada

	
All

	
2 to 100 years




	
Australia

	
All

	
3 to 40 years




	
Japan

	
All

	
20 to 50 years




	
Korea

	
Mountain Area

	
20 to 50 years




	
Plain

	
10 to 30 years




	
Agricultural Land

	
20 years
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Table 3. Driftwood found near agricultural drainage ditches.
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Diameter (mm)

	
Count

	
Ration (%)

	
Diameter (mm)

	
Count

	
Ration (%)






	
1–2

	
16

	
4.6

	
12–13

	
6

	
1.7




	
2–3

	
46

	
13.1

	
13–14

	
5

	
1.4




	
3–4

	
65

	
18.5

	
14–15

	
6

	
1.7




	
4–5

	
59

	
16.8

	
15–16

	
2

	
0.6




	
5–6

	
44

	
12.6

	
16–17

	
1

	
0.3




	
6–7

	
34

	
9.7

	
17–18

	
3

	
0.9




	
7–8

	
16

	
4.6

	
18–19

	
2

	
0.6




	
8–9

	
16

	
4.6

	
19–20

	
1

	
0.3




	
9–10

	
9

	
2.6

	
20–25

	
4

	
1.1




	
10–11

	
7

	
2.0

	
Sum

	
350

	
100.0




	
11–12

	
8

	
2.3
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Table 4. Specifications for hydraulic laboratory.
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	No.
	Facilities
	Dimension

(Width × Depth × Height)
	Capacity





	(a)
	Water Tank
	11,000 mm × 6850 mm × 700 mm
	52.8 m³



	(b)
	Pump Facilities
	15 HP × 2ea, 10 HP × 1ea
	0.33 m³/s



	(c)
	Head Tank
	4000 mm × 6000 mm × 2000 mm
	48.0 m³



	(d)
	Rectifying Tank
	5000 mm × 4000 mm × 700 mm
	14.0 m³



	(e)
	Drainage
	4000 mm × 8750 mm × 400 mm
	1.4 m³



	(f)
	Return Tank
	14,000 mm × 1500 mm × 200 mm
	4.2 m³
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Table 5. Driftwood types and specifications.
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Driftwood

	
Length (mm)

	
Diameter (mm)

	
Count

	
Effective Cross-Sectional Area (mm²)
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160

	
3

	
12

	
5760




	
5

	
12

	
9600




	
7

	
12

	
13,440




	
10

	
10

	
16,000




	
12

	
10

	
19,200




	
Sum

	
41

	
64,000
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Table 6. Experimental conditions for agricultural drainage ditches.
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Agricultural Drainage Ditches (Width(m))

	
Driftwood Capture Trellis

	
Velocity (m/s)

	
Depth (m)

	
No. of Drops

	
No. of Driftwood Drops






	
0.4

	
8 × 8 grid

	
0.3

	
0.08

	
6 drops

	
1 drop of driftwood = 41 pieces, ø3 mm ~ ø 12 mm in diameter




	
0.6

	
0.12




	
0.9

	
0.16




	
1.2

	
0.2




	
1.5

	
0.24




	
1.8

	
0.28




	
Number of experiment runs

	
216
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Table 7. Capture efficiency of the driftwood capture trellis by experimental conditions.
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Water Depth (mm)

	
Unit (%)




	
Velocity(m/s)

	

	
80

	
120

	
160

	
200

	
240

	
280






	
0.3

	
100.00

	
100.00

	
99.44

	
94.69

	
95.44

	
97.31




	
0.6

	
96.81

	
95.94

	
90.44

	
86.13

	
87.63

	
94.31




	
0.9

	
94.69

	
93.13

	
81.00

	
86.50

	
89.81

	
93.94




	
1.2

	
89.50

	
87.75

	
82.19

	
75.31

	
84.81

	
81.70




	
1.5

	
86.13

	
84.38

	
75.88

	
71.69

	
67.94

	
overflow




	
1.8

	
80.50

	
62.00

	
50.88

	
52.25

	
overflow

	
overflow
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