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ABSTRACT  Scouring that occurs in cross-section a river can be caused by morphological conditions of the river and the effect of bridge piers that obstruct the flow. Availability of piers and abutments can cause the stability of soil base granules to be disrupted, downflow, and horseshoe vortex that causes soil base granules around the bridge pier to be transported the flow that causes occurrence in local scouring. The problems of local scours also occurred in Krueng Ineng river, Alue Buloh Village, Nagan Raya Regency. Local scours on the bridge piers will cause a structural collapse which has the impact of decreasing the stability of the bridge structure currently. In this study, local scour analysis are using empirical equations with the Froehlich, Lacey and Colorado State University Method. The Results of the analysis with used the peak discharge (Qp100) that occurs in the Krueng Seunagan watershed is 1513m3/sec. Analysis with a flow depth of 3.06m, Froude number 0.29, pier width with lenticular shaped 4m, and D50, D95 (average grain size analysis ) 0.91mm and 4.35mm, show a maximum scour depth at the field of 1.65m and 1.68m occurs in point (station) 2 and 3 on segment 5. Analysis with the Froehlich, Lacey Method and the CSU Method shows a scour depth is 1.68m,  4,47m (Qp100) and 2.43m. The closest measurement result in the field is the Froehlich Method. With this result, it will be input for local governments to plan appropriate handling for minimizing local scour in this study area.

KEYWORDS local scour; scour depth; lacey method; froehlich method; CSU method.
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1   INTRODUCTION
The problem with bridges on a cross section of the river is the structural damage under bridges such as foundations, piers, abutments, which in some cases will lead to the collapse of the bridges. The main structure at the bottom of the bridge is piers which are directly related to the water flow. Flowing water in the river is usually accompanied by scouring and sedimentation processes. The process of scouring that occurs can be caused by river morphological conditions and the existence of piers that obstruct the flow (Rizaldi et al. 2020). 
The existence of obstacles such as buildings under the bridge can cause changes in river morphology can cause aggradation and degradation. Aggradation at the riverbed can cause the river to experience sedimentation, and if the sediment is allowed to settle it can cause flooding because the river basin is reduced. Sediment that is constantly eroded due to the 

increased flow velocity will make the structure of the bridge above it unstable. Meanwhile, that degradation occurs will cause the riverbed erosion is deepened, and erosion on the cliffs will cause the river to widen and causing meander deposition at the river (Purwantoro 2015). Local scouring usually occurs in a river channel obstructed by a bridge pier it causing a vortex at the upstream bridge of piers that the water flow changes rapidly so that the acceleration of flow will cause the water level to rise (Ahmad et al. 2017).
The angle of an attack of pier  caused by bridge piers and abutments can also result in a disrupted material balance on the riverbed, establish of downflow and horseshoes vortex that causes the riverbed around the piers to be transported by the water flow, that resulting in local scouring around the piers.  Local scouring on the bridge pier will have an impact on the structural stability of the bridge (Breusers and Raudkivi 1991). At the obstruction in form of pier, in formation of vortex at the base of the pier as known as horseshoes vortex (Akan 2006).
Scouring occurs due to sedimentation, narrowing of river flow, and local scouring. Analysis of local scour is very complicated which is also influenced by river conditions and river geometric because the stream or river can also cause bridge stability problems. The scouring caused by contraction scour occurs due to changes in the morphology of the river which is increasingly narrow where most of it is caused by the existence of water buildings (Rustiati 2007).
Different factors affect scouring around the bridge pier. Among them is the shape of the pier which will affect the flow pattern around the bridge pier and influence the creation and strength of the vortex (Farooq and Ghumman 2019). Scouring is high at the initial stage and the backwater flow. Rectangular pier shows the maximum scour depth of 6.3 cm and 2.6 cm which is minimum for oblong piers. The scour depth increases due to increased intensity of flow parameters. The oblong shape is considered as the best among the three piers which restrict the local scour by 50% from maximum scouring for rectangular pier (Roy 2017). 
Correlation the depth of scouring with its parameters illustrate the flood flow, the characteristics of the base sediment, geometric and the rate of scour (Melville 2008). In studying the phenomenon of local scour, many researchers have done it both experimentally and theoretically by considering the parameters that affect the local scour. Three types of scouring due to the influence of the bridge pier are local scour and contraction scour. Factors affecting the scour depth that occur around bridge pier are river flow velocity, flow depth, sediment roughness, pier size and shape (Piers, Akib, and Rahman 2013). The Colorado State University (CSU) method is the most widely used equation in America where is using to predict the maximum scour depth for live-bed conditions and clear water condition (Administration 2012).
One area that experienced local scouring problems was the bridge on Alue Buloh area of Seunagan District, Nagan Raya Regency. The construction of this bridge is one of the access between Alue Buloh Village and Latong Village. The problems at this location are the riverbed scours are already that occur in a downstream bridge. The occurrence of scouring on the right bank of the river that threatens agricultural areas, community housing and collapsed the abutments effect by the floods in 2018. 
This study aims to obtain the magnitude of design flow discharge in rivers with periods of 50 years and 100 years. Then the design flow discharge data is used to determine the scour depth that occurs around the bridge pier at the study site. Scour depth analysis in this study uses the empirical method with the Froehlich method, Lacey Method and the Colorado State University (CSU) method. So that later will be obtained the efforts to anticipate scours problems that occur around the bridge pier and will be input for the local Government in planning for handling the local scours by the location of study.
2  METHODS
2.1     Location Research
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The location of this research is carried out only in areas that experience local scouring problems under the bridge in Alue Buloh area of Seunagan District, Nagan Raya Regency, which is one of the access between Alue Buloh Village and Latong Village (Figure 1). 
Figure 1. Location of Study In Alue Buloh
2.2     Procedures and Analysis
Primary data obtained through observation in the field and secondary data from related institutions to support research. The primary data include the shape and dimensions of the pier, the distance between the piers, pier length, depth of flow, the angle of an attack of flow, and sediment samples. For secondary data in the form of topographic map data, river cross-section, and rain data to get the design of flood discharge.
The methodology was arranged to simplify the implementation of research. The flowchart of research implementation can be seen in Figure 2. The steps in processing this research data follow the flowchart of research. The data processing steps carried out in this study are based on research flowchart:

1. Field survey;

2. Obtain field data: pier dimensions, pier shapes, sediment samples, depth of flow, velocity of flow, and riverbed elevation. 

3. Measurement of water flow velocity in rivers with a buoy, because there is no current meter:

a. Set one point on the side of the river with a wooden peg marked on another point across the river in the form of a perpendicular to the direction of flow;

b. Determine the distance L 20 meters perpendicular to the flow;

c. Wash the buoy by pressing the stopwatch button at the start.;

d. When the buoy crosses the second line the stopwatch is pressed again, so that the T flow time is obtained;

e. Flow velocity can be calculated by the length of the distance divided by time or L / T (m / sec). Keep in mind that this method will get the flow velocity at the surface only, and then measurement must be done several times given the uneven distribution of surface flow.

4. Measurement of grain size analysis:

a. Sediment sample was tested with a sieve analysis to obtain the percentage of sediment passed through a sieve;

b. Make a filter analysis chart, the correlation between a sieve diameter and percentage of sediment escaped;

c. The grain size used is the average grain size D50 and D95 from the graph.
5. Measurement of river bed elevation:
a. specify a point in the upper reaches of the river as a datum point in the river;

b. Divide into several river sta directions and from each river sta divided into several segments with their respective distances;

c. Measure base elevation in each segment with the theodolite and draw a cross-section of river.

6. Analysis of design flood discharge using the Synthetic Hydrograph Nakayasu method.
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Soewarno (1995), the Synthetic Hydrograph Nakayasu is a way to obtain the design of a flood hydrograph in a watershed. To get the magnitude of the design flood hydrograph is needed parameter data that covers the watershed area. The Nakayasu Synthetic Unit Hydrograph Equation is as follows (Yuliansyah, Aprizal, and Nurhasanah 2017).
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Where: Qp = design flood discharge (m3/s);    Re = unit rain (mm); Tp = time lag (the beginning of the rain to the peak of the flood) (hour); T0.3 = time required for a discharge decrease, from peak discharge to 30% of peak discharge (hour).
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The synthetic unit hydrograph curve equation:
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For t < Tp :
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For t < Tp+T0,3 :
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For t < Tp+T0,3 +1,5T0,3 :                                                                           
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for  t > Tp+T0,3 +1,5T0,3 :
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Where: Tr = duration of effective rain; 
Tg= concentration time (hour); t = time (hour); 
L = length of river channel (km); Qt = Runoff before and after reaching peak discharge (m3/sec).

	No
	Shape of pier nose
	K1

	1
	Square nose
	1,1

	2
	cylinder
	1,0

	3
	Round nose
	1,0

	4
	Circular cylinder
	1,0

	5
	Sharp nose
	0,9


7. Then determine the depth of scouring with the CSU Method, Lacey Method, and Froehlich Method.
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The CSU equation is the most widely used equation in America and used to predict the maximum of scour depths for both live-bed and clear-water scour conditions (Garde, R and Kothyari, U 1998).
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Where: ds = scour depth (m); K1 = correction factor for pier nose shape (are shown in Table 1); K2 = correction factor for angle of attack of flow (are shown in Table 2); K3 = correction factor for bed condition (are shown in Table 3);                    K4 = correction factor for armoring of bed material. Correction factor K4 = 1.0 if D50 <2 mm or D95 <20 mm for the bed material. If D50 >2 mm and D95 >20 mm, then K4 decreases the scour depths for armoring of the bed material (Mueller and Jones, 1999); VR = velocity ratio, V3 = average velocity in the main channel at the cross-section just upstream of the bridge; Vi50 = approach velocity required to initiate scour at the pier for grain size D50, Vi95 = approach velocity required to initiate scour at the pier for grain size D95,          Vc50 = critical velocity for D50 bed material size, Vc95 = critical velocity for D95 bed material size;    Ku = 6,19 m1/2/s = 11,17 ft1/2/s, and y3 = depth of flow from upstream of the pier; Fr = Froude number; y3 = flow depth directly upstream of pier (m); θp = pier angle of an attack; L = pier length  (m);  b = pier width (m).
Table 1. Correction Factors K1 For Pier Shape

Table 2. Correction Factors K2 For Pier Angle
	No
	pier angle
	L/b = 4
	L/b = 8
	L/b = 12


	1
	0
	1,0
	1,0
	1,0

	2
	15
	1,5
	2,0
	2,5

	3
	30
	2,0
	2,75
	3,5

	4
	45
	2,3
	3,3
	4,3

	5
	90
	2,5
	3,9
	5,0


There are several methods that can be used to calculate the depth of scours that occur on the riverbed around the piers, such as: Laursen and Toch Method, Lacey Method, Colorado State University Method (CSU), Breuser and Raudkivi Method, Simon Method and Senturk and the Froehlich Method.
Table 3. Correction Factors K3 For Bad Condition

	Bed condition
	Dune height
	K3

	Clear water scour
	Not applicable
	1,1

	Plane bed and antidune flow
	Not applicable
	1,1

	Small dunes
	0,6 – 3,0 m
	1,1

	Medium dunes
	3,0 – 9,1 m 
	1,1–1,2

	Large dunes
	>9,1 m
	1,3


The equation developed by Dr. David Froehlich (1987), that depth of scour as a function of Froude number, pier width, flow angle of attack, pier type and grain size (Froehlich 2013). The form of the equation is:
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Chow (1988), that due to the earth's attraction to flow is expressed by the ratio of inertia to the earth's attraction force (g).


Where: ds = scour depth (m); Fr = Froude number; y = depth of flow (m); b = width of the pier; Ɵ = flow angle; L= length of pier (m);          d50 = grain size (m); K=coefficient of pier type      (K = 1.3 for square piers, K= 1.0 for round or round-ended piers, K= 0.7 for acute-pointed piers); V = flow velocity (m/s); h = depth of flow (m).
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Lacey (1930) introduced the formula for the prediction of the maximum scour depth around piers and abutment-like structures (Rahman and Haque 2003).

where ds = scour depth measured from the initial bed level,  h = approach flow depth, Q = regime discharge, f = Lacey clay factor which is a function of basic material = 1.76 x √ (grain size) d50, and d50 = grain size diameter (mm).
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Figure2. The Flowchart of Research Implementation
3   RESULTS AND DISCUSSION
3.1     Measurement of  Pier Dimension
This measurement is carried out to determine the dimensions of the piers that will be used in research. From measurements in the field, pier dimension data obtained such as pier width, the distance between piers, and pier shape (are shown in Table 4). Map of the situation at the study area are shown in Figure 3.

Table 4. Measurement of Pier Dimensions
	No
	Measurement of Pier Dimension

	1
	pier width
	4 m

	2
	the distance between piers
	50 m

	3
	pier shape
	Round nose


3.2     Measurement of  Riverbed Elevation
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Based on measurements in the field, obtained data from river bed elevation measurements as shown in Figure 3 below.

Figure 3. Cross-section of The Riverbed Elevation    Data River Station
	Parameters of  Nakayasu
	Data and Result

	Qp 50
	    195,130

	Qp 100
	    299,230

	Watershed Area
	    995,86      km2

	length of the longest channel
	             132,92      km

	Tg = 0,40 + 0,058 * L
	                   7,749   hours

	Tp = Tg + 0,8 * Tr
	                  12,399   hours

	Tr= 0,75 * tg
	                       5,812   hours
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	                    15,499   hours

	
	                    14,394  m3/det


 The grain size analysis to obtain the required grain diameter as a parameter in the scour depth calculation. The variable to be obtained is the average particle size diameter of D50 and D95 sediment grain. Sediment grain size analysis are shown in Table 5 and figure 4.

Table 5. Sediment Grain Size Analysis
	Diameter Sieve (mm
	soil  retained  on  each  sieve (gram)
	% soil  retained  on  each  sieve
	soil  retained  finer
	% Finer

	4.75
	5.46
	2.73
	194.54
	97.27

	2.36
	27.14
	13.57
	167.40
	83.70

	1.18
	39.14
	19.57
	128.26
	64.13

	0.6
	        60.68
	      30.34
	     67.58
	33.79

	0.3
	47.49
	23.74
	20.09
	10.05

	0.15
	17.57
	8.78
	2.53
	1.26

	0.075
	2.53
	1.26
	0.00
	0.00


[image: image33.wmf]0,65

)

p

sin

θ

b

L

+

p

(cos

θ

=

2

K

The results analysis of the sediment grain that has been carried out (figure 4) obtained the average values of sediment grain size for D50 is 0.91 mm and D95 is 4.35 mm.


Figure 4. Sediment Grain Size Analysis
3.3     Analysis of Design Flood Discharge
In this study, the debit that used in the calculation of the scour depth is the peak discharge from Synthetic Unit Hydrograph Nakayasu method. The rainfall plan can use the Log Pearson Type III distribution is acceptable. 

Table 6. Repeat Periode Year Design Rain And Parameter of The Krueng Seunagan River Basin
Table 7. The Recession Curve And Duration Time 

0 ≤ T ≤ TP  or  0 < T < TP =12.399

	t (hours)
	Q (m3/dt)
	t (hours)
	Q (m3/dt)

	0.000
	0.000
	8.000
	5.029

	1.000
	0.034
	9.000
	6.672

	2.000
	0.181
	10.000
	8.591

	3.000
	0.478
	11.000
	10.799

	4.000
	0.953
	12.000
	13.307

	5.000
	1.628
	13.000
	16.126

	6.000
	2.521
	12.399
	14.394

	7.000
	3.650
	 
	 


Table 8. The Recession Curve And Duration Time 

TP≤  T  ≤  TP +T0,3  or TP =12.399 < T < TP+T0,3 =27.898

	t (hours)
	Q (m3/dt)
	t (hours)
	Q (m3/dt)

	14.000
	12.711
	22.000
	6.828

	15.000
	11.761
	23.000
	6.317

	16.000
	10.882
	24.000
	5.845

	17.000
	10.068
	25.000
	5.408

	18.000
	9.316
	26.000
	5.004

	19.000
	8.619
	27.000
	4.630

	20.000
	7.975
	28.000
	4.284

	21.000
	7.379
	27.890
	4.322


Table 9. The Recession Curve And Duration Time: TP+T0,3 = 27.898 < T < TP+T0,3+1,5*T0.3 = 51.146
	t (hours)
	Q (m3/dt)
	t (hours)
	Q (m3/dt)

	29.000
	4.079
	42.000
	2.080

	30.000
	3.873
	43.000
	1.975

	31.000
	3.677
	44.000
	1.876

	32.000
	3.492
	45.000
	1.781

	33.000
	3.315
	46.000
	1.691

	34.000
	3.148
	47.000
	1.606

	35.000
	2.989
	48.000
	1.525

	36.000
	2.838
	49.000
	1.448

	37.000
	2.695
	50.000
	1.375

	38.000
	2.559
	51.000
	1.305

	39.000
	2.430
	52.000
	1.239

	40.000
	2.307
	51.146
	1.295


Table 10. The Recession Curve And Duration Time: T > TP+T0,3+1,5T0,3 OR  T > TP+T0,3+1,5*T0.3= 51.146

	t (jam)
	Q (m3/dt)
	t (jam)
	Q (m3/dt)

	53.000
	1.205
	97.000
	0.218

	54.000
	1.160
	98.000
	0.210

	55.000
	1.115
	99.000
	0.202

	56.000
	1.073
	100.000
	0.194

	57.000
	1.032
	101.000
	0.187

	58.000
	0.993
	102.000
	0.180

	59.000
	0.955
	103.000
	0.173

	60.000
	0.918
	104.000
	0.166

	61.000
	0.883
	105.000
	0.160

	62.000
	0.850
	106.000
	0.154

	63.000
	0.817
	107.000
	0.148

	64.000
	0.786
	108.000
	0.142

	65.000
	0.756
	109.000
	0.137

	66.000
	0.728
	110.000
	0.132

	67.000
	0.700
	111.000
	0.127

	68.000
	0.673
	112.000
	0.122

	69.000
	0.648
	113.000
	0.117

	70.000
	0.623
	114.000
	0.113

	71.000
	0.599
	115.000
	0.108

	72.000
	0.576
	116.000
	0.104

	73.000
	0.554
	117.000
	0.100

	74.000
	0.533
	118.000
	0.097

	75.000
	0.513
	119.000
	0.093

	76.000
	0.493
	120.000
	0.089

	77.000
	0.475
	121.000
	0.086

	78.000
	0.456
	122.000
	0.083

	79.000
	0.439
	123.000
	0.079

	80.000
	0.422
	124.000
	0.076

	81.000
	0.406
	125.000
	0.074

	82.000
	0.391
	126.000
	0.071

	83.000
	0.376
	127.000
	0.068

	84.000
	0.362
	128.000
	0.065

	85.000
	0.348
	129.000
	0.063

	91.000
	0.276
	130.000
	0.061

	92.000
	0.265
	131.000
	0.058

	93.000
	0.255
	132.000
	0.056

	94.000
	0.245
	133.000
	0.054

	95.000
	0.236
	134.000
	0.052

	96.000
	0.227
	135.000
	0.050


	t (jam)
	Q (m3/dt)
	t (jam)
	Q (m3/dt)

	136.000
	0.048
	157.000
	0.021

	137.000
	0.046
	158.000
	0.020

	138.000
	0.044
	159.000
	0.020

	139.000
	0.043
	160.000
	0.019

	140.000
	0.041
	161.000
	0.018

	141.000
	0.040
	162.000
	0.017

	142.000
	0.038
	163.000
	0.017

	143.000
	0.037
	164.000
	0.016

	144.000
	0.035
	165.000
	0.016

	145.000
	0.034
	166.000
	0.015

	146.000
	0.033
	171.000
	0.012

	147.000
	0.031
	172.000
	0.012

	148.000
	0.030
	173.000
	0.011

	149.000
	0.029
	174.000
	0.011

	150.000
	0.028
	175.000
	0.011

	151.000
	0.027
	176.000
	0.010

	152.000
	0.026
	177.000
	0.010

	153.000
	0.025
	178.000
	0.009

	154.000
	0.024
	179.000
	0.009

	155.000
	0.023
	180.000
	0.009

	137.000
	0.046
	181.000
	0.008

	138.000
	0.044
	182.000
	0.008

	139.000
	0.043
	183.000
	0.008

	140.000
	0.041
	184.000
	0.007

	141.000
	0.040
	185.000
	0.007

	142.000
	0.038
	186.000
	0.007

	143.000
	0.037
	187.000
	0.007

	144.000
	0.035
	188.000
	0.006

	145.000
	0.034
	189.000
	0.006

	146.000
	0.033
	190.000
	0.006

	147.000
	0.031
	191.000
	0.006

	148.000
	0.030
	192.000
	0.005

	149.000
	0.029
	193.000
	0.005

	150.000
	0.028
	194.000
	0.005

	151.000
	0.027
	195.000
	0.005

	152.000
	0.026
	196.000
	0.005

	153.000
	0.025
	197.000
	0.004

	154.000
	0.024
	198.000
	0.004

	155.000
	0.023
	199.000
	0.004

	156.000
	0.022
	200.000
	0.004


	t (jam)
	Q (m3/dt)
	t (jam)
	Q (m3/dt)

	201.000
	0.004
	219.000
	0.002

	202.000
	0.004
	220.000
	0.002

	203.000
	0.004
	221.000
	0.002

	204.000
	0.003
	222.000
	0.002

	205.000
	0.003
	223.000
	0.002

	206.000
	0.003
	224.000
	0.002

	205.000
	0.003
	225.000
	0.002

	206.000
	0.003
	226.000
	0.001

	209.000
	0.003
	227.000
	0.001

	210.000
	0.003
	228.000
	0.001

	211.000
	0.003
	229.000
	0.001

	212.000
	0.003
	230.000
	0.001

	213.000
	0.002
	231.000
	0.001

	214.000
	0.002
	232.000
	0.001

	215.000
	0.002
	233.000
	0.001

	216.000
	0.002
	234.000
	0.001

	217.000
	0.002
	235.000
	0.001

	218.000
	0.002
	236.000
	0.001

	219.000
	0.002
	237.000
	0.001

	220.000
	0.002
	238.000
	0.001

	221.000
	0.002
	239.000
	0.001

	222.000
	0.002
	240.000
	0.001

	223.000
	0.002
	241.000
	0.001

	224.000
	0.002
	242.000
	0.001

	225.000
	0.002
	243.000
	0.001

	226.000
	0.001
	244.000
	0.001

	201.000
	0.004
	245.000
	0.001

	202.000
	0.004
	246.000
	0.001

	203.000
	0.004
	247.000
	0.001

	204.000
	0.003
	248.000
	0.001

	205.000
	0.003
	249.000
	0.001

	206.000
	0.003
	250.000
	0.001

	205.000
	0.003
	251.000
	0.001

	206.000
	0.003
	252.000
	0.001

	209.000
	0.003
	253.000
	0.001

	210.000
	0.003
	254.000
	0.000

	211.000
	0.003
	255.000
	0.000

	212.000
	0.003
	256.000
	0.000

	213.000
	0.002
	257.000
	0.000

	214.000
	0.002
	258.000
	0.000

	215.000
	0.002
	259.000
	0.000

	216.000
	0.002
	260.000
	0.000

	217.000
	0.002
	261.000
	0.000

	218.000
	0.002
	262.000
	0.000
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The longest river length of the Krueng Seunagan watershed is 132,92 km, the area of the Krueng Seunagan watershed is 995,86 km2 and the unit discharge into the rain (R50) is 195,130 mm. Parameters of the Krueng Seunagan River Basin are shown in Table 6 and Hydrograph Nakayasu can be shown in figure 6. From Figure 8 below, the peak discharge that occurs in the Krueng Seunagan watershed using the HSS Nakayasu method is  Qp50 1354,5m3/sec and Qp100 1513m3/sec. 

Figure 5. Hydrograph Nakayasu
3.4  Analysis of Scouring Depth With Empirical Method
Calculation  of  local scour  in  this study used the Colorado State University method, Froehlich method, adn Lacey method .
3.4.1  Local scour with the Colorado State University method:
Then determine the depth of scouring using Equations Colorado State University (CSU) method, obtained data as shown in the table11:
Table 11. Parameters Data For Analysis of Scouring Depth with CSU Method
	Parameter
	Values Data
	Parameter
	Values Data

	b
	4,0
	K3
	1,1

	L
	10,0
	D50
	0,91

	y
	2,28
	FR
	0,29

	V
	1,36
	D95
	4,35

	K1
	0,7
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The analysis of local scour depth by the empirical with the CSU Method of 2,43 m.
3.4.2  Local scour with the Froehlich method:
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The calculation of scour depth with Froehlich method is obtain:
The analysis of local scour depth by the empirical method  is obtained the Froehlich Method of 1,68 m.
3.4.3  Local scour with the Lacey method:
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The calculation of scour depth with the Lacey method is obtain:
The analysis of local scour depth by the empirical method  is obtained the Lacey Method of 4,3m with Qp50 and 4,47m with Qp100. The scour depth with the Lacey method is greater than the CSU and Froehlich methods, because this method only uses flood discharge design without using pier shape, pier dimensions and other parameters.

3.5  Anaysis of Scouring Depth Aroung The Bridge Pier
The scour depth observed in this study is the scour depth that occurs around the is a river station P2, P3, and P4 where the pier position is a review point at S3, S4, S5, and S6. The results of the scour depth can be seen in the table 12:

Table 11. Analysis of Local Scour Depth Around The Bridge Pier In This Study
	 river sta
	Froechlich
	Colorado State University

	
	S3
	S4
	S5
	S6
	S3
	S4
	S5
	S6

	P2
	1,48
	1,52
	1,65
	1,59
	2,09
	2,39
	2,8
	2,62

	P3
	1,48
	1,52
	1,68
	1,58
	2,25
	2,36
	2,9
	2,58

	P4
	1,47
	1,52
	1,60
	1,57
	2,21
	2,36
	2,6
	2,55



From Table 12, the scour depth that occurs around bridge pier is located a river station P2 and P3 with the pier position is a review point at S5 with a maximum scour depth of 1,65 and 1,68 meters.
3   CONCLUSION
In this study, The peak discharge that occurs in the Seunagan Krueng watershed use the HSS Nakayasu method is Qp50 1354,5m3/sec and Qp100 1513m3/sec. The analysis of sediment grains obtained the average value of sediment grain size for D50 is 0,91 mm and D95 is 4,35 mm. The analysis of local scour depth by the empirical method is obtained: the Colorado State University (CSU) Method of 2,43 m, the Froehlich Method of 1,68 m and with Lacey Method of 4,3m and 4,47. Further research can be compared to scour depth analysis with Hecras 5.0.7 software and It is also necessary to research experiments in the laboratory using different piers shapes.
DISCLAIMER
The authors declare no conflict of interest.  

ACKNOWLEDGMENT
The author would like to thank all the lecturers and academic staff of the Teuku Umar University Faculty of Civil Engineering which has provided the opportunity for the author to conduct this research in the hope of being able to provide input to the city government as preliminary information about local scour conditions at the study site.  
REFERENCES
Administration, Federal Highway. 2012. “Evaluating Scour at Bridges (HEC-18), Fifth Edition,” no. 18: 1–340.

Ahmad, Nordila, Thamer A. Mohammad, and Zuliziana Suif. 2017. “Prediction of Local Scour around Wide Bridge Piers under Clear-Water Conditions.” International Journal of GEOMATE 12 (34): 135–39.
https://doi.org/10.21660/2017.34.2686.

Akan, Osman. 2006. Open Channel Hydraulics. Open Channel Hydraulics. 
https://doi.org/10.1016/B978-0-7506-6857-6.X5000-0.

Breusers, HNC, and AJ Raudkivi. 1991. Scouring, Hydraulic Structures Design Manual. AA Balkema, Rotterdam.

Farooq, Rashid, and Abdul Razzaq Ghumman. 2019. “Impact Assessment of Pier Shape and Modifications on Scouring around Bridge Pier.” Water 11: 1–21. 
https://doi.org/10.3390/w11091761.

Froehlich, David C. 2013. “Protecting Bridge Piers with Loose Rock Riprap.” Journal of Applied Water Engineering and Research 1 (1): 39–57. https://doi.org/10.1080/23249676.2013.828486.

Garde, R, J, and C Kothyari, U. 1998. “Scour Around Bridge Piers.”

Melville, Bruce. 2008. “The Physics of Local Scour at Bridge Piers.” Proceedings of the 4th International Conference on Scour and Erosion, no. 1: 28–40.

Piers, Integral Bridge, Shatirah Akib, and Sadia Rahman. 2013. “Time Development of Local Scour around Semi.” World Academy of Science, Engineering and Technology International Journal of Civil and Environmental Engineering 7 (7): 2221–26.

Purwantoro, Didik. 2015. “Model Pengendalian Gerusan Di Sekitar Abutmen Dengan Pemasangan Groundsill Dan Abutmen Bersayap.” Inersia 11 (1): 79–89. 
https://doi.org/10.21831/inersia.v11i1.9950.

Rahman, MM, and MA Haque. 2003. “Local Scour Estimation at Bridge Site: Modification and Application of Lacey Formula.” International Journal of Sediment Research 18 (4): 333–39. http://waser.cn/journal/full text/2003-4/07.pdf.

Rizaldi, Akbar, Mohammad Farid, Idham Riyando Moe, and Herryan Kendra. 2020. “Study on Flow Regime Change Due to Weir Construction Plan in Batang Asai River, Sarolangun, Province of Jambi.” IOP Conference Series: Earth and Environmental Science 437 (1). https://doi.org/10.1088/1755-1315/437/1/012012.

Roy, Chandan. 2017. “Effect of Bridge Pier Geometry on Local Scouring.” International Journal of Earth Sciences and Engineering 10 (02): 374–77. https://doi.org/10.21276/ijee.2017.10.0234.

Rustiati, Nina Bariroh. 2007. “Gerusan Lokal Disekitar Abutment Jembatan Labuan.” SMARTek 5 (3): 157–65.

Yuliansyah, I, Aprizal, and A Nurhasanah. 2017. “Comparative Analysis of Flood Hydrograph Way Kandis River Basin with Synthetic Units Hydrograph (HSS) Snyder, Nakayasu, and Limantara Methods.” The 4th International Conference on Engineering and Technology Development (ICETD, no. Icetd: 60–69. http://artikel.ubl.ac.id/index.php/icetd/article/view/1262.



P1





P2





P4





P5





P3





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





� EMBED Equation.3 ���





  (11)





� EMBED Equation.3  ���





� EMBED Equation.3  ���





  (12)





  (13)





� EMBED Equation.3  ���





  (14)





  (15)





  (16)





  (17)





  (18)





� EMBED Equation.3 ���





� EMBED Equation.3 ���





  (20)





  (21)





� EMBED Equation.3 ���





Start





Formulation of problems and purpose of research











Research data








Primary Data, includes: pier dimensions; pier shapes; flow depth; sediment samples, river cross section








Secondary data includes: rainfall data; topographic maps; map of study area; watershed area; river length
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Field data analysis: flow velocity; flow depth; river bed elevation; design flood discharge
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