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Abstract 
Water and Sediment Control Basin (WASCoB) is an important BMP constructed along concentrated flow-paths 
(gullies etc.) to control the movement of water and sediment within a watershed. A WASCoB constitutes of a 
berm, surface inlets, and a drainage pipe to route water into a ditch. Direct runoff ponded behind the berm is 
routed through surface inlets into an underground drainage pipe. Therefore, surface inlets are an exceedingly 
important constituent of a WASCoB. Further pipe risers and blind inlets are the two most common type of 
surface inlets used. Therefore, maximum sediment removal efficiency of WASCoBs at a watershed-scale can be 
attained by the appropriate selection of a surface inlet, since the efficiency of a WASCoB is greatly impacted by 
the quantity of runoff and sediment leaving the surface inlet. In this study a toolbox was developed viz., 
CoBAGNPS to compute the sediment removal efficiency of pipe risers and blind inlets. A watershed-scale 
model (AGNPS) was integrated within the toolbox. Output files of the AGNPS model are fed as input files into 
the toolbox where a sediment routing module is programmed separately for pipe risers and blind inlets to obtain 
the sediment removal efficiency for each type of surface inlet. Further, the sediment routing module programmed 
for blind inlets integrates the AGNPS model with the HYDRUS 1-D model. The toolbox developed was applied 
to the Gully Creek watershed in Ontario, and the sediment load routed through pipe risers and blind inlets were 
compared. 
Keywords: CoBAGNPS, Pipe Riser, Blind Inlet, AGNPS 
1. Introduction 
Non-point source (NPS) pollution culminating due to agricultural practices extensively pollutes water bodies 
globally (Das et al., 2006; Babin et al., 2016; Fraga et al., 2016; Fu et al., 2012; Malawska, 2008; Wang et al., 
2016). Sediment is a significant NPS pollutant (Gharabaghi et al., 2006; Sebti & Rudra, 2010). Transport of NPS 
pollutants over the land surface from agriculturally prevailing regions eventuates essentially by three primary 
mechanisms: rills, ephemeral gullies, and classical gullies (Daggupati et al., 2013). Therefore; precisely locating 
these gullies, followed by implementation of appropriate BMP is cardinal for the abatement of NPS pollution 
(Daggupati et al., 2011, 2013). BMPs could be constructed in a watershed either randomly or by strategic 
targeting (Tomer et al., 2010; Daggupati et al., 2011). Several studies have revealed that constructing BMPs 
randomly is not ideal for obtaining their maximum efficiency in mitigating NPS pollutants (Dillaha et al., 1988; 
Sprague & Gronberg 2012; Tomer et al., 2010). Therefore, strategically identifying and prioritization of regions, 
followed by implementation of adequate BMPs is a crucial step for an effective watershed management (Diebel 
et al., 2008; Daggupati et al., 2011; Daggupati et al., 2013).  
Water and Sediment Control Basin (WASCoB) is one such BMP designed specifically for impeding the 
development of concentrated gullies (Fiener et al., 2005; Her et al., 2017; Kovacic et al., 2006; Verstraeten & 
Poesen, 2001). WASCoBs are constructed with an aim to alleviate transport of sediment and nutrients generated 
within farmlands; thereby impeding the formation of gullies by interrupting a watercourse (Her et al., 2016). 
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operational life of blind inlets to be greater than 10 years with little to no complication (Feyereisen et al., 2015). 
However, due to difficulty in monitoring runoff and sediment losses through blind inlets, there is a paucity of 
published research in this regard. Smith et al. (2015) reported the difference in P concentrations routed through 
tile risers and blind inlets not to be statistically significant.  
Further, Feyereisen et al. (2015) reported that blind inlets produced less TSS compared to open inlets during a 
three-year investigation in Minnesota. Gonzalez et al. (2016) reported that blind inlets were effective in reducing 
transport of atrazine, 2,4-D, metolachlor, and glyphosate by 57%, 58%, 53%, and 11% respectively. In another 
study in Ontario, Canada it was revealed that the presence or type of surface inlet (blind inlet or pipe riser) had 
little impact upon P and sediment loading along with N movement through the drainage systems (Ball Coelho et 
al., 2012a; Ball Coelho et al., 2012b). In another instance in Ontario, Canada McKague, (2017) estimated that 
blind inlets (constructed with a layer of red sand) were 70% and 50% effective respectively, at removing total 
phosphorus and soluble reactive phosphorus. 
Additional research, through sophisticated modeling techniques, is required to quantify the performance of pipe 
risers and blind inlets in mitigating sediment loads at a watershed scale. Further unlike field experimentation, 
computer models, are both labor and cost-effective (Golmohammadi et al., 2016). Nonetheless, due to the 
complexity in simulating flow and sediment transport through surface inlets, no study has investigated modeling 
flow and sediment transport through blind inlets and pipe risers at a watershed level in Ontario, Canada. Further, 
hydrologic conditions are an essential aspect to be examined when selecting an appropriate model. Borah et al. 
(2007) concluded that event-based models perform better in simulating stream flows, constituted by severe storm 
events. Consequently, since the transport of sediments along with surface runoff is essentially influenced by 
storm intensity, an event-based modeling approach is more appropriate for modeling pipe risers and blind inlets. 
AGNPS is one such event-based model, potent in simulating the hydrology of a watershed, routing flow and 
sediment between cells to the watershed outlet (Cho et al., 2008; Liu et al., 2008; Miklanek et al., 2004; 
Mohammed et al., 2004; Parajuli et al., 2007; Sebti & Rudra 2010). However, AGNPS is an event-based model 
with no groundwater or subsurface module. Therefore, to overcome these limitations a toolbox (CoBAGNPS) 
was developed which could simulate the movement of flow and sediment both through pipe risers and blind 
inlets. A sediment module is incorporated in the toolbox to simulate the movement of sediment through pipe 
risers. Further, the toolbox utilizes the results from AGNPS and integrates it with HYDRUS 1-D model (Meng et 
al., 2014; Shang et al., 2016) to replicate the movement of flow and sediments through blind inlets. The 
HYDRUS 1-D model (Meng et al., 2014; Shang et al., 2016) which simulates flow through a porous media is 
used to duplicate the geometry of a blind inlet. Therefore, the objective of this research was to develop and 
exhibit through a case study the sediment routing module of the toolbox; routing sediment through pipe riser and 
blind inlets. The following important question and objective associated with the toolbox developed were 
addressed in this paper: 

• Can CoBAGNPS toolbox simulate the sediment reducing efficiency of WASCoBs when direct runoff is 
routed through a pipe riser and blind inlets? 
• Compare the sediment removal efficiency of pipe risers and blind inlets procured from the toolbox? 
2. Method 
2.1 Study Area  
Gully Creek watershed located in Ontario, Canada along with one of its sub-basins, the DFTILE sub-basin 
(having WASCoBs) were selected for this study (Figure 1). This watershed drains into Lake Huron. The 
watershed encompasses an area of 2611.52 acres with elevation ranging from 281 m to 217 m at its outlet. The 
DFTILE sub-basin comprises of six WASCoBs which drains to the DFTILE outlet through a network of tile 
drains (Figure 1). Precipitation occurs mostly as rainfall between April and October (nearly 60 %), while 
remaining occurs as snow during the winter months. Average annual precipitation occurring in the region is 
approximately 1,055 mm (monitored between 2001-2011) (Golmohammadi et al., 2017). Detailed description 
regarding the geographical extent for each soil type in the watershed is provided in Table 1. Further, the landuse 
distribution of the watershed is presented in Figure 2. Nearly 70 % of the watershed is agricultural land 
dominated by corn, soybean and winter wheat. Remaining portion of the watershed is mostly under natural 
vegetation, including trees, shrubs, and grasses.  
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 Sediment Mass୆୪୧୬ୢ ୍୬୪ୣ୲ = (K ∗ Area୆୪୧୬ୢ ୍୬୪ୣ୲ ∗ Concentrationେ୪ୟ୷ାୱ୧୪୲ ∗ Q୆୪୧୬ୢ ୍୬୪ୣ୲) 1000⁄  (1) 
K: Geotextile Filtering coefficient Area୆୪୧୬ୢ ୍୬୪ୣ୲: Area of the blind inlet (m2). Concentrationେ୪ୟ୷ାୗ୧୪୲: Concentration of clay and silt in the sediment (kg/m3) Q୆୪୧୬ୢ ୍୬୪ୣ୲: Flow of water through the Blind Inlet into the tile drain. 
 
This conceptualization forms the basis of the blind inlet module in the toolbox and consists of the following 
main steps: 

• Cell delineation was executed such that the drainage area for each WASCoB is represented as a sub-basin 
and the blind inlet location as the outlet of that sub-basin.  
• Thereafter, the total quantity of runoff and SL generated behind the berm for each event is computed using 
the AGNPS model (The AGNPS model is executed within the toolbox). 
Further, the hydrology data (flow and sediment) for the outlet cell of each WASCoB sub-basin is procured from 
the output file of the AGNPS model. The geometry of the blind inlet is modeled by the HYDRUS 1-D model. 
Finally, the movement of water and sediment through the blind inlet is simulated using the HYDRUS 1-D model 
and equation 1 programmed in the blind inlet module of the toolbox. 
2.3 AGNPS Model 
AGNPS model (Young et al., 1989) is used to simulate the Gully Creek, Ontario, Canada watershed in this study. 
AGNPS is a physically-based, event simulation, watershed model. The entire watershed is divided into discrete 
square cells. The hydrology component of the model computes runoff volume for each cell, using the curve 
number approach (McCuen, 1982), and peak flow using an empirical equation (Knisel, 1980). Further, the 
erosion component of the model computes sediment load for each cell using the Bagnold stream power equation 
(Bagnold, 1966). Comprehensive information pertaining to the model can be procured from the AGNPS manual 
(Young et al. 1989; http://www.waterbase.org/docs/MWAGNPS%20Setup.pdf). 
2.4 HYDRUS 1-D Model 
In this study, the HYDRUS-1D code (Šimůnek et al., 1998) is used to simulate 1-D movement of water through 
a blind inlet. The van Genuchten-Mualem constitutive relationships (described below) are used to simulate the 
movement of water using equations described in this section. 

 θ(h) =൝ 𝜃௥ +  ఏೞ ି ఏೝ[ଵା|ఈ௛|೙]೘ ,     ℎ < 0𝜃௦,                                ℎ > 0  (2) 

 k(h) =൝𝐾௦𝑆௘௟ ቂ1 − (1 − 𝑆௘ଵ/௠)ቃଶ , ℎ < 0𝐾௦,                                          ℎ > 0  (3) 

where 

 Se = (𝜃 − 𝜃௥) (𝜃௦ − 𝜃௥)⁄ , m = 1- 1/n  (4) 
Where 
h = soil water pressure head (cm) 
k = Hydraulic conductivity (cm day-1) 
θs = Saturated water content (cm3 cm-3),  
θr = Residual water content (cm3 cm-3),  𝐾௦ = Saturated hydraulic conductivity (cm day-1) and  
α (cm-1), n and l (= 0.5) are the shape parameters.  
2.5 Input Data 
DEM (5-m resolution), soil, land use, precipitation data, and stream network is the input data required to model 
the watershed with the AGNPS model. The required dataset is procured from several sources such as Ontario 
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Ministry of Agriculture, Food, and Rural Affairs (OMAFRA), Ontario Ministry of Natural Resources (OMNR), 
and the Ausable Bayfield Conservation Authority (ABCA).  
2.6 Base Flow Separation 
AGNPS being an event-based model computes only surface runoff. Henceforth; baseflow was separated from 
streamflow at the outlet of the Gully Creek watershed (GULGUL 5). Surface runoff and base flow compound 
into streamflow. The former’s contribution to streamflow is brisk, on the contrary, base flow’s contribution to 
streamflow is slow (Kalin & Hantush, 2006). The WHAT program 
(https://engineering.purdue.edu/mapserve/WHAT/) was used to separate base flow from observed flow 
(Srivastava et al., 2010; Gupta et al., 2018) based upon signal analysis and processing (Eckhardt & Arnold, 2001; 
Kyoung et al., 2005; Lyne & Hollick, 1979). 
2.7 Sediment Load Estimation 
Observed SL was available for only a few grab samples. Henceforth; sediment loads for these grab samples need 
to be extrapolated to obtain observed sediment load for each event. Thereafter, observed sediment load for each 
event was compared with AGNPS simulated sediment load for that event. To extrapolate sediment load of the 
grab samples on an event basis, LOAD ESTimator (LOADEST) a web-based tool 
(https://engineering.purdue.edu/mapserve/LOADEST/) was engaged (Park et al., 2015; Runkel et al., 2004). The 
tool estimates monthly SL using observed streamflow, observed sediment concentration data (for grab samples), 
and regression model coefficients. 
2.8 Model Calibration and Validation 
Similar to most distributed watershed models (Dile et al., 2016), AGNPS also has a few empirical parameters. 
Certain variables in AGNPS (CN2, K, C, and P), are not fixed physically (Cho et al., 2008; Choi & Blood, 1999; 
Liu et al., 2008). Therefore, the model is calibrated and validated against observed data. In this study, calibration 
was performed separately for peak flow, direct runoff and sediment yield for nine storm events between June 
2012 and August 2013. Further, validation was performed using nine storm events between August 2013 and 
June 2015. Seasonal calibration and validation were also performed for peak flow, direct runoff, and sediment 
yield. Observed flow data were obtained from the Ausable Bayfield Conservation Authority (ABCA) at the 
watershed outlet. Calibration process was accomplished by changing AGNPS parameters to match the 
model-predicted peak flow, direct runoff and sediment yield with its counterpart. The parameters calibrated were 
the curve number (CN2) manning’s n, C, and K, which have considerable influence upon peak flow, surface 
runoff, and sediment yield. CN is altered based upon antecedent moisture conditions. Statistical parameters used 
to evaluate model’s performance are elaborated in Table 2. 
 
Table 2. Statistical parameters used to assess the model’s performance 

Statistical Parameter Formula 

R2 [∑ (𝑂௢௕௦,௜ − 𝑂ത௢௕௦)(𝑂௦௜௠,௜ − 𝑂ത)]ே௜ୀଵቂ∑ ൫𝑂௢௕௦,௜ − 𝑂ത௢௕௦൯ଶே௜ୀଵ ቃ଴.ହ ቂ∑ ൫𝑂௦௜௠,௜ − 𝑂ത௦௜௠൯ଶே௜ୀଵ ቃ଴.ହ 

ENS 1.0 −  [∑ ൫𝑂௦௜௠,௜ − 𝑂௢௕௦,௜൯ଶே௜ୀଵ ][∑ ൫𝑂௢௕௦,௜ − 𝑂ത௢௕௦,௜൯ଶே௜ୀଵ ] 

Where Oୱ୧୫,୧ = Simulated flows O௢௕௦,௜ = Observed flows 

N = Number of observations 𝑂ത௢௕௦ = Mean observed flow 𝑂ത௦௜௠ = Mean simulated flow 

 
2.9 Routing Sediment: Pipe Riser and Blind Inlet 
For this study, a set of scenario analyses were simulated using the CoBAGNPS toolbox developed. Statistically 
calibrated and validated AGNPS results were used to compute the sediment reducing efficiency of pipe risers 
and blind inlets through the toolbox. Furthermore, sediment removal efficiency was evaluated for three different 
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types of pipe risers (HB, HBS, and PI). A couple of storm events (18 April 2013 and 1 August 2013) were 
selected to perform scenario’s pertaining to pipe risers. Further, a currently installed drainage pipe of 150 mm 
diameter is considered for simulation. Under the first set of scenario analysis, the performance of the different 
type of pipe risers (HB, HBS, and PI) in routing sediment load from the berm into the tile drains was analyzed 
for WASCoB 3 for the selected storm events. Additionally, the sediment routing efficiency of the HB pipe risers 
was investigated for two synthetic design storm events (5 and 10-year, 24-hour) for various diameters of 
drainage pipes. In another scenario analysis, the impact of blind inlet upon SL routed into the drainage pipe for 
WASCoB 3 was assessed. Sediment constantly gets trapped within the blind inlet reducing its efficiency and 
lifespan (Li et al., 2017). Therefore, analysis pertaining to extreme storm events was not investigated for blind 
inlets. Storm events with moderate intensity (18 April 2013 and 1 August 2013) were used to test the 
performance of the blind inlet module of the toolbox. 
3. Results 
3.1 Calibration and Validation of Flow and Sediments at the GULGUL 5 Outlet 
In this study, data for individual seasons were utilized to calibrate and validate the model on a seasonal basis. A 
calibration method based upon seasonal calibration is proposed for calibration and validation of storm events. 
Six storm events were considered for spring, summer and fall season. Further, the events were bifurcated into 
three events for calibration and validation respectively. Model parameters were adjusted for the calibration 
events for each season. Statistical parameters were however computed for total calibration and validation events 
respectively, compounded for all the seasons. 
3.1.1 Flow: Seasonal Calibration 
Seasonal calibration was performed for peak flow and direct runoff at the watershed outlet (GULGUL 5 station). 
Table 3 summarizes the events selected for calibration and validation for fall, spring and summer respectively. 
Overall the model performed well. For peak flow, R2 and ENS values of 0.97 and 0.89 for calibration events and 
0.91 and 0.83 for validation events were obtained. Also, R2 and ENS values of 0.87 and 0.73 respectively for 
calibration events and 0.91 and 0.46 for validation events were procured for direct runoff.  
 
Table 3. Events selected for calibration and validation based upon different seasons [surface runoff (OSR, SSR) 
and peak flow] 

Season Date PCP (mm) Duration (hours) AMC manning’s (n) 𝑸𝑷𝒆𝒂𝒌𝑶𝒃𝒔𝒆𝒓𝒗𝒆𝒅 
m3/s 

𝑸𝑷𝒆𝒂𝒌𝑺𝒊𝒎𝒖𝒍𝒂𝒕𝒆𝒅 
m3/s OSR(m3) SSR(m3) 

Fall (Cal) 
14-Oct-12 18.4 20 II 0.02 0.12 0.2 6316.47 5367.45 
14-Sep-12 17.2 7 II 0.02 0.07 0.13 791.81 2683.73 
20-Sep-13 24.8 5 II 0.02 0.34 0.49 6010.55 5367.45 

Average 0.18 0.27 4372.94 4472.88 
Spring 
(Cal) 

18-Apr-13 30.6 10 II 0.02 2.38 2.78 37471.43 37572.18 
12-Apr-14 27.39 7 II 0.02 1.79 1.62 35127.5 26837.27 
28-May-13 21 5 II 0.02 0.4 0.48 10684.92 10734.91 

Average 1.52 1.63 27761.28 25048.12 
Summer (Cal) 01-Aug-13 59 15 I 0.04 1.29 1.92 19174.36 34888.42 

16-Jun-13 14 6 II 0.02 0.09 0.08 3500.15 2683.73 
28-Jun-13 15.8 8 II 0.02 0.08 0.09 1817.56 2683.73 

Average 0.49 0.7 8164.03 13418.63 
 20-Oct-12 15.8 15 II 0.02 0.13 0.09 5016.29 5367.45 
Fall (Val) 17-Oct-13 18 12 II 0.02 0.48 0.35 16196.08 8051.18 
 12-Nov-12 16.4 9 II 0.02 0.2 0.2 6015.05 5367.45 
Average 0.27 0.21 9075.81 6262.03 
Spring 
(Val) 

29-Apr-14 22.4 9 II 0.02 0.67 0.65 20829.96 13418.64 
24-Apr-13 20.2 21 II 0.02 0.39 0.39 18715.47 8051.18 
31-May-13 10.6 9 III 0.02 0.39 0.33 13303.28 8051.18 

Average 0.48 0.46 17616.24 9840.33 
Summer 
(Val) 

30-Aug-13 18 3 II 0.02 0.28 0.26 3203.23 5367.45 
12-Jun-12 18.2 2 II 0.02 0.34 0.28 5605.64 5367.45 
12-Jun-13 19 3 II 0.02 0.24 0.26 6829.35 5367.45 

Average 0.29 0.27 5212.74 5367.45 
  Peak Flow Direct runoff       
Calibration (Cal) R2 0.97 0.87       
 ENS 0.89 0.73       
Validation (Val) R2 0.91 0.91       
 ENS 0.83 0.46       
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3.1.2 Sediment: Seasonal Calibration 
Table 4 shows the events selected for calibration and validation of SL during fall, spring and summer seasons 
respectively. As described in the section above, six events are selected for each season, where three events are 
used for model calibration and three events for model validation. The calibration process was completed by 
altering parameters within the AGNPS model to match the model-predicted SL with the observed SL. It is a 
prerequisite to complete calibration and validation for flow before initiating the process for sediment calibration. 
The parameters varied during calibration are shown in Table 5. 
 
Table 4. Events selected for calibration and validation based upon different seasons [surface runoff (OSR, SSR) 
and sediment yield (OSL, SSL)] 

Season Date 
PCP 
(mm) 

Duration 
(hours) 

AMC 
manning’s 
(n) 

OSR 
(m3) 

SSR 
(m3) 

OSL 
(tons) 

SSL 
(tons) 

Fall (Cal) 
14-Oct-12 18.4 20 II 0.02 6316.47 5367.45 0.74 1.05 
14-Sep-12 17.2 7 II 0.02 791.81 2683.73 0.023 1.27 
20-Sep-13 24.8 5 I 0.02 6010.55 5367.45 0.27 1.71 
Average 0.27 4372.94 4472.88 0.34 

Spring 
(Cal) 

18-Apr-13 30.6 10 II 0.02 37471.4 37572.2 19.49 16.8 
12-Apr-14 27.39 7 II 0.02 35127.5 26837.3 12.79 15.11 
28-May-13 21 5 II 0.02 10684.9 10734.9 0.65 9.1 
Average 1.63 27761.3 25048.1 10.98 

Summer 
(Cal) 

01-Aug-13 59 15 I 0.04 19174.4 34888.4 19.49 22.89 
16-Jun-13 14 6 II 0.02 3500.15 2683.73 0.2983 1.25 
28-Jun-13 15.8 8 II 0.02 1817.56 2683.73 0.32 1.41 
Average 0.7 8164.03 13418.6 6.7 

Fall (Val) 
20-Oct-12 15.8 15 II 0.02 5016.29 5367.45 1.2897 1.22 
17-Oct-13 18 12 II 0.02 16196.1 8051.18 
12-Nov-12 16.4 9 II 0.02 6015.05 5367.45 0.91 1.67 
Average 0.21 9075.81 6262.03 1.1 

Spring 
(Val) 

29-Apr-14 22.4 9 II 0.02 20830 13418.6 12.42 9.31 
24-Apr-13 20.2 21 II 0.02 18715.5 8051.18 20.85 8.36 
31-May-13 10.6 9 III 0.02 13303.3 8051.18 2.584 2.61 
Average 0.46 17616.2 9840.33 11.95 

Summer 30-Aug-13 18 3 II 0.02 3203.23 5367.45 4.945 3.07 
(Val) 12-Jun-12 18.2 2 II 0.02 5605.64 5367.45 0.1327 0.82 
 12-Jun-13 19 3 II 0.02 6829.35 5367.45 0.533 0.76 

Average 0.27 5212.74 5367.45 1.87 
Statistical Parameter 

Calibration 
(Cal) 

R2 0.94 
ENS 0.83 

Validation R2 0.92 
        (Val) ENS 0.56       
 
Table 5. Calibrated AGNPS parameters 

Parameters adjusted during model calibration Description 

CN SCS curve number 

n Manning’s n 

K Soil erodibility factor 

C Crop practice factor 

P Crop management factor 

 
These parameters were manually manipulated for each grid and its channel until peak flow, direct runoff and SL 
simulated at the outlet grid of the AGNPS model closely matches the observed value for parameters simulated. 
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Adjustment of the SCS curve number (CN2), has been found necessary for calibration and validation for surface 
runoff and peak flow in many AGNPS studies (Cho et al., 2008; Liu et al., 2008; Parajuli et al., 2007). Likewise, 
alteration of K, C, and P factors have been found necessary for calibration and validation for SL generated (Choi 
& Blood, 1999). The logic behind altering CN, n, K, C, and P for each grid is that once a close agreement is 
reached between observed and model-simulated values at the watershed outlet, the adjusted values for these 
model parameters would be realistic and match the real-world parameters for each grid within the watershed. 
Henceforth, the model parameters values within the DFTILE sub-basin would represent the real-world dynamics. 
Therefore, it could be assumed that the hydrologic parameters applied at the outlet cell for each WASCoB would 
match the real-world hydrologic parameters. Hence, flow and SL procured after routing water ponded behind the 
berms through the blind inlet would be realistic. 
Instantaneous SL concentrations were available at the watershed outlet (Figure 1) between 2012 and 2014. This 
data was transformed into monthly SL using LOADEST as described in the above section. Estimated monthly 
SL was further converted to event-based loads depending upon the month of the event. These events were used 
for calibration. Also, the model was validated against observed SL in the next phase. Three events each for 
summer, spring, and fall season were used for SL calibration and validation respectively (see Table 4). The 
observed average SL of 6.7 tons was slightly lower than the simulated load of 8.52 tons over the calibration 
period for the summer season. Comparable results were observed for calibration events during the spring and fall 
period where again the model overestimated the observed SL (Figure 6).  

 

 

 
Figure 6. Observed and simulated SL at the GULGUL 5 outlet (a) summer season, (b) fall season, and (c) spring 

season 
 
Table 4 shows that, except for 14 September 2012 and 28 May 2013 events, the model was able to capture SL 
for most of the calibration events (2012–2014). The AGNPS model substantially overestimated SL for these two 
events. The overestimation in these 2 events may be due to the lack of observed grab samples during this period. 
Hence, the observed SL for these events could have been substantially under-predicted. Except for a few events, 
the model was able to simulate SL accurately during the calibration period.  
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Performance statistics [R2 = 0.94 and ENS = 0.83 (for all the calibration events combined)] further confirms that 
simulated SL adequately matched observed SL at the watershed outlet for the calibration events (see Table 4).  
During the validation period, pertinent results were procured. The measured average SL of 1.87 tons was slightly 
higher than the simulated load of 1.55 tons for the validation events during the summer season. Comparable 
results were observed for the spring and fall period where again the model underestimated observed SL (Figure 
6). Overall, the model underestimated the SL for the validation events (see Table 4). Further, except for the 17 
October 2013 event where the model substantially underestimated the SL, the model was successful in capturing 
SL for most of the events during the validation period (2012–2014). The underestimation in this event is due to 
some very large storms, which might not have been captured accurately by the weather station. The estimated 
rainfall recorded was 18 mm during the event (which might have been measured inaccurately). To obtain a better 
model performance during the validation period, SL for this event was removed. Thereafter, appropriate model 
statistics (R2 = 0.92 and ENS = 0.56) were obtained indicated that AGNPS successfully simulated SL for the 
watershed (see Table 4). 
3.2 Routing Sediment: Pipe Riser 
3.2.1 Scenario 1: Sediment Routed Through WASCoB 3 Using Different Type of Pipe Risers 
Under this investigation, the impact of the different type of pipe risers (HB, HBI, PI) upon the sediment routed 
into the drainage pipe for WASCoB 3 is analyzed. Sediment removal efficiency for the HB pipe riser is 94.31% 
for 18 April 2013 storm event, however, for 1 August 2013 storm event an increased removal efficiency of 
96.14 % was procured (see Table 6). Further upon routing flow through the HBS pipe riser, the sediment 
removal efficiency increased marginally to 94.87 % for the 18 April 2013 storm event and 96.42 % for 1 August 
2013 storm event (see Table 6). Adopting the HBS pipe riser, resulted in an increase in drainage time for the 
storm, thereby allowing more time for sediment to settle within the berm thereby increasing the sediment 
removal efficiency (Figure 7 and 8). Also, another scenario where water is routed through a PI pipe riser is also 
considered. Under this investigation, sediment removal efficiencies of 95.23% and 97.21 % were obtained for 18 
April 2013 and 1 August 2013 storm event respectively. Henceforth results reveal that adopting a PI pipe riser is 
more efficient and practical in optimizing sediment removal efficiency.  
 
Table 6. Sediment removal efficiency for various pipe risers 

Storm event Pipe Riser Inflow load (kg) Outflow load Sediment Removal Efficiency 
18-Apr-13 HB 160 9.1 94.31 
 HBS 160 8.21 94.87 
 PI 160 7.64 95.23 
01-Aug-13 HB 150 5.79 96.14 
 HBS 150 5.37 96.42 
 PI 150 4.19 97.21 

 

   
Figure 7. Flow simulated at the outlet for WASCoB 3 for different type of pipe risers (a) 18 April 2013 HB pipe 

riser, (b) 18 April 2013 HBS pipe riser, (c) 18 April 2013 PI pipe riser 
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Figure 8. Flow simulated at the outlet for WASCoB 3 for different type of pipe risers (a) 1 August 2013 HB pipe 

riser, (b) 1 August 2013 HBS pipe riser, (c) 1 August PI pipe riser 
 
3.2.2 Scenario 2: 5-Year 24-Hour Design Storm 
Drainage pipes with a diameter of 150 mm (present case), 200 mm and 375 mm were selected to route sediment 
through an HB pipe riser for a 5-year 24-hour design storm. Sediment removal efficiencies of 76.06 %, 63.07 %, 
and 46.15 % were observed for 150 mm, 200 mm and 375 mm drainage pipes respectively. A 5-year 24-hour 
design storm generates a much higher quantity of SL of 260 kg. Also, the sediment removal efficiency of this 
design storm is lower than 18-Apr-13 and 01-Aug-13 storm events. This is expected because a heavy storm 
event (for example a 5-year 24-hour or 10-year 24-hour design storm) would generate a large amount of fine 
sediment particles (clay, silt, and sand). These finer particles are difficult to settle compared to large sediment 
particles like small aggregates and large aggregates and hence it is expected to have lower sediment removal 
efficiency as compared to real design storms. Furthermore, a discrepancy in the sediment removal efficiency is 
primarily due to the time for which water is ponded behind the berm. The 150-mm drainage pipe routes water, 
flowing at its optimum capacity (0.01099 m3/s) for 10 hours and 10 minutes approximately. Henceforth, there is 
sufficient time for fine sediment particles like silt and clay to settle within the berm. When the diameter of the 
outlet pipe is increased to 200 mm and 375 mm a substantial change in the flow pattern is observed in the routing 
efficiency of the WASCoB (Figure 9). The 200 mm drainage pipe is more efficient in draining the water ponded 
behind the berm. The pipe flows at its optimum capacity only for approximately three hours and forty-five minutes 
respectively; thereby significantly reducing the ponding time. However, with an increase in the draining 
efficiency, finer sediment particles (silt, clay etc.) have less time to settle within the berm; thereby significantly 
reducing the sediment removal efficiency of the pipe riser (see Table 7). Another scenario of employing a 
375-mm drainage pipe was also considered. Graphical comparison between the three pipes (Figure 9) reveals that 
the 375-mm drainage pipe is potent in draining water at a much rapid rate. Also, it is never flowing at its 
optimum capacity. Henceforth; since its ponding time is the least amongst the three scenarios of drainage pipe 
considered, sediment particles get minimum time to settle within the berm resulting in the least sediment 
removal efficiency. 

 
Figure 9. Flow simulated through WASCoB 3 for 5-year 24-hour storm event: routed through a (a) 150 mm (b) 

200 mm and (c) 375 mm drainage pipes 
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3.2.3 Scenario 4: 10-Year 24-Hour Design Storm 
A scenario for routing a 10-year 24-hour design storm through a drainage pipe of 150 mm, 200 mm and 375 mm 
diameter was also considered in this study. This storm produces a SL of 360 kg for WASCoB 3 drainage area. 
Tile drains of various diameter have sediment removal efficiency between 49.96 and 76.48 % (see Table 7). A 
150 mm drainage pipe removes 275.36 kg of SL (see Table 7) and therefore, has the maximum sediment 
removal efficiency. This is expected because a 150 mm diameter drainage pipe takes the maximum amount of 
time to drain stormwater ponded (Figure 10). Therefore, sediment particles take a longer time to settle compared 
to other drainage pipes (200 and 375 mm). 
 
Table 7. Sediment removal efficiency for various design storms 

Extreme Event Pipe Riser Tile Drain Inflow Load (Kg) Outflow Load (kg) Sediment Removal Efficiency 

5-year-24-hour HB 150 mm 260 62.22 76.07 

  200 mm 260 96 63.08 

  375 mm 260 140 46.15 

10-year-24-hour HB 150 mm 360 84.64 76.49 

  200 mm 360 125.47 65.15 

    375 mm 360 180.11 49.97 

 

 
Figure 10. Flow simulated through WASCoB 3 for 10-year 24-hour storm event: routed through a (a) 150 mm 

(b) 200 mm and (c) 375 mm drainage pipes 
 
3.2.4 Routing Sediment: Blind Inlets 
In another scenario analysis, the sediment removal efficiency of blind inlets was investigated for 18 April 2013 
and 1 August 2013 storm events. WASCoB 3 was again used for simulation. Sediment removal efficiency for the 
HB pipe riser was 81.25 % for 18 April 2013 storm event; however, for 1 August 2013 storm event the sediment 
removal efficiency increased marginally to 86.67 % (see Table 8). Sediment routing module for blind inlets 
programmed in the toolbox has a simple empirical approach (Eq 1) where it assumes heavy particles like sand, 
small aggregates, and large aggregates are settled within the berm. Only fine particles like silt and clay, which 
are difficult to settle and require a long time to settle would be in dissolved form and hence cannot be removed 
through blind inlet. Since the two storm events considered for analysis (18 April 2013 and 1 August 2013) 
generate almost the same quantity of sediment load their sediment removal efficiencies are also similar. 
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Table 8. Sediment removal efficiency for blind inlets 
Storm event 2013-04-18 2013-08-01 

Sand (kg) 10.00 10.00 
Silt (kg) 10.00 10.00 
Clay (kg) 20.00 10.00 

Small Aggregates (kg) 80.00 80.00 
Large Aggregates (kg) 40.00 40.00 

Total Inflow load into the blind inlet (kg) 160.00 150.00 
Total Outflow load into the tile drain (kg) 30.00 20.00 

Removal Efficiency 81.25 86.67 
 
4. Conclusion 
Modeling sediment through surface inlets (viz. pipe risers and blind inlets), through hydrological models has not 
yet been documented in Canada. We developed a user-driven stand-alone graphical user interface toolbox, called 
CoBAGNPS, to evaluate the sediment removal efficiency of surface inlets, which are an exceedingly important 
constituent of a WASCoB. This paper provides details of the toolbox tested using a case study. The AGNPS and 
HYDRUS 1-D model are integrated with the interface of the toolbox for routing the SL through blind inlets. 
Once the AGNPS model is successfully developed, calibrated, and validated for the watershed, the toolbox was 
executed. Three different pipe risers (HB, HBS, and PI) and various diameter of tile drains were used to simulate 
the sediment removal efficiency of the toolbox for 12 April 2014 and 18 April 2013 storm events. Also, the 
sediment removal efficiency for two extreme events (5-year and 10-year with a 24-hour) for one WASCoB was 
evaluated. It must be stressed that the toolbox simply utilizes the outlet results of the AGNPS model and feeds it 
as an input file into the HYDRUS 1-D model for routing sediment through blind inlets. Results revealed that 
pipe risers were more effective in detaining sediment load within the berm. It should be noted that the sediment 
routing module programmed into the toolbox is based upon a simple empirical equation, where fine sediment 
particles like silt and clay are not settled at all within the berm thereby yielding lower sediment removal 
efficiency for blind inlet compared to pipe risers. This is a limitation of this study. Also, the results obtained 
from the toolbox need to be validated with real experimental data collected to assess the accuracy of the toolbox. 
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