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Supplemental Material D
Maryland Highway Grass Swale Study
Dataset Description

The site for this study, which was performed by researchers at the University of Maryland (UMD), was Maryland Route 32, a four-lane highway near Savage, MD. The swales were built in the highway median, and they received runoff from the southbound lanes of the highway. The research site consisted of two vegetated swales, one with a filter strip for pretreatment and another one without pretreatment. The swales were otherwise identical, both draining highway areas of 0.22 ha. The swale without a filter strip was the low impact development (LID) device subject for this study. The underlying native soils were classed as loam or sandy loam. The two swales were each equipped with a V-notch weir and ISCO Model 6712 Portable Samplers with bubbler flow meters at the terminus. Rainfall was measured onsite by an ISCO 674 Tipping Bucket Rain Gauge. The site was monitored for 4.5 years (Davis et al., 2012).
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Figure SD1. Bioswale Cross-section (Davis et al., 2012).
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Figure SD2. Configuration of the vegetated swales study site on Maryland Route 32 
(Davis et al., 2012).

Model Configuration

The model configuration used to represent the vegetated swale included two subcatchments aligned in series. The first, representing the highway drainage area, was modeled as 100% impervious and was given the same area as the recorded drainage area. The second subcatchment was completely pervious, with the same area as the top of the swale. In the LID Usage Editor, the swale was allocated to occupy the entire second subcatchment. Because rain was measured in the swale but not in the drainage area, it was assumed that both subcatchments received equal rain intensities over the course of the storm, allowing the same rain to be applied to both areas. Rainfall was modeled with a rain gage, which used a 1-min intensity time series derived from provided tipping bucket rainfall data. The first subcatchment was linked to the swale, routing all roadway rainfall onto the LID. The EPA Stormwater Management Model (SWMM) then applied this inflow to the swale area by evenly distributing the inflow throughout the swale. The swale runoff was then routed to an outfall where it could be compared with the measured runoff values. Figure SD3 depicts this model configuration.
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Figure SD3. Typical SWMM5 model configuration.
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(Davis et al., 2012)
Data Transformations 

SWMM version 5.1.10 was used to complete this analysis. Because swale inflow was not measured directly, the inflow was simulated with the model configuration seen in Figure SD3. The rainfall events were provided in a tipping bucket rain data format, which were converted to intensity values (millimeters per hour) using the estimation method described in Estimating Rain Rates from Tipping-Bucket Rain Gauge Measurements (Wang et al., 2008). These data were then were input into SWMM via a millimeter per hour time series.

All provided outflow data was in 2-min time series format; therefore, all SWMM simulations also were completed with a 2-min time step. The LID report document generated swale runoff values in millimeters per hour, whereas the measured runoff values were reported in liters per second (LPS). To compare these measured values to the SWMM-generated swale runoff, the measured values were normalized by the top area of the swale, 3120 m2 and converted to millimeters per hour intensity values. The drainage area runoff was simulated by SWMM in LPS and then routed to the swale as inflow. To graph this time series, the simulated inflow was normalized by its respective drainage area, 2240 m2 and converted to millimeters per hour.

Lastly, to calculate the total measured outflow volume from the swale, the measured 2-min outflow time series (millimeters per hour) was converted to millimeters per minute, then multiplied by the 2-min time step, resulting in millimeters of outflow. These resulting values then were summed to calculate the total measured outflow from the swale.

Model Inputs

Table SD1. SWMM 5 Input Parameters
	Type
	Value
	Range
(if estimated)
	Data Source

	Roadway Subcatchment

	Drainage Area (hectares)
	0.224
	
	Study data

	Width (meters)
	143
	143-193
	Estimate

	Road Slope (%)
	0.10
	0.1-1.0
	Estimate

	Road Roughness
	0.020
	0.012-0.020
	Estimate

	Depression Storage, Impervious (millimeters)
	1
	
	Study data

	LID Subcatchment	

	Swale Area (hectares)
	0.312
	
	Study data

	Top Width (meters)
	15.76
	
	Study data

	Depression Storage, Pervious (millimeters)
	5.0
	5.0-150.0
	Estimate

	LID Surface Layer

	Berm Height (millimeters)
	2164.0
	
	Study data

	Vegetation Volume Fraction
	0.20
	0.01-0.2
	Estimate

	Surface Roughness
	0.41
	0.15-0.41
	Estimate

	Surface Slope (%)
	1.6
	
	Study data

	Swale Side Slope (run/rise)
	3.25
	3.25-3.75
	Estimate

	LID Usage Editor 	

	Initial Moisture Saturation (%)
	0.01
	0.01-0.99
	Estimate

	Underlying Soil Properties (Green-Ampt infiltration method)

	Suction Head (millimeters)
	275.9
	13.2-594.0
	Estimate

	Conductivity (millimeters per hour)
	3.00
	3.0-11.2
	Estimate

	Initial Moisture Deficit (%)
	0.922
	0.01-0.99
	Estimate



Table SD1 lists the parameters required by the SWMM model unique to the swale of interest. Parameters used in this evaluation either were listed in Davis’ original study or were estimated using PEST (a nonlinear parameter estimation tool that uses the Gauss-Marquardt-Levenberg method to estimate parameters of a given model [Doherty, 2005]). The best fit parameters determined using PEST are listed in Table SD4.

Because of the model configuration described in Figure SD3, subcatchment width, percent slope, and roughness were all parameters of the roadway included in the PEST optimization. These parameters had a direct impact on both the inflow and outflow timing, determining how quickly runoff from the highway reached the LID. Although the depression storage of the highway was not measured directly because of the generally consistent characteristics of roadway asphalt, the parameter was held constant at 1 mm in an effort to minimize parameters involved in the PEST optimization.

From Davis’ paper, the planned dimensions of the swale can be seen as 0.312-ha top area, with a bottom width measuring 0.61 m, and length of 198 m.  The side slopes measured 3-m run/rise on one side of the swale and 4-m slope on the other, with 1.6-m surface slope. The width of the swale was back-calculated to be 15.76 m, assuming rectangular shape and dividing the area by the length of the swale. Because SWMM does not have the capability of modeling two different side slopes, the figure was averaged to be 3.5 m but left open to PEST optimization to account for possible variances.

Because vegetation volume and surface roughness were not measured specifically, the two parameters were included in the PEST-generated parameter estimation. Depression storage originally was included in the parameter estimation but was shown to have zero sensitivity after PEST was executed. This result indicated that this parameter’s value had no impact on the modeled outcome. Depression storage then was held constant at its original estimated value of 5 mm for the remainder of the PEST calibration. Initial saturation also was determined to have a sensitivity of zero and, therefore, was held constant at its originally estimated value of 0.01.

The swale was constructed with native soils that were indicated to range between a loam and a sandy loam according to the U.S. Department of Agriculture soil texture classification system (Davis et al., 2012). All three infiltration parameters (suction head, hydraulic conductivity, and initial moisture deficit) were included in the PEST parameter estimation with constraints within the possible range for these two soil classes.

Calibration and Testing

Four storms were used in this analysis to represent the swale’s hydraulic activity. To identify the best fit parameters, an iterative PEST calibration was completed for the nine unknown variables for each chosen storm. During a calibration trial, PEST was executed for the desired storm using the originally estimated parameter values as a starting point. When an optimal set of parameters was converged, PEST stopped running SWMM resulting in new parameter estimations. These output parameters then were indicated as the new start baseline, and PEST was executed again. If the second PEST trial generated the same numbers as were input, then it could be concluded that an optimal set of parameters was attained. To prohibit overcalibrating to any one storm, a limit of three PEST iterations was put in place for a given set of baseline parameters. For each storm calibration, several varying baseline sets of parameters were used, to explore a wide range of estimation space via PEST. The Nash-Sutcliffe value was calculated for each calibration iteration, see Table SD2. The estimated parameter set with the highest obtained Nash-Sutcliffe value was selected as the overall optimal set of parameters for that storm event.

The estimated optimal parameters then were substituted into the other three storm simulations to complete three testing trials. All variables, excluding initial moisture deficit, were held constant for the testings to see how SWMM would perform under the conditions determined in the calibration. Because the initial moisture deficit of the soil was unique to each storm, it was not possible for this value to be held constant among all four storm events. The Nash-Sutcliffe values for the testing trials were calculated and recorded in Table SD3.

Nash-Sutcliffe values were used as an indicator of goodness of fit between the modeled output and the measured output. The calibration and testing that produced the highest overall average of Nash-Sutcliffe values was selected as the true optimum set of parameters. The selected calibration storm was the 11/16/2005 event, which generated an overall Nash-Sutcliffe value average of 0.776. The estimated optimal parameters are reported in Table SD4.

Table SD2. Calibration Method
	Calibration Storm
	11/4/2004
NSE
	6/3/2005
NSE
	11/16/2005
NSE
	1/11/2006
NSE
	AVG

	11/4/2004
	0.770
	0.763
	0.811
	0.741
	0.771

	6/3/2005
	0.769
	0.762
	0.811
	0.756
	0.774

	11/16/2005
	0.743
	0.761
	0.809
	0.793
	0.776

	1/11/2006
	0.659
	0.632
	0.718
	0.816
	0.706



Table SD3. Calibration and Testing Runs
	Run
	Storm ID
	Storm 
Date
	Total Inflow 
(liters)
	Total Observed Outflow (liters)
	Total Simulated Outflow (liters)
	Nash-Sutcliffe Value
	R2 Value
	Percent Change Outflow Volume
	Initial 
Moisture
Deficit

	Calibration
	71
	11/16/2005
	96,002.4
	44,329.7
	42,837.6
	0.809
	0.882
	−3.4
	0.922

	Test 1
	41
	11/4/2004
	165,516.0
	89,716.7
	95,971.2
	0.743
	0.843
	+7.0
	0.879

	Test 2
	53
	6/3/2005
	78,468.0
	25,593.6
	23,680.8
	0.761
	0.861
	−7.5
	0.504

	Test 3
	73
	1/11/2006
	30,607.2
	17,107.2
	14,352.0
	0.793
	0.903
	−16.1
	0.100



Table SD4. Parameter Sensitivity
	Parameter
	Estimated Value
	Sensitivity
	Rank

	Roadway
	Road Width (meters)
	143
	5.68E-05
	9

	
	Road Slope (%)
	0.100
	2.85E-02
	5

	
	Road Roughness
	0.020
	0.406
	1

	Surface
	Vegetation Volume
	0.20
	4.81E-02
	4

	
	Surface Roughness
	0.41
	5.24E-02
	3

	
	Side Slope
	3.25
	0.117
	2

	Infiltration
	Conductivity (millimeters per hour)
	3.00
	9.76E-03
	7

	
	Suction Head (millimeters)
	275.9
	7.34E-05
	8

	
	Initial Moisture Deficit
	0.922
	2.45E-02
	6



Figures SD4A, SD4B, SD5A, SD5B, SD6A, SD6B, SD7A, and SD7B are calibration and testing hydrograph plots and correlations plots. The hydrograph plots depict the inflow hydrograph to the LID practice, the actual outflow as documented in the study research, and the outflow as reported by the SWMM 5.1.10 program. Inflow and outflow values are presented in millimeters per hour. The correlation plots compare the observed outflow to the SWMM 5.1.10 simulated outflow.





Figure SD4A. Calibration Hydrograph.


Figure SD4B. Correlation Plot for Calibration.






Figure SD5A. Test 1 Hydrograph.



Figure SD5B. Correlation Plot for Test 1.


Figure SD6A. Test 2 Hydrograph.



Figure SD6B. Correlation Plot for Test 2.






Figure SD7A. Test 3 Hydrograph.



Figure SD7B. Correlation Plot for Test 3.



Sensitivity Analysis

A sensitivity analysis was completed by PEST as part of the parameter estimation process. With each model run, PEST recorded the composite sensitivity of each parameter by calculating the magnitude of the Jacobian matrix column pertaining to a specific parameter, modulating it by the weight of the respective observation, and dividing that figure by the total number of observations (Doherty, 2005). Only those parameters included in the estimation that were not held constant were considered in the sensitivity analysis, the results of which can be seen in Table SD4. The reported sensitivity analysis was obtained from the final trial of the calibration storm, event 11/16/2005, using the optimal parameters converged in the calibration/testing process.

Discussion

Event Observations:

Figure SD4A, depicting the 11/16/2005 calibration storm event, achieved the overall highest Nash-Sutcliffe value and was the second highest R2 value. This simulation also most closely matched the measured total outflow, underpredicting the outflow by 3.4%. From Figure SD4A, it can be seen that the model predicted a higher initial outflow with the first peak, simulating outflow sooner than was measured. The model then underestimated the last three peaks, simulating a more uniform outflow than was measured and resulting in the total outflow underprediction.

Figure SD5A, the 11/04/2004 event, demonstrated a performance very similar to that of the calibration event. The model overpredicted the first outflow peak; however, it also depicted a steadier flow response and underestimated the next two peaks. All three simulated peaks were similar in magnitude, whereas the observed outflow experienced increasing flow peaks as the soil became increasingly saturated throughout the storm. This result potentially indicates SWMM overestimated the ability of the soil to recover between inflow spikes, allowing for more infiltration than was possible in actuality. The first testing event generated a Nash-Sutcliffe value of 0.743 and an R2 value of 0.843, the worst performance as compared with the other three storm events. This simulation did, however, produce the second-best total outflow volume estimation, overpredicting the outflow by 7.0%.

Test 2 attained a Nash-Sutcliffe value of 0.761, an R2 value of 0.861, and underestimated the total outflow volume by 7.5%. This performance ranked the 06/03/2005 event third in performance for all three categories mentioned above. Figure SD6A depicts how the model simulated a smaller peak outflow rate, while also demonstrating a more gradual decline in outflow rate, a phenomenon that is discussed further in the Overall Trends section below.

The third testing event, 01/11/2006, attained the second highest Nash-Sutcliffe value with 0.793 and the highest overall R2 value with 0.903. This storm did, however, perform the worst in terms of total outflow, estimating a volume 16.1% below the measured total. From Figure SD7A, it can be seen that SWMM simulated a much smoother outflow trend, while underestimating the peak outflow rate and amount of time it took to reach the peak. From this result, it can be inferred that SWMM overestimated the soil’s capacity to absorb inflow, resulting in smaller outflow rates.

Overall Trends:

In all four events, the simulated outflow occurs sooner than the observed outflow. This timing discrepancy was most likely a result of the model configuration used to simulate the rain events. When runoff from the roadway subcatchment was generated, SWMM immediately applied this runoff to the LID, eliminating channel flow time that most likely occurred as water traveled between the two subcatchments.

Aside from the initial outflow peaks seen in Figures SD4A and SD5A, SWMM underestimated all other peak outflow rates. This result suggests that SWMM tends to overestimate the soil’s ability to infiltrate water and also to recover in between peak flow periods in the cases where multiple peaks were present.

On the final outflow declines, the simulated outflow decreases at a more gradual rate than was observed for all four events. This result was most likely a product of SWMM’s method of inflow application to the LID. As inflow reached the LID, rather than simulating a flow from one end of the swale to the other, SWMM evenly distributed this inflow volume throughout the swale area. This application method changed the distance flowed by the water before reaching the outfall. Water that was applied to the swale in the middle or end regions of the LID was allowed to reach the outfall sooner than it would have had it started at the top and flowed through the length of the LID. Conversely, water that was applied to the uppermost corners of the swale had a longer distance to flow than it did given the actual flow path. These two modeling circumstances allowed the simulated outflow to start sooner and last longer than it would have, given the actual flow path.

From the sensitivity analysis in Table SD4, it can be concluded that roadway roughness was the parameter SWMM was most sensitive to. This parameter determined how quickly runoff from the drainage area was generated and, therefore, could reach the swale. The next three most sensitive parameters were surface parameters of the LID, swale side slope, surface roughness, and vegetation volume, respectively. These parameters also dictated the speed with which outflow was generated and how quickly it could flow through the swale to the outfall. The least sensitive parameter was the roadway width, which determined the flow length within the drainage area, followed by the infiltration parameters, which also displayed low sensitivities.

Conclusion

The overall rating of SWMM’s performance modeling this bioswale is “good” given that SWMM performed consistently well throughout all four events. The Nash-Sutcliffe values were all contained within a range of 0.066, spanning 0.743 and 0.809, whereas the R2 values were contained within a range of 0.060, spanning 0.843 and 0.903. The simulated outflow peak time was typically slightly earlier than was observed, with peaks on average simulated at a lower outflow rate than was measured. The model typically overestimated the infiltration capacity of the soil, resulting in lower peak outflow rates. Total outflow volume was well estimated except for the testing 3 event.
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Modeled Outflow (mm/hr.)
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Modeled Outflow (mm/hr.)
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0	6	0	6	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.4400000000000001E-3	1.15E-3	2.7999999999999998E-4	0	2.0000000000000002E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.47E-3	1.2099999999999999E-3	3.2000000000000003E-4	0	5.0000000000000002E-5	1.0000000000000001E-5	2.0000000000000002E-5	2.0000000000000002E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	0	1.5299999999999999E-3	1.2899999999999999E-3	3.6999999999999999E-4	0	8.0000000000000007E-5	2.0000000000000002E-5	2.0000000000000002E-5	3.0000000000000001E-5	2.0000000000000002E-5	2.0000000000000002E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	0	0	1.5299999999999999E-3	1.2800000000000001E-3	3.6999999999999999E-4	0	6.9999999999999994E-5	2.0000000000000002E-5	2.0000000000000002E-5	3.0000000000000001E-5	2.0000000000000002E-5	2.0000000000000002E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.58E-3	1.34E-3	4.0999999999999999E-4	0	1E-4	3.0000000000000001E-5	3.0000000000000001E-5	3.0000000000000001E-5	2.0000000000000002E-5	5.9000000000000003E-4	5.0000000000000001E-4	4.2000000000000002E-4	5.5999999999999995E-4	5.1999999999999995E-4	5.5999999999999995E-4	5.9000000000000003E-4	2.9999999999999997E-4	0	1.1E-4	5.0000000000000002E-5	4.0000000000000003E-5	4.0000000000000003E-5	3.0000000000000001E-5	3.0000000000000001E-5	2.0000000000000002E-5	2.0000000000000002E-5	2.0000000000000002E-5	2.0000000000000002E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	0	0	0	0	0	0	0	0	0	0	0	1.5E-3	2.2699999999999999E-3	1.6900000000000001E-3	0	3.0000000000000001E-5	4.0000000000000003E-5	1.0000000000000001E-5	2.0000000000000002E-5	2.0000000000000002E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.0000000000000001E-5	1.17E-3	1.67E-3	2.0500000000000002E-3	2.8300000000000001E-3	3.1099999999999999E-3	3.3800000000000002E-3	3.8899999999999998E-3	4.6800000000000001E-3	7.0000000000000001E-3	1.0580000000000001E-2	1.52E-2	5.8930000000000003E-2	0.11114	0.18021000000000001	0.26612000000000002	0.35654999999999998	0.38763999999999998	0.45046999999999998	0.61780999999999997	0.75341000000000002	0.93428999999999995	1.1939200000000001	1.25152	1.359	1.4555899999999999	1.5436300000000001	1.68692	1.7934000000000001	1.8736999999999999	1.94797	2.01735	2.0827399999999998	2.1448100000000001	2.2733599999999998	2.4343499999999998	2.6047699999999998	2.7827899999999999	2.9666899999999998	3.3014600000000001	3.6366100000000001	3.6913100000000001	3.7846299999999999	3.9413999999999998	4.0401899999999999	4.0972200000000001	4.09978	4.0736100000000004	4.0364699999999996	3.9915500000000002	3.9236200000000001	3.84463	3.7622900000000001	3.6781199999999998	3.5932400000000002	3.5084900000000001	3.42448	3.3342999999999998	3.22281	3.11198	3.0026099999999998	2.8952	2.7901400000000001	2.6876600000000002	2.5879500000000002	2.49112	2.3972099999999998	2.3062499999999999	2.2182300000000001	2.1331199999999999	2.0508899999999999	1.9714700000000001	1.89479	1.8208	1.7494099999999999	1.6805399999999999	1.61412	1.5500700000000001	1.48831	1.4755799999999999	1.48167	1.4756100000000001	1.4246399999999999	1.3744400000000001	1.3251999999999999	1.27702	1.2299599999999999	1.1840599999999999	1.1393599999999999	1.0958600000000001	1.0535699999999999	1.0124899999999999	1.0136099999999999	1.0310900000000001	1.03776	1.0042800000000001	0.97077999999999998	0.93749000000000005	0.90454999999999997	0.87204999999999999	0.84009	0.80871999999999999	0.77798	0.74792000000000003	0.71857000000000004	0.72624	0.74839999999999995	0.76093999999999995	0.73740000000000006	0.71352000000000004	0.68952000000000002	0.66556000000000004	0.64173000000000002	0.61812999999999996	0.59482999999999997	0.57188000000000005	0.54932999999999998	0.52722000000000002	0.50556999999999996	0.4844	0.46372999999999998	0.44356000000000001	0.42391000000000001	0.40477000000000002	0.41555999999999998	0.43812000000000001	0.45284999999999997	0.43783	0.42253000000000002	0.40711000000000003	0.39166000000000001	0.37625999999999998	0.36097000000000001	0.34583999999999998	0.33090000000000003	0.31620999999999999	0.30177999999999999	0.31407000000000002	0.33717000000000003	0.35338999999999998	0.34243000000000001	0.33100000000000002	0.31927	0.30734	0.29530000000000001	0.2868	0.2893	0.29236000000000001	0.29596	0.30005999999999999	0.30460999999999999	0.30959999999999999	0.31497000000000003	0.32069999999999999	0.32675999999999999	0.33311000000000002	0.33972000000000002	0.34655999999999998	0.35360999999999998	0.36085	0.36432999999999999	0.35560000000000003	0.34604000000000001	0.33585999999999999	0.32523000000000002	0.31426999999999999	0.30308000000000002	0.29176999999999997	0.28038999999999997	0.26901000000000003	0.25768000000000002	0.24643999999999999	0.23533000000000001	0.22436	0.21357999999999999	0.22624	0.24862000000000001	0.26504	0.25713000000000003	0.24875	0.24005000000000001	0.23111999999999999	0.22203999999999999	0.21287	0.20368	0.19450999999999999	0.18539	0.17635999999999999	0.18542	0.2019	0.22012000000000001	0.24016999999999999	0.25520999999999999	0.24992	0.24376999999999999	0.23698	0.22968	0.22201000000000001	0.21406	0.2059	0.19763	0.18928	0.18090999999999999	0.17255999999999999	0.16427	0.15606	0.14795	0.13997000000000001	0.15198999999999999	0.17255999999999999	0.18820000000000001	0.18256	0.17648	0.17008999999999999	0.16347999999999999	0.15670000000000001	0.14982000000000001	0.14288000000000001	0.13593	0.129	0.12213	0.11532000000000001	0.10861999999999999	0.10203	9.5560000000000006E-2	8.9249999999999996E-2	9.9820000000000006E-2	0.11786000000000001	0.13186	0.12741	0.12261	0.11756	0.11234	0.10699	0.10156999999999999	9.6110000000000001E-2	9.0649999999999994E-2	8.5220000000000004E-2	7.9829999999999998E-2	7.4520000000000003E-2	6.9309999999999997E-2	6.4199999999999993E-2	7.4010000000000006E-2	9.0700000000000003E-2	0.10397000000000001	0.10045999999999999	9.6610000000000001E-2	9.2499999999999999E-2	8.8200000000000001E-2	8.3769999999999997E-2	7.9250000000000001E-2	7.467E-2	7.009E-2	6.5509999999999999E-2	6.0979999999999999E-2	5.6500000000000002E-2	5.21E-2	6.1499999999999999E-2	7.7469999999999997E-2	9.0389999999999998E-2	8.7459999999999996E-2	8.4169999999999995E-2	8.0610000000000001E-2	7.6850000000000002E-2	7.2929999999999995E-2	6.8919999999999995E-2	6.4839999999999995E-2	6.0729999999999999E-2	5.663E-2	5.2549999999999999E-2	4.8520000000000001E-2	4.4560000000000002E-2	4.0689999999999997E-2	3.6909999999999998E-2	3.3250000000000002E-2	2.972E-2	2.632E-2	2.308E-2	1.9990000000000001E-2	1.7069999999999998E-2	1.4330000000000001E-2	2.0150000000000001E-2	3.0800000000000001E-2	3.9879999999999999E-2	3.7679999999999998E-2	3.5319999999999997E-2	3.2840000000000001E-2	3.0290000000000001E-2	2.7709999999999999E-2	2.512E-2	2.2540000000000001E-2	2.001E-2	1.755E-2	1.5169999999999999E-2	1.289E-2	1.073E-2	8.7100000000000007E-3	6.8399999999999997E-3	5.13E-3	9.4199999999999996E-3	1.7950000000000001E-2	2.5780000000000001E-2	2.427E-2	2.2589999999999999E-2	2.0789999999999999E-2	1.891E-2	1.6979999999999999E-2	1.5049999999999999E-2	1.3129999999999999E-2	1.1259999999999999E-2	9.4500000000000001E-3	7.7200000000000003E-3	6.11E-3	4.62E-3	8.9300000000000004E-3	1.7559999999999999E-2	2.562E-2	2.4389999999999998E-2	2.2939999999999999E-2	2.1340000000000001E-2	1.9619999999999999E-2	1.7819999999999999E-2	1.5990000000000001E-2	1.414E-2	1.231E-2	1.052E-2	8.7899999999999992E-3	7.1500000000000001E-3	5.62E-3	4.2100000000000002E-3	2.9499999999999999E-3	1.8600000000000001E-3	9.7000000000000005E-4	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	0	0	0	0	0	0	1.1538461538461537E-3	0	0	0	0	0	0	0	0	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	0	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	0	0	0	1.1538461538461537E-3	0	1.1538461538461537E-3	1.1538461538461537E-3	0	1.1538461538461537E-3	0	1.1538461538461537E-3	1.1538461538461537E-3	0	0	0	0	0	0	0	0	0	0	0	0	0	1.1538461538461537E-3	1.1538461538461537E-3	0	0	0	0	0	0	1.1538461538461537E-3	0	0	0	0	1.1538461538461537E-3	0	1.1538461538461537E-3	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.1538461538461537E-3	1.1538461538461537E-3	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	0	0	1.1538461538461537E-3	0	1.1538461538461537E-3	1.1538461538461537E-3	0	0	0	1.1538461538461537E-3	1.1538461538461537E-3	0	0	0	0	0	0	0	0	0	0	0	1.1538461538461537E-3	1.1538461538461537E-3	1.1538461538461537E-3	0	0	0	0	0	0	0	0	0	0	0	0	1.1538461538461537E-3	1.1538461538461537E-3	0	0	0	0	0	0	0	0	1.1538461538461537E-3	0	0	0	0	0	0	0	0	0	0	0	0	0	0	1.1538461538461537E-3	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	3.4615384615384612E-3	0.95884615384615368	2.6411538461538466	3.4038461538461546	3.9080769230769228	4.2865384615384619	4.5126923076923084	4.7446153846153853	4.7446153846153853	4.8634615384615385	4.7446153846153853	4.7446153846153853	4.6857692307692309	4.6857692307692309	4.6857692307692309	4.6280769230769234	4.3984615384615386	4.2865384615384619	4.1226923076923079	4.0142307692307693	3.961153846153846	3.6507692307692308	3.5515384615384611	3.4038461538461546	3.2146153846153847	3.0761538461538462	2.941153846153846	2.8534615384615383	2.7242307692307697	2.6411538461538466	2.5176923076923075	2.3215384615384616	2.2823076923076928	2.1703846153846151	1.9903846153846156	1.9557692307692307	1.787307692307692	1.6903846153846158	1.5957692307692306	1.5357692307692308	1.3903846153846156	1.3338461538461539	1.3073076923076923	1.2000000000000002	1.1746153846153846	1.0996153846153847	1.0996153846153847	1.0280769230769231	0.95884615384615368	0.93576923076923102	0.89192307692307682	0.82846153846153847	0.78807692307692312	0.72923076923076924	0.69115384615384601	0.6726923076923077	0.6726923076923077	0.65423076923076906	0.63692307692307704	0.60230769230769221	0.55153846153846153	0.48923076923076925	0.45923076923076928	0.44538461538461532	0.44538461538461532	0.43153846153846154	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.37730769230769234	0.36461538461538462	0.33923076923076922	0.32769230769230762	0.32769230769230762	0.31615384615384623	0.32769230769230762	0.32769230769230762	0.29307692307692307	0.28269230769230769	0.27115384615384619	0.25038461538461537	0.25038461538461537	0.25038461538461537	0.23076923076923078	0.22153846153846152	0.22153846153846152	0.22153846153846152	0.20307692307692307	0.20307692307692307	0.22153846153846152	0.20307692307692307	0.19384615384615386	0.19384615384615386	0.19384615384615386	0.18576923076923077	0.19384615384615386	0.1776923076923077	0.16153846153846158	0.1776923076923077	0.16153846153846158	0.16153846153846158	0.16961538461538461	0.16153846153846158	0.1776923076923077	0.16153846153846158	0.1776923076923077	0.16153846153846158	0.16153846153846158	0.19384615384615386	0.20307692307692307	0.22153846153846152	0.22153846153846152	0.22153846153846152	0.25038461538461537	0.27115384615384619	0.28269230769230769	0.30461538461538462	0.32769230769230762	0.32769230769230762	0.32769230769230762	0.32769230769230762	0.32769230769230762	0.32769230769230762	0.32769230769230762	0.36461538461538462	0.36461538461538462	0.36461538461538462	0.36461538461538462	0.36461538461538462	0.36461538461538462	0.36461538461538462	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.45923076923076928	0.50423076923076926	0.55153846153846153	0.58499999999999996	0.63692307692307704	0.65423076923076906	0.6726923076923077	0.69115384615384601	0.72923076923076924	0.6726923076923077	0.6726923076923077	0.6726923076923077	0.63692307692307704	0.61846153846153851	0.61846153846153851	0.56769230769230783	0.58499999999999996	0.58499999999999996	0.55153846153846153	0.55153846153846153	0.56769230769230783	0.56769230769230783	0.55153846153846153	0.55153846153846153	0.55153846153846153	0.52038461538461533	0.50423076923076926	0.52038461538461533	0.50423076923076926	0.50423076923076926	0.55153846153846153	0.52038461538461533	0.45923076923076928	0.43153846153846154	0.40384615384615385	0.44538461538461532	0.45923076923076928	0.43153846153846154	0.40384615384615385	0.45923076923076928	0.45923076923076928	0.45923076923076928	0.48923076923076925	0.55153846153846153	0.55153846153846153	0.55153846153846153	0.55153846153846153	0.50423076923076926	0.50423076923076926	0.50423076923076926	0.50423076923076926	0.50423076923076926	0.47423076923076918	0.47423076923076918	0.50423076923076926	0.50423076923076926	0.50423076923076926	0.50423076923076926	0.50423076923076926	0.50423076923076926	0.50423076923076926	0.50423076923076926	0.50423076923076926	0.45923076923076928	0.45923076923076928	0.45923076923076928	0.45923076923076928	0.45923076923076928	0.45923076923076928	0.45923076923076928	0.43153846153846154	0.43153846153846154	0.44538461538461532	0.43153846153846154	0.40384615384615385	0.44538461538461532	0.43153846153846154	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.41769230769230759	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.45923076923076928	0.43153846153846154	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.44538461538461532	0.43153846153846154	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.44538461538461532	0.41769230769230759	0.40384615384615385	0.36461538461538462	0.37730769230769234	0.40384615384615385	0.40384615384615385	0.39000000000000007	0.36461538461538462	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.44538461538461532	0.45923076923076928	0.45923076923076928	0.45923076923076928	0.44538461538461532	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.45923076923076928	0.45923076923076928	0.43153846153846154	0.40384615384615385	0.44538461538461532	0.44538461538461532	0.43153846153846154	0.41769230769230759	0.45923076923076928	0.45923076923076928	0.41769230769230759	0.41769230769230759	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.44538461538461532	0.45923076923076928	0.44538461538461532	0.45923076923076928	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.39000000000000007	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.40384615384615385	0.37730769230769234	0.36461538461538462	0.36461538461538462	Simulated Outflow (mm/hr.) 


Observed Outflow (mm/hr.)
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Flow (mm/hr.)
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