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Supplemental Material F
Emergency Operations Center Green Roof, Seattle, Washington
Dataset Description

The Emergency Operations Center (EOC) Green Roof is located on the top of the EOC building complex in Seattle, WA. The vegetated area of the EOC green roof is 7480 ft2 (685 m2 (Taylor Associates, 2012). The roof only intercepts precipitation that falls on it; no additional runoff is received from adjacent areas. Outflow moves through the granular storage layer along the bottom of the green roof and, ultimately, out through a roof drain, where flow was measured during the monitoring study (2008-2011; Cardno TEC, 2012). All water from the roof that is not captured by the vegetation leaves the installation through the roof drains and drainage system. A flow-monitoring station measured flow using a Unidata tipping bucket gauge for low flow rates and an electromagnetic flowmeter (a 2-in Unimag magmeter) for higher flow rates (Taylor Associates, 2012). Precipitation was measured by a tipping bucket rain gauge on the adjacent fire station roof.

The green roof is filled with 2 in of granular stone and 4 in of growing media. Vegetation types are listed in Taylor Associates (2012). The media for the 2-in (5.08-cm) drainage layer is Roofmeadow Type A Granular Drainage Media. The growing media is Roofmeadow Type M3, a proprietary soil mix described as moderately coarse with low silt content and moderately high moisture content at field capacity (Cardno TEC, 2012). The underlying drainage layer is described as a granular media with a high permeability and porosity greater than 0.2.

LID Photograph and Schematic

[bookmark: _Toc371673982][bookmark: _Toc438114913][image: ]
Figure SF1. Photograph of the EOC Seattle Green Roof (Taylor Associates, 2012).
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Figure SF2. Schematic of a Green Roof (Taylor, 2008).

Model Configuration

The model configuration used to represent this LID included a single subcatchment with the same area as the green roof. In the LID Usage Editor, the green roof was allocated to occupy the entire subcatchment. Rainfall was modeled with a rain gage using a 5-min intensity time series derived from tipping bucket rainfall data. Rainfall was the only inflow received by the LID. The drainage from the underdrain runoff was routed to an outfall where it could be compared with the measured drain flow values. Figure SF3 depicts this model configuration.
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Figure SF3. EPA Stormwater Management Model 5 (SWMM5) model configuration.



Data Transformations

SWMM version 5.1.10 was used to complete this analysis. The rainfall events were provided in a tipping bucket rain data format (inches), which were converted to intensity values (inches per hour) using the estimation method described in Wang et al. (2008). This inches-per-hour data file then were input into SWMM via a rain gauge. The provided outflow data was in 5-min time series format; therefore, all SWMM simulations also were reported in a 5-min time step. All drainage outflow comparisons were completed in inches per hour. The measured runoff values were reported in gallons per minute (GPM); therefore, to compare measured values to the SWMM-generated outflow, the measured values were normalized by the area of the roof (7480ft2) and converted to inches per hour. Lastly, to calculate the total measured outflow from the green roof (inches), the measured outflow time series (inches per hour) was summed, multiplied by the 5-min time step, and divided by 60 min, resulting in inches of outflow.

Model Inputs

Table SF1. SWMM 5 Input Parameters
	Type
	Value
	Range
(if estimated)
	Data Source

	Subcatchment

	Total Area (acres)
	0.172
	
	LID Study

	Percent Slope
	4.1
	
	LID Study

	Percent Impervious
	100
	
	LID Study

	Green Roof Usage

	Area (square feet)
	7480
	
	LID Study

	Width (feet)
	100.8
	30-110
	Estimated

	[bookmark: _GoBack]Initial Saturation (%)
	2.82
	0.01-25
	Estimated

	Surface Layer

	Berm Height (inches)
	0.10
	0.10-1.0
	Estimated

	Vegetation Volume Fraction
	0.05
	0.01-0.5
	Estimated

	Surface Roughness
	0.41
	0.01-0.70
	Estimated

	Surface Slope (%)
	4.17
	1.0-5.0
	Estimated

	Soil Layer

	Thickness (inches)
	4.00
	
	LID Study

	Porosity (void fraction)
	0.70
	0.34-0.70
	Estimated

	Field Capacity (void fraction)
	0.33
	0.30-0.33
	Estimated

	Wilting Point (void fraction)
	0.22
	0.09-0.29
	Estimated

	Conductivity (inches per hour)
	3.00
	0.60-45.0
	Estimated

	Conductivity Slope
	0.50
	0.01-20.0
	Estimated

	Suction Head (inches)
	4.00
	3.0-8.0
	Estimated

	Drainage Mat Layer

	Drain Mat Thickness (inches)
	2.00
	
	LID Study

	Drain Mat Void Ratio
	0.50
	0.20-0.50
	Estimated

	Drain Mat Roughness
	6.99
	0.01-10.0
	Estimated



Table SF1 lists the parameters required by the SWMM model unique to the green roof. Parameters used in this evaluation either were listed in the 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 SF1.

Calibration and Testing

Four storms were used in this analysis to represent the green roof’s hydraulic activity. To identify the best fit parameters, an iterative PEST calibration was completed for the 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 start point. When an optimal set of parameters was converged on, PEST stopped running SWMM and outputed the 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, enabling PEST to explore a wide range of estimation space. The Nash-Sutcliffe value was calculated for each calibration iteration. 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 trials. All variables, excluding initial saturation, were held constant for the testings to see how SWMM would perform under the conditions determined in the calibration. Because the initial saturation of the LID 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 trials were calculated and recorded in Table SF2. 

Nash-Sutcliffe values were used as an indicator of goodness of fit between the modeled output and the measured output. The calibration/testing that produced the highest overall average Nash-Sutcliffe value was selected as the true optimum set of parameters. The selected calibration storm was the 4/12/2009 event, which generated an overall Nash-Sutcliffe value average 0.937. Table SF3 gives a performance summary for the calibration run and three trials. 

Table SF2. Calibration Method
	Calibration Storm
	5/5/2009
	12/11/2010
	4/12/2009
	10/9/2010
	Average

	5/5/2009
	0.977
	0.825
	0.775
	0.901
	0.870

	12/11/2010
	0.582
	0.890
	0.729
	0.893
	0.773

	4/12/2009
	0.970
	0.853
	0.988
	0.939
	0.937

	10/9/2010
	0.969
	0.856
	0.967
	0.941
	0.933



Table SF3. Performance Summary
	Run
	Storm ID
	Storm 
Date
	Total Inflow (inches)
	Total Observed Outflow (inches)
	Total Simulated Outflow (inches)
	Nash-Sutcliffe Value
	R2 Value
	% Change Outflow Volume
	Initial Deficit

	Calibration
	137
	4/12/2009
	0.750
	  0.367
	 0.370
	0.988
	0.99
	0.82
	  2.82

	Test 1
	140
	12/11/2010
	3.586
	2.53
	3.21
	0.853
	0.97
	26.9
	   2.82

	Test 2
	138
	5/5/2009
	0.862
	  0.667
	  0.720
	0.970
	0.97
	7.95
	11.6

	Test 3
	139
	10/9/2010
	1.625
	1.09
	1.20   
	0.939
	0.94
	10.1
	    2.82



Figures SF4A, SF4B, SF5A, SF5B, SF6A, SF6B, SF7A, and SF7B are calibration 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. Both inflow and outflow are presented in inches per hour on the left axis. The correlation plots compare the observed outflow to the SWMM 5.1.10 simulated outflow.


Figure SF4A. Calibration Hydrograph.



Figure SF4B. Correlation Plot for Calibration.


Figure SF5A. Test 1 Hydrograph.


Figure SF5B. Correlation Plot for Test 1.



Figure SF6A. Test 2 Hydrograph.


Figure SF6B. Correlation Plot for Test 2.

Figure SF7A. Test 3 Hydrograph.


Figure SF7B. 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.

The surface layer parameters (storage, vegetation volume, surface roughness, and surface slope) and three soil layer properties (conductivity, conductivity slope, and suction head) returned zero sensitivity figures, indicating that their values had no impact on the drainage outflow or total outflow. These values therefore were not included in the sensitivity analysis in Table SF4, below. The reported sensitivity analysis was obtained from the calibration storm, event 4/12/2009, using the optimal parameters converged on in the calibration/testing process.

Table SF4. Parameter Sensitivity
	Parameter
	Estimated Value
	Sensitivity
	Rank

	LID Usage
	Width (feet)
	100.8
	0.000003
	7

	
	Initial Saturation
	       2.82
	0.000068
	5

	Soil
	Porosity
	        0.70
	0.000318
	4

	
	Field Capacity
	         0.33
	0.017666
	2

	
	Wilting Point
	         0.22
	0.023487
	1

	Drainage Mat
	Void Ratio
	         0.50
	0.000423
	3

	
	Roughness
	         6.99
	0.000050
	6



From Table SF4, wilting point and field capacity parameters were the most sensitive, respectively, with the drainage mat void ratio being the third most sensitive. The soil parameters were highly sensitive because they indicated how quickly water infiltrated through the medium to the drainage layer and how much water could be retained in the soil layer. The drainage mat void ratio had a similar effect on the results, as it dictated how quickly and how much water could flow to the outlet in the roof.

Discussion

Figure SF4A depicts the hydrograph for the calibration storm, the 4/12/2009 event. From Table SF3, this event can be seen with both the highest Nash-Sutcliffe and R2 values of all four storms, 0.988 and 0.99, respectively. SWMM overpredicted the total outflow volume by less than 1%, nearly perfectly matching the observed dataset. From Figure SF4A, the main visible discrepancies between the measure and simulated datasets occur in the beginning portions of outflow and in peak flow rates. The modeled initial flow lagged behind the observed dataset. This was most likely a result of the low estimated initial deficit value enabling excess water retention to be simulated within the LID. SWMM overpredicted the first peak flow rate slightly, whereas underestimating the second peak by an equally small margin.

Figure SF5A depicts the hydrograph of the 12/11/2010 event, which received the lowest Nash-Sutcliffe value of the four tests, 0.853, and an R2 value of 0.97. The hydrograph depicts how the model overpredicted outflow rates for much of the storm, while also miss-timing the outflow start time. The model accurately simulated peak flow rate timing, however, despite the discrepancy inflow magnitude. Because of SWMM’s consistent outflow overestimation, the simulated dataset modeled 26.9% more outflow than was observed.

Figure SF6A, the 5/5/2009 event, performed the second best overall, receiving a Nash-Sutcliffe value of 0.97 and an R2 value of 0.97 as well. The simulated dataset followed the same trends as seen in the calibration storm, with discrepancies in the early outflow activity and a slight overestimation on the descending arm of the hydrograph. SWMM modeled the peak outflow rate timing and magnitude nearly perfectly for this event. In the first section of the hydrograph, the modeled dataset is seen simulating declining initial outflow, whereas the observed dataset indicated increasing initial outflow. This is most likely a result of the high initial saturation, causing drainage from the LID to be simulated rather than water storage at the start of the rain event. The descending side of the hydrograph was simulated as a smoother curve than occurred in the measured dataset. This difference indicated that some form of lateral exfiltration or evaporation most likely occurred on the green roof that was not simulated. SWMM overprediction of total outflow volume was 7.95% for this event.

Lastly, Figure SF7A illustrates the 10/9/2010 event and displayed similar trends to those seen in Test 1, consistently overestimating the intensity of outflow from the green roof. SWMM again simulated an outflow start time later than the observed dataset because of the low initial saturation value estimated by PEST. The peak flow timing was simulated accurately despite the intensity differences between the two datasets. This simulation generated a Nash-Sutcliffe value of 0.939 and an R2 value of 0.94 while overestimating the total outflow volume by 10.1%.

Conclusion

There is an apparent conflict with initial saturation estimation resulting in a consistently low initial outflow rate simulation by SWMM, as seen in the Calibration, Test 1, and Test 3 hydrographs. This result may be a consequence of how the test trials were completed using PEST to estimate for the initial saturation. Because all other parameters were affixed at the values converged on in the calibration trials, PEST may have accommodated for the inability to change these parameters by underestimating the initial saturation value. This low initial saturation would allow for more water storage to occur later in the storm event, supplementing parameters of the soil that could not be changed. Tests 1 and 3 also displayed similar consistent outflow rate overpredictions, indicating that there was a discrepancy in storage volume available in the LID. Because these two storms occurred nearly a year after the others, it is possible that factors, such as wind erosion, could have decreased the density of the green roof soil and drainage media, resulting in more storage space for water in the LID.

Aside from these two flaws, SWMM could simulate peak outflow rates and timing with exceptional accuracy for this LID application, attaining both Nash-Sutcliffe and R2 values in the mid- to high-0.90s for all but one value. The model also simulated descending segments of all four hydrographs with relatively high precision. Because of this high performance in the testing process, SWMM’s performance with this LID application was given a rating of “excellent.”
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Measured Outflow (in/hr)
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1.66E-3	1.65E-3	1.6299999999999999E-3	1.6199999999999999E-3	1.6100000000000001E-3	1.5900000000000001E-3	1.58E-3	1.57E-3	1.56E-3	1.5399999999999999E-3	1.5299999999999999E-3	1.5200000000000001E-3	1.5100000000000001E-3	1.5E-3	1.48E-3	1.47E-3	1.4599999999999999E-3	1.4499999999999999E-3	1.4400000000000001E-3	1.4300000000000001E-3	1.42E-3	1.4E-3	1.39E-3	1.3799999999999999E-3	1.3699999999999999E-3	1.3600000000000001E-3	1.3500000000000001E-3	1.34E-3	1.33E-3	1.32E-3	1.31E-3	1.2999999999999999E-3	1.2899999999999999E-3	1.2800000000000001E-3	1.2700000000000001E-3	1.2600000000000001E-3	1.2600000000000001E-3	1.25E-3	1.24E-3	1.23E-3	1.2199999999999999E-3	1.2099999999999999E-3	1.1999999999999999E-3	1.1900000000000001E-3	1.1800000000000001E-3	1.1800000000000001E-3	1.17E-3	1.16E-3	1.15E-3	1.14E-3	1.1299999999999999E-3	1.1299999999999999E-3	1.1199999999999999E-3	1.1100000000000001E-3	1.1000000000000001E-3	1.1000000000000001E-3	1.09E-3	1.08E-3	1.07E-3	1.07E-3	1.06E-3	1.0499999999999999E-3	1.0399999999999999E-3	1.0399999999999999E-3	1.0300000000000001E-3	1.57E-3	2.0600000000000002E-3	2.5999999999999999E-3	3.1900000000000001E-3	4.0899999999999999E-3	5.2300000000000003E-3	5.9500000000000004E-3	7.0499999999999998E-3	8.77E-3	1.0200000000000001E-2	1.1050000000000001E-2	1.235E-2	1.391E-2	1.4800000000000001E-2	1.5689999999999999E-2	1.6590000000000001E-2	1.7229999999999999E-2	1.687E-2	1.653E-2	1.668E-2	1.7160000000000002E-2	1.7639999999999999E-2	1.8110000000000001E-2	1.9269999999999999E-2	2.0959999999999999E-2	2.1839999999999998E-2	2.3279999999999999E-2	2.4809999999999999E-2	2.5170000000000001E-2	2.5530000000000001E-2	2.6079999999999999E-2	2.6919999999999999E-2	2.7539999999999999E-2	2.785E-2	2.8160000000000001E-2	2.928E-2	3.0790000000000001E-2	3.1029999999999999E-2	3.1269999999999999E-2	3.2349999999999997E-2	3.406E-2	3.4770000000000002E-2	3.6130000000000002E-2	3.8490000000000003E-2	4.2270000000000002E-2	4.6780000000000002E-2	5.2139999999999999E-2	6.0749999999999998E-2	7.0470000000000005E-2	8.4029999999999994E-2	9.5009999999999997E-2	0.10399	0.1119	0.12288	0.13149	0.13885	0.14946000000000001	0.15984999999999999	0.16502	0.16520000000000001	0.16900999999999999	0.17015	0.17007	0.17366999999999999	0.17710999999999999	0.18296000000000001	0.19238	0.19880999999999999	0.20105000000000001	0.20319000000000001	0.20521	0.20713000000000001	0.20624999999999999	0.20419000000000001	0.20347000000000001	0.20424999999999999	0.21017	0.21182999999999999	0.21068000000000001	0.20835000000000001	0.2074	0.20527000000000001	0.20449000000000001	0.20252999999999999	0.20458999999999999	0.20655000000000001	0.2084	0.21015	0.21182000000000001	0.21339	0.21487999999999999	0.21629000000000001	0.22039	0.22277	0.22248000000000001	0.22755	0.22825999999999999	0.22613	0.22564999999999999	0.23055999999999999	0.23393	0.23843	0.23852000000000001	0.23860999999999999	0.23869000000000001	0.23591999999999999	0.23486000000000001	0.23930999999999999	0.24221000000000001	0.24628	0.24590999999999999	0.24556	0.24523	0.24204000000000001	0.23491000000000001	0.22827	0.22208	0.21906	0.22302	0.22806000000000001	0.23155999999999999	0.23333999999999999	0.22681000000000001	0.22072	0.21504000000000001	0.20973	0.20477000000000001	0.20011999999999999	0.19575999999999999	0.19167999999999999	0.18784999999999999	0.18296000000000001	0.17652999999999999	0.17177000000000001	0.16786999999999999	0.16241	0.15729000000000001	0.15248999999999999	0.14798	0.14374000000000001	0.13936000000000001	0.13467999999999999	0.13028999999999999	0.12762999999999999	0.12728	0.12695000000000001	0.12662999999999999	0.12633	0.12604000000000001	0.12576999999999999	0.1255	0.12452000000000001	0.12250999999999999	0.12490999999999999	0.12690000000000001	0.1321	0.13714999999999999	0.14202000000000001	0.14673	0.15365000000000001	0.16148999999999999	0.16545000000000001	0.16924	0.17287	0.17635000000000001	0.17965999999999999	0.18540999999999999	0.19212000000000001	0.19733999999999999	0.20355999999999999	0.20555999999999999	0.20746999999999999	0.20927000000000001	0.21098	0.21260000000000001	0.21412999999999999	0.21557999999999999	0.21695999999999999	0.21826000000000001	0.21948999999999999	0.22065000000000001	0.22175	0.22278000000000001	0.22377	0.22191	0.21890000000000001	0.22009999999999999	0.21845999999999999	0.21565999999999999	0.21429000000000001	0.20902999999999999	0.20411000000000001	0.20216999999999999	0.20157	0.19711999999999999	0.19559000000000001	0.19535	0.1913	0.19009000000000001	0.19015000000000001	0.18901000000000001	0.18912999999999999	0.18804000000000001	0.18820999999999999	0.18718000000000001	0.18739	0.18382000000000001	0.18303	0.18346000000000001	0.18012	0.17699000000000001	0.17402999999999999	0.17125000000000001	0.16738	0.16195000000000001	0.15806999999999999	0.15458	0.14896999999999999	0.14371	0.13838	0.13191	0.12584999999999999	0.12017	0.11484999999999999	0.11090999999999999	0.11025	0.10552	0.10108	9.6890000000000004E-2	9.2950000000000005E-2	8.9219999999999994E-2	8.5699999999999998E-2	8.3320000000000005E-2	8.3799999999999999E-2	8.0570000000000003E-2	7.7520000000000006E-2	7.553E-2	7.6280000000000001E-2	1.7993598729611772E-3	1.7993569533968235E-3	1.8882445171183352E-3	1.9774313652103546E-3	1.9774284292884974E-3	2.1567058636591955E-3	2.2467948652428781E-3	2.3371858536833214E-3	2.5188787357219968E-3	2.7017853334330203E-3	2.7936934265352892E-3	2.9784259815762572E-3	3.0712483640934819E-3	3.2578109453664465E-3	3.351549018043094E-3	3.6345986848065957E-3	4.0162662437558585E-3	5.1903025968757996E-3	6.4068783148118411E-3	7.7703501056434841E-3	8.1988354221295707E-3	7.98409267256351E-3	7.9840966701894226E-3	7.8771053498719098E-3	7.9841046654412426E-3	8.3066040543611358E-3	8.7400353886461744E-3	8.9581804384018249E-3	9.0676031128266374E-3	8.8490028980917363E-3	8.9581947874633194E-3	9.1772639059992996E-3	9.5075488828438044E-3	1.039762105257851E-2	1.1869373867299481E-2	1.2212794760857956E-2	1.2787764548029632E-2	1.4061766951816631E-2	1.4760222630201922E-2	1.580969452799685E-2	1.6741564167590751E-2	1.7900418493129868E-2	1.893293762711579E-2	2.0062476012500906E-2	2.0507559032461181E-2	2.1491620813977846E-2	2.2446981137162841E-2	2.3065011665172545E-2	2.3161841711229945E-2	2.4577287593582884E-2	2.6636117967914437E-2	2.8437594545454546E-2	3.0367748021390369E-2	3.1525840106951877E-2	3.2683932192513365E-2	3.3713347379679147E-2	3.5128793262032082E-2	3.6672916042780751E-2	3.9246454010695188E-2	4.053322299465241E-2	4.2849407165775399E-2	4.4908237540106949E-2	4.6066329625668451E-2	4.8768544491978615E-2	5.1084728663101597E-2	5.1728113155080205E-2	5.2757528342245986E-2	5.2757528342245986E-2	5.3658266631016041E-2	5.4687681818181823E-2	5.6360481497326191E-2	5.6489158395721925E-2	5.81619580748663E-2	5.8290634973262034E-2	5.8676665668449195E-2	5.9320050160427809E-2	5.9191373262032082E-2	5.8805342566844922E-2	5.9448727058823522E-2	5.996343465240641E-2	5.9834757754010696E-2	5.9320050160427809E-2	5.8934019465240656E-2	5.8805342566844922E-2	5.9062696363636369E-2	5.8290634973262034E-2	5.7261219786096253E-2	5.738989668449198E-2	5.75185735828877E-2	5.7003865989304806E-2	5.8419311871657754E-2	5.8419311871657754E-2	5.777592737967914E-2	5.81619580748663E-2	5.7904604278074853E-2	5.7904604278074853E-2	5.6617835294117652E-2	5.6489158395721925E-2	5.6360481497326191E-2	5.6617835294117652E-2	5.6617835294117652E-2	5.5974450802139031E-2	5.558842010695187E-2	5.5717097005347584E-2	5.5331066310160423E-2	5.4945035614973256E-2	5.8547988770053468E-2	5.8419311871657754E-2	5.9577403957219249E-2	6.1636234331550799E-2	6.3823741604278061E-2	6.8713463743315509E-2	7.3603185882352928E-2	8.1709830481283413E-2	8.917309058823529E-2	9.8180473475935823E-2	0.10757388705882351	0.10474299529411765	0.11066213262032085	0.11979819240641711	0.12816219080213903	0.13446735882352939	0.13858501957219249	0.14077252684491981	0.14424680310160426	0.14566224898395722	0.14682034106951869	0.14862181764705884	0.1496512328342246	0.15325418598930482	0.15737184673796792	0.15994538470588235	0.15981670780748661	0.15943067711229947	0.15930200021390373	0.15827258502673797	0.15557037016042777	0.15338286288770053	0.15235344770053474	0.15325418598930482	0.15351153978609625	0.15441227807486629	0.15068064802139036	0.14875049454545455	0.14656298727272726	0.14424680310160426	0.14360341860962567	0.14334606481283424	0.14077252684491981	0.14038649614973261	0.13948575786096257	0.14012914235294116	0.14077252684491981	0.14012914235294116	0.14000046545454545	0.1414159113368984	0.14463283379679145	0.14463283379679145	0.14514754139037434	0.14694901796791443	0.14656298727272726	0.14514754139037434	0.14591960278074867	0.14849314074866307	0.14977990973262031	0.15068064802139036	0.15132403251336896	0.15222477080213903	0.15222477080213903	0.15222477080213903	0.15222477080213903	0.15595640085561494	0.15981670780748661	0.16239024577540107	0.16290495336898395	0.16457775304812833	0.16393436855614973	0.16226156887700535	0.16020273850267377	0.15505566256684492	0.15106667871657753	0.14772107935828876	0.14926520213903743	0.15479830877005346	0.15827258502673797	0.15852993882352939	0.15595640085561494	0.15183874010695186	0.14836446385026739	0.14411812620320855	0.14154458823529412	0.13845634267379678	0.13511074331550801	0.13099308256684489	0.1270040987165775	0.12237173037433156	0.11941216171122994	0.11439376267379679	0.11104816331550803	0.10667314877005347	0.10307019561497326	9.9338565561497325E-2	9.5992966203208546E-2	9.2132659251336901E-2	8.8529706096256669E-2	8.5055429839572191E-2	8.209586117647058E-2	8.0680415294117638E-2	7.8235554224598935E-2	7.5919370053475932E-2	7.5533339358288765E-2	7.501863176470587E-2	7.4503924171123004E-2	7.3217155187165789E-2	7.2573770695187168E-2	7.1930386203208546E-2	7.1930386203208546E-2	7.2316416898395727E-2	7.3731862780748655E-2	7.682010834224598E-2	7.9007615614973256E-2	8.183850737967914E-2	8.6213521925133693E-2	9.1360597860962553E-2	9.7022381390374321E-2	0.10178342663101606	0.10667314877005347	0.1138790550802139	0.11864010032085562	0.12301511486631016	0.12777616010695186	0.13266588224598932	0.13716957368983959	0.14167326513368983	0.14450415689839574	0.14875049454545455	0.15222477080213903	0.15505566256684492	0.15711449294117649	0.15878729262032082	0.15994538470588235	0.1620042150802139	0.16354833786096257	0.16522113754010695	0.16740864481283418	0.16779467550802138	0.16689393721925133	0.16573584513368986	0.16483510684491978	0.16457775304812833	0.16277627647058823	0.16097479989304811	0.15968803090909092	0.15659978534759361	0.15312550909090908	0.15042329422459891	0.14707769486631014	0.14566224898395722	0.14334606481283424	0.14064384994652407	0.13832766577540107	0.13704089679144388	0.13626883540106949	0.13523942021390373	0.13395265122994654	0.13305191294117646	0.13112175946524063	0.12996366737967913	0.12996366737967913	0.12957763668449199	0.12726145251336898	0.12468791454545453	0.12378717625668448	0.12301511486631016	0.12005554620320853	0.11773936203208557	0.11555185475935828	0.1132356705882353	0.11040477882352942	0.10731653326203208	0.10435696459893046	0.10088268834224598	9.6636350695187154E-2	9.3290751336898403E-2	9.0073828877005352E-2	8.6856906417112301E-2	8.3125276363636355E-2	7.9522323208556137E-2	7.6562754545454539E-2	7.3603185882352928E-2	7.0643617219251331E-2	6.7684048556149734E-2	6.5110510588235276E-2	6.2408295721925126E-2	5.9834757754010696E-2	5.738989668449198E-2	5.5331066310160423E-2	5.2886205240641714E-2	5.1213405561497324E-2	4.8639867593582874E-2	4.6967067914438498E-2	4.5551622032085563E-2	4.4007499251336894E-2	0	1	0	1	Simulated Outflow (in/hr)


Measured Outflow (in/hr)
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Measured Outflow (in/hr)
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