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[bookmark: _Toc322464170]Abstract
	This paper models a one dimensional steady flow using three techniques: A to scale teaching Flume,By hand calculations and the U.S. Army Corps of Engineers’ River Analysis System (HEC-RAS). 
[bookmark: _Toc322464171]
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[bookmark: _Toc322464172]Introduction
Rivers, creeks and other waterways are the circulatory system for life inland. Early humans built the first cities along these veins. Eventually they learned to harness the power of the rivers and bring water father inland with structures like Rome’s famous aqueducts. In modern day we do thing like construct waterways (Panama Canal), reroute rivers ( Danube River) and more. Projects of this magnitude can’t be done in a haphazard manner. Parameters have to be established and consequences have to be considered. 
Establishing these parameters used to entail countless repetitious calculations; computers have changed that and allow engineers to vet systems with relative ease. Of the many tools available for this type of analysis we will be looking at HEC-RAS. HEC-RAS is a software solution that has many applications in modeling steady flow conditions.  

[bookmark: _Toc322464173][image: ]Theoretical Background
 (
Figure 
1
 - Standard Step Diagram
)HEC-RAS’s com calculations are based on the one dimensional Energy Equation and employ an iterative method called the Single Step Method. Energy losses are evaluated via friction via Manning’s equation as well as expansion and contraction coefficients. 
	The standard step method is used to determine the profile in gradually varied flows, and can be derived from the energy equation:
		Standard Energy Equation
	Using the relationships set up in Figure 1 
As with any iterative computational procedure, the smaller the iteration, the more accurate the numbers will be.(Integrated Publishing, 2012) The exact terming of the equation and method are a little different that the variation HEC-RAS Employs but this is sufficient to be able to visualize the concept.  
The expansion and contraction head loss equation is iterated as well but is only vilid for instances where C > 0

[bookmark: _Toc322464174]
Experimental Apparatus
The lab exercise was performed on an Armfield C-4 Tilting Flume Pictured in Figure 2. 

[bookmark: _Toc322464175][image: ]Experimental Procedure
[bookmark: _Toc322464176]Flume Modeling
At the beginning of the experiment the pump was turned on and the water began to circulate. Initially there was some variance to the flow, but the variance eventually subsided and
became uniform flow. 
 (
Figure 
2
 - 
Armfield
 C-4 Tilting Flume
)	We then took the depth of the flow at three points on the flume.The downstream end of the flume was the starting point for measurement, called Station 0.0 (m) and the upstream end of the flume was called Station 5.0 (m) , see Figure 2. Measurements for the station numbers were taken from a ruler incremented in cm and the ruler that is attached to the flume incremented in mm was used to measure the level of the water.  
	The same ruler was then used to measure the dimensions of the weir that let the waster spill back into the reservoir for the pump.
	Lastly we noted the pitot-static flow gauge. 
[bookmark: _Toc322464177]Software Modeling
Using the information gathered above we created a HEC-RAS model. Then an analysis was run using different flow rates as parameters until the flow depths at various stations coincided with the numbers we got in the lab. 


[bookmark: _Toc322464178]Results
[bookmark: _Toc322464179]Laboratory Measurements
	The tables below contain the measurements obtained while the flume was operating.  The measurements were taken when steady flow was achieved. 
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Table 1 - Dimensions of Flume in Figure 1
	Flume Width
	.076 m

	Wall Height 
	.250 m

	Flume length
	5.00 m

	Weir Height
	.082 m

	Weir Length
	.051 m

	Depth Up-Stream of Wier
	.089 m





Table 2 - Measured Depth in Flume
	Sta #
	Water Level

	0.29
	34mm

	2.35
	42mm

	4.16
	52mm





	The pitot-static flow gauge registered a flow of 2.0 Liters per minute.
[bookmark: _Toc322464180]Hand Calculations
	To establish a set point to base the reliability of our numbers we will be assuming that the discharge equation is the most accurate calculation.  This equation is derived from the energy equation and was used in the first lab of the semseter.

[image: ]
[image: ]
[bookmark: _Toc322464181]Software Modeling
The software modeling was performed using HEC-RAS. The output was in raw data in spread sheet form. The data from this experiment can be found in Appendix A, and was some of the numbers were truncated so that the tables could be displayed on the page properly.
 Below is a flow profile that compares the Gauge read flow with the flow that most closely meets our measurements. In the legend EG stands for Energy Grade Line, WS stands for Water Surface, and Crit stands for the Critical Flow.[image: ]

Figure 3 - Flow Profile Comparing Flume Results to HEC-RAS
[bookmark: _Toc322464182]Discussion
	As mentioned above we are taking the hand calculations as the most correct. The calculations give the total discharge of the weir, which once steady flow has been achieved is the discharge from the flume. In comparing the numbers to the numbers provided by the static pivot gauge and HEC-RAS the disparity between the numbers becomes pretty evident.
Table 3 - Contrasting the Heights, both projected and measured of Various Flows 
	Sta #
	Water Level
	HEC-RAS @ 2 L/S
	HEC-RAS @ 1.6 L/S
	HEC-RAS @ 1.45 L/S

	0.29
	34mm
	 
	 
	 

	0.30
	 
	45.90mm
	38.30mm
	36.40mm

	2.30
	 
	56.00mm
	48.30mm
	45.70mm

	2.35
	42mm
	
	
	

	2.40
	 
	56.40mm
	48.60mm
	46.00mm

	4.10
	 
	61.50mm
	53.40mm
	50.50mm

	4.16
	52mm
	
	
	

	4.20
	 
	61.80mm
	53.60mm
	50.70mm



	The heights of the modeled stream do not match with the data collected. With the flow of 1.45 Liters per second at stations 4.1-4.2 the height is within the assumed margin of error (± 1mm), mid-stream , stations 2.4-2.3, we are off by four millimeters and at the last satiation off by 3. There are many possibilities why the numbers provided by HEC –RAS start off agreeing with measurements and then diverge for the other two stations. 
 (
Figure 
4
 - Uniform Cross Section of Flume
)[image: ]	HEC-RAS can model river beds and calculate the losses in energy incurred when the water passes over obstructions. The flume in the lab had multiple obstructions on the bed of the flume, these caused head loss. While taking measurements in lab we did not measure the dimensions of these obstructions so  they were not entered into HEC-RAS . This over sight is the likely the cause of deviation between the observed and the projected heights. 
[bookmark: _GoBack]	Another possible source for the discrepancies is the oscillations in the water. The reading where the two agreed on depth was before the water had hit the obstructions in the flume and was calm. The other two readings were downstream of that and the depth was varying with small peaks and troughs which may have exadurated errors in our measurements.
	That oversight could possibly also explain the difference in projected flows for HEC-RAS and our hand calculations. The program specifies that a flow of  1.45 L/S will produce the depth to match out measurements. Our discharge equation sets the total flow for the critical depth at the weir to 1.66 L/s. While this is only a 13% difference this coupled with the other anomaly is cause for concern.
	The gauge measurement on the test device also conflicted with measurements as it produced a reading of 2.0 L/S. This is 20% more than our calculations had us expecting.
[bookmark: _Toc322464183]Conclusion and Recommendation
	The lab was an overall success. We were able to ascertain that the gauge is out of calibration; however we were not able to definitively say by how much. We would be able to say with more certainty if our HEC-RAS model had matched the observations made in the lab. 
	We would recommend that the obstructions on the flume bed be measured and added to our HEC-RAS model for a better fit with observations.As well as with time averaging the depths at the stations.
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Appendix I –Raw Data


	River Station (m)
	Profile Litre/sec
	Q Total (m3/s)
	Water Surface (W.S.) Elev (m)
	Critical  W.S. (m)
	E.G. Elev (m)
	E.G. Slope (m/m)
	VelChnl (m/s)
	Froude # Chl

	
	
	
	
	
	
	
	
	

	5.000
	1.45 L/s
	0.001
	0.052
	
	0.059
	0.002
	0.364
	0.508

	5.000
	1.48 L/s
	0.001
	0.053
	
	0.060
	0.002
	0.368
	0.510

	5.000
	1.50 L/s
	0.002
	0.053
	
	0.060
	0.002
	0.370
	0.511

	5.000
	1.52 L/s
	0.002
	0.054
	
	0.061
	0.002
	0.372
	0.513

	5.000
	1.60 L/s
	0.002
	0.055
	
	0.063
	0.002
	0.380
	0.515

	5.000
	2.0 L/s
	0.002
	0.064
	
	0.073
	0.002
	0.413
	0.522

	
	
	
	
	
	
	
	
	

	4.9*    
	1.45 L/s
	0.001
	0.052
	
	0.059
	0.002
	0.366
	0.511

	4.9*    
	1.48 L/s
	0.001
	0.053
	
	0.060
	0.002
	0.369
	0.513

	4.9*    
	1.50 L/s
	0.002
	0.053
	
	0.060
	0.002
	0.371
	0.514

	4.9*    
	1.52 L/s
	0.002
	0.054
	
	0.061
	0.002
	0.374
	0.516

	4.9*    
	1.60 L/s
	0.002
	0.055
	
	0.063
	0.002
	0.382
	0.518

	4.9*    
	2.0 L/s
	0.002
	0.064
	
	0.072
	0.002
	0.415
	0.525

	
	
	
	
	
	
	
	
	

	4.8*    
	1.45 L/s
	0.001
	0.052
	
	0.059
	0.002
	0.367
	0.514

	4.8*    
	1.48 L/s
	0.001
	0.053
	
	0.060
	0.002
	0.371
	0.516

	4.8*    
	1.50 L/s
	0.002
	0.053
	
	0.060
	0.002
	0.373
	0.517

	4.8*    
	1.52 L/s
	0.002
	0.053
	
	0.061
	0.002
	0.375
	0.519

	4.8*    
	1.60 L/s
	0.002
	0.055
	
	0.063
	0.002
	0.383
	0.522

	4.8*    
	2.0 L/s
	0.002
	0.063
	
	0.072
	0.002
	0.416
	0.528

	
	
	
	
	
	
	
	
	

	4.7*    
	1.45 L/s
	0.001
	0.052
	
	0.059
	0.002
	0.369
	0.517

	4.7*    
	1.48 L/s
	0.001
	0.052
	
	0.059
	0.002
	0.372
	0.519

	4.7*    
	1.50 L/s
	0.002
	0.053
	
	0.060
	0.002
	0.374
	0.520

	4.7*    
	1.52 L/s
	0.002
	0.053
	
	0.060
	0.002
	0.377
	0.522

	4.7*    
	1.60 L/s
	0.002
	0.055
	
	0.062
	0.002
	0.385
	0.525

	4.7*    
	2.0 L/s
	0.002
	0.063
	
	0.072
	0.002
	0.418
	0.531

	
	
	
	
	
	
	
	
	

	4.6*    
	1.45 L/s
	0.001
	0.052
	
	0.059
	0.002
	0.370
	0.520

	4.6*    
	1.48 L/s
	0.001
	0.052
	
	0.059
	0.002
	0.374
	0.522

	4.6*    
	1.50 L/s
	0.002
	0.053
	
	0.060
	0.002
	0.376
	0.523

	4.6*    
	1.52 L/s
	0.002
	0.053
	
	0.060
	0.002
	0.378
	0.525

	4.6*    
	1.60 L/s
	0.002
	0.055
	
	0.062
	0.002
	0.386
	0.528

	4.6*    
	2.0 L/s
	0.002
	0.063
	
	0.072
	0.002
	0.419
	0.534

	
	
	
	
	
	
	
	
	

	4.5*    
	1.45 L/s
	0.001
	0.051
	
	0.058
	0.002
	0.372
	0.524

	4.5*    
	1.48 L/s
	0.001
	0.052
	
	0.059
	0.002
	0.375
	0.526

	4.5*    
	1.50 L/s
	0.002
	0.052
	
	0.060
	0.002
	0.377
	0.526

	4.5*    
	1.52 L/s
	0.002
	0.053
	
	0.060
	0.002
	0.380
	0.528

	4.5*    
	1.60 L/s
	0.002
	0.054
	
	0.062
	0.002
	0.388
	0.531

	4.5*    
	2.0 L/s
	0.002
	0.063
	
	0.072
	0.002
	0.421
	0.537

	
	
	
	
	
	
	
	
	

	4.4*    
	1.45 L/s
	0.001
	0.051
	
	0.058
	0.002
	0.373
	0.527

	4.4*    
	1.48 L/s
	0.001
	0.052
	
	0.059
	0.002
	0.377
	0.529

	4.4*    
	1.50 L/s
	0.002
	0.052
	
	0.060
	0.002
	0.379
	0.530

	4.4*    
	1.52 L/s
	0.002
	0.053
	
	0.060
	0.002
	0.382
	0.532

	4.4*    
	1.60 L/s
	0.002
	0.054
	
	0.062
	0.002
	0.390
	0.535

	4.4*    
	2.0 L/s
	0.002
	0.062
	
	0.071
	0.002
	0.423
	0.541

	
	
	
	
	
	
	
	
	

	4.3*    
	1.45 L/s
	0.001
	0.051
	
	0.058
	0.002
	0.375
	0.530

	4.3*    
	1.48 L/s
	0.001
	0.052
	
	0.059
	0.002
	0.378
	0.532

	4.3*    
	1.50 L/s
	0.002
	0.052
	
	0.059
	0.002
	0.381
	0.533

	4.3*    
	1.52 L/s
	0.002
	0.052
	
	0.060
	0.002
	0.383
	0.535

	4.3*    
	1.60 L/s
	0.002
	0.054
	
	0.062
	0.002
	0.391
	0.538

	4.3*    
	2.0 L/s
	0.002
	0.062
	
	0.071
	0.002
	0.425
	0.544

	
	
	
	
	
	
	
	
	

	4.2*    
	1.45 L/s
	0.001
	0.051
	
	0.058
	0.002
	0.377
	0.534

	4.2*    
	1.48 L/s
	0.001
	0.051
	
	0.059
	0.002
	0.380
	0.536

	4.2*    
	1.50 L/s
	0.002
	0.052
	
	0.059
	0.002
	0.382
	0.537

	4.2*    
	1.52 L/s
	0.002
	0.052
	
	0.060
	0.002
	0.385
	0.539

	4.2*    
	1.60 L/s
	0.002
	0.054
	
	0.062
	0.002
	0.393
	0.542

	4.2*    
	2.0 L/s
	0.002
	0.062
	
	0.071
	0.002
	0.426
	0.547

	
	
	
	
	
	
	
	
	

	4.1*    
	1.45 L/s
	0.001
	0.051
	
	0.058
	0.002
	0.378
	0.537

	4.1*    
	1.48 L/s
	0.001
	0.051
	
	0.058
	0.002
	0.382
	0.540

	4.1*    
	1.50 L/s
	0.002
	0.052
	
	0.059
	0.002
	0.384
	0.540

	4.1*    
	1.52 L/s
	0.002
	0.052
	
	0.059
	0.002
	0.387
	0.542

	4.1*    
	1.60 L/s
	0.002
	0.053
	
	0.061
	0.002
	0.395
	0.545

	4.1*    
	2.0 L/s
	0.002
	0.062
	
	0.071
	0.002
	0.428
	0.551

	
	
	
	
	
	
	
	
	

	4.*     
	1.45 L/s
	0.001
	0.050
	
	0.058
	0.002
	0.380
	0.541

	4.*     
	1.48 L/s
	0.001
	0.051
	
	0.058
	0.002
	0.384
	0.543

	4.*     
	1.50 L/s
	0.002
	0.051
	
	0.059
	0.002
	0.386
	0.544

	4.*     
	1.52 L/s
	0.002
	0.052
	
	0.059
	0.002
	0.388
	0.546

	4.*     
	1.60 L/s
	0.002
	0.053
	
	0.061
	0.002
	0.397
	0.549

	4.*     
	2.0 L/s
	0.002
	0.061
	
	0.071
	0.002
	0.430
	0.555

	
	
	
	
	
	
	
	
	

	3.9*    
	1.45 L/s
	0.001
	0.050
	
	0.058
	0.002
	0.382
	0.545

	3.9*    
	1.48 L/s
	0.001
	0.051
	
	0.058
	0.002
	0.385
	0.547

	3.9*    
	1.50 L/s
	0.002
	0.051
	
	0.059
	0.002
	0.388
	0.548

	3.9*    
	1.52 L/s
	0.002
	0.051
	
	0.059
	0.002
	0.390
	0.550

	3.9*    
	1.60 L/s
	0.002
	0.053
	
	0.061
	0.002
	0.398
	0.553

	3.9*    
	2.0 L/s
	0.002
	0.061
	
	0.071
	0.002
	0.432
	0.558

	
	
	
	
	
	
	
	
	

	3.8*    
	1.45 L/s
	0.001
	0.050
	
	0.057
	0.002
	0.384
	0.549

	3.8*    
	1.48 L/s
	0.001
	0.050
	
	0.058
	0.002
	0.387
	0.551

	3.8*    
	1.50 L/s
	0.002
	0.051
	
	0.059
	0.002
	0.389
	0.552

	3.8*    
	1.52 L/s
	0.002
	0.051
	
	0.059
	0.002
	0.392
	0.554

	3.8*    
	1.60 L/s
	0.002
	0.053
	
	0.061
	0.002
	0.400
	0.557

	3.8*    
	2.0 L/s
	0.002
	0.061
	
	0.070
	0.002
	0.434
	0.562

	
	
	
	
	
	
	
	
	

	3.7*    
	1.45 L/s
	0.001
	0.050
	
	0.057
	0.002
	0.385
	0.552

	3.7*    
	1.48 L/s
	0.001
	0.050
	
	0.058
	0.002
	0.389
	0.555

	3.7*    
	1.50 L/s
	0.002
	0.051
	
	0.058
	0.002
	0.391
	0.556

	3.7*    
	1.52 L/s
	0.002
	0.051
	
	0.059
	0.002
	0.394
	0.558

	3.7*    
	1.60 L/s
	0.002
	0.052
	
	0.061
	0.002
	0.402
	0.561

	3.7*    
	2.0 L/s
	0.002
	0.060
	
	0.070
	0.002
	0.436
	0.566

	
	
	
	
	
	
	
	
	

	3.6*    
	1.45 L/s
	0.001
	0.049
	
	0.057
	0.002
	0.387
	0.557

	3.6*    
	1.48 L/s
	0.001
	0.050
	
	0.058
	0.002
	0.391
	0.559

	3.6*    
	1.50 L/s
	0.002
	0.050
	
	0.058
	0.002
	0.393
	0.560

	3.6*    
	1.52 L/s
	0.002
	0.051
	
	0.059
	0.002
	0.396
	0.562

	3.6*    
	1.60 L/s
	0.002
	0.052
	
	0.061
	0.002
	0.404
	0.565

	3.6*    
	2.0 L/s
	0.002
	0.060
	
	0.070
	0.002
	0.438
	0.570

	
	
	
	
	
	
	
	
	

	3.5*    
	1.45 L/s
	0.001
	0.049
	
	0.057
	0.002
	0.389
	0.561

	3.5*    
	1.48 L/s
	0.001
	0.050
	
	0.057
	0.002
	0.393
	0.563

	3.5*    
	1.50 L/s
	0.002
	0.050
	
	0.058
	0.002
	0.395
	0.564

	3.5*    
	1.52 L/s
	0.002
	0.050
	
	0.058
	0.002
	0.398
	0.566

	3.5*    
	1.60 L/s
	0.002
	0.052
	
	0.060
	0.002
	0.406
	0.569

	3.5*    
	2.0 L/s
	0.002
	0.060
	
	0.070
	0.002
	0.440
	0.574

	
	
	
	
	
	
	
	
	

	3.4*    
	1.45 L/s
	0.001
	0.049
	
	0.057
	0.002
	0.391
	0.565

	3.4*    
	1.48 L/s
	0.001
	0.049
	
	0.057
	0.002
	0.395
	0.568

	3.4*    
	1.50 L/s
	0.002
	0.050
	
	0.058
	0.002
	0.397
	0.568

	3.4*    
	1.52 L/s
	0.002
	0.050
	
	0.058
	0.002
	0.400
	0.571

	3.4*    
	1.60 L/s
	0.002
	0.052
	
	0.060
	0.002
	0.408
	0.574

	3.4*    
	2.0 L/s
	0.002
	0.060
	
	0.070
	0.002
	0.442
	0.578

	
	
	
	
	
	
	
	
	

	3.3*    
	1.45 L/s
	0.001
	0.049
	
	0.057
	0.002
	0.393
	0.570

	3.3*    
	1.48 L/s
	0.001
	0.049
	
	0.057
	0.002
	0.397
	0.572

	3.3*    
	1.50 L/s
	0.002
	0.050
	
	0.058
	0.002
	0.399
	0.573

	3.3*    
	1.52 L/s
	0.002
	0.050
	
	0.058
	0.002
	0.402
	0.575

	3.3*    
	1.60 L/s
	0.002
	0.051
	
	0.060
	0.002
	0.411
	0.578

	3.3*    
	2.0 L/s
	0.002
	0.059
	
	0.069
	0.002
	0.444
	0.583

	
	
	
	
	
	
	
	
	

	3.2*    
	1.45 L/s
	0.001
	0.048
	
	0.056
	0.002
	0.395
	0.574

	3.2*    
	1.48 L/s
	0.001
	0.049
	
	0.057
	0.002
	0.399
	0.577

	3.2*    
	1.50 L/s
	0.002
	0.049
	
	0.057
	0.002
	0.401
	0.578

	3.2*    
	1.52 L/s
	0.002
	0.050
	
	0.058
	0.002
	0.404
	0.580

	3.2*    
	1.60 L/s
	0.002
	0.051
	
	0.060
	0.002
	0.413
	0.583

	3.2*    
	2.0 L/s
	0.002
	0.059
	
	0.069
	0.002
	0.447
	0.587

	
	
	
	
	
	
	
	
	

	3.1*    
	1.45 L/s
	0.001
	0.048
	
	0.056
	0.002
	0.398
	0.579

	3.1*    
	1.48 L/s
	0.001
	0.049
	
	0.057
	0.002
	0.401
	0.582

	3.1*    
	1.50 L/s
	0.002
	0.049
	
	0.057
	0.002
	0.404
	0.582

	3.1*    
	1.52 L/s
	0.002
	0.049
	
	0.058
	0.002
	0.407
	0.585

	3.1*    
	1.60 L/s
	0.002
	0.051
	
	0.060
	0.002
	0.415
	0.588

	3.1*    
	2.0 L/s
	0.002
	0.059
	
	0.069
	0.002
	0.449
	0.592

	
	
	
	
	
	
	
	
	

	3.*     
	1.45 L/s
	0.001
	0.048
	
	0.056
	0.002
	0.400
	0.584

	3.*     
	1.48 L/s
	0.001
	0.048
	
	0.057
	0.002
	0.404
	0.587

	3.*     
	1.50 L/s
	0.002
	0.049
	
	0.057
	0.002
	0.406
	0.587

	3.*     
	1.52 L/s
	0.002
	0.049
	
	0.058
	0.002
	0.409
	0.590

	3.*     
	1.60 L/s
	0.002
	0.051
	
	0.059
	0.002
	0.417
	0.593

	3.*     
	2.0 L/s
	0.002
	0.058
	
	0.069
	0.002
	0.451
	0.596

	
	
	
	
	
	
	
	
	

	2.9*    
	1.45 L/s
	0.001
	0.048
	
	0.056
	0.002
	0.402
	0.589

	2.9*    
	1.48 L/s
	0.001
	0.048
	
	0.056
	0.002
	0.406
	0.592

	2.9*    
	1.50 L/s
	0.002
	0.048
	
	0.057
	0.002
	0.408
	0.592

	2.9*    
	1.52 L/s
	0.002
	0.049
	
	0.057
	0.002
	0.411
	0.595

	2.9*    
	1.60 L/s
	0.002
	0.050
	
	0.059
	0.002
	0.420
	0.598

	2.9*    
	2.0 L/s
	0.002
	0.058
	
	0.069
	0.002
	0.454
	0.601

	
	
	
	
	
	
	
	
	

	2.8*    
	1.45 L/s
	0.001
	0.047
	
	0.056
	0.002
	0.405
	0.594

	2.8*    
	1.48 L/s
	0.001
	0.048
	
	0.056
	0.002
	0.409
	0.597

	2.8*    
	1.50 L/s
	0.002
	0.048
	
	0.057
	0.002
	0.411
	0.598

	2.8*    
	1.52 L/s
	0.002
	0.048
	
	0.057
	0.002
	0.414
	0.601

	2.8*    
	1.60 L/s
	0.002
	0.050
	
	0.059
	0.002
	0.422
	0.603

	2.8*    
	2.0 L/s
	0.002
	0.058
	
	0.068
	0.002
	0.456
	0.606

	
	
	
	
	
	
	
	
	

	2.7*    
	1.45 L/s
	0.001
	0.047
	
	0.055
	0.002
	0.407
	0.600

	2.7*    
	1.48 L/s
	0.001
	0.047
	
	0.056
	0.002
	0.411
	0.603

	2.7*    
	1.50 L/s
	0.002
	0.048
	
	0.057
	0.002
	0.413
	0.603

	2.7*    
	1.52 L/s
	0.002
	0.048
	
	0.057
	0.002
	0.416
	0.606

	2.7*    
	1.60 L/s
	0.002
	0.050
	
	0.059
	0.002
	0.425
	0.609

	2.7*    
	2.0 L/s
	0.002
	0.057
	
	0.068
	0.002
	0.459
	0.612

	
	
	
	
	
	
	
	
	

	2.6*    
	1.45 L/s
	0.001
	0.047
	
	0.055
	0.002
	0.410
	0.605

	2.6*    
	1.48 L/s
	0.001
	0.047
	
	0.056
	0.002
	0.414
	0.608

	2.6*    
	1.50 L/s
	0.002
	0.048
	
	0.056
	0.002
	0.416
	0.609

	2.6*    
	1.52 L/s
	0.002
	0.048
	
	0.057
	0.002
	0.419
	0.612

	2.6*    
	1.60 L/s
	0.002
	0.049
	
	0.059
	0.002
	0.428
	0.615

	2.6*    
	2.0 L/s
	0.002
	0.057
	
	0.068
	0.002
	0.462
	0.617

	
	
	
	
	
	
	
	
	

	2.5*    
	1.45 L/s
	0.001
	0.046
	
	0.055
	0.002
	0.412
	0.611

	2.5*    
	1.48 L/s
	0.001
	0.047
	
	0.056
	0.002
	0.416
	0.614

	2.5*    
	1.50 L/s
	0.002
	0.047
	
	0.056
	0.002
	0.419
	0.615

	2.5*    
	1.52 L/s
	0.002
	0.048
	
	0.057
	0.002
	0.422
	0.618

	2.5*    
	1.60 L/s
	0.002
	0.049
	
	0.058
	0.002
	0.430
	0.621

	2.5*    
	2.0 L/s
	0.002
	0.057
	
	0.068
	0.002
	0.465
	0.623

	
	
	
	
	
	
	
	
	

	2.40*    
	1.45 L/s
	0.001
	0.046
	
	0.055
	0.002
	0.415
	0.617

	2.40*    
	1.48 L/s
	0.001
	0.047
	
	0.055
	0.002
	0.419
	0.621

	2.40*    
	1.50 L/s
	0.002
	0.047
	
	0.056
	0.002
	0.421
	0.621

	2.40*    
	1.52 L/s
	0.002
	0.047
	
	0.056
	0.002
	0.425
	0.624

	2.40*    
	1.60 L/s
	0.002
	0.049
	
	0.058
	0.002
	0.433
	0.627

	2.40*    
	2.0 L/s
	0.002
	0.056
	
	0.068
	0.003
	0.467
	0.628

	
	
	
	
	
	
	
	
	

	2.30*    
	1.45 L/s
	0.001
	0.046
	
	0.055
	0.002
	0.418
	0.624

	2.30*    
	1.48 L/s
	0.001
	0.046
	
	0.055
	0.002
	0.422
	0.627

	2.30*    
	1.50 L/s
	0.002
	0.047
	
	0.056
	0.002
	0.424
	0.628

	2.30*    
	1.52 L/s
	0.002
	0.047
	
	0.056
	0.002
	0.428
	0.631

	2.30*    
	1.60 L/s
	0.002
	0.048
	
	0.058
	0.002
	0.436
	0.634

	2.30*    
	2.0 L/s
	0.002
	0.056
	
	0.067
	0.003
	0.470
	0.634

	
	
	
	
	
	
	
	
	

	2.20*
	1.45 L/s
	0.001
	0.045
	
	0.054
	0.002
	0.421
	0.630

	2.20*
	1.48 L/s
	0.001
	0.046
	
	0.055
	0.002
	0.425
	0.634

	2.20*
	1.50 L/s
	0.002
	0.046
	
	0.056
	0.002
	0.427
	0.634

	2.20*
	1.52 L/s
	0.002
	0.047
	
	0.056
	0.002
	0.431
	0.638

	2.20*
	1.60 L/s
	0.002
	0.048
	
	0.058
	0.002
	0.439
	0.641

	2.20*
	2.0 L/s
	0.002
	0.056
	
	0.067
	0.003
	0.473
	0.641

	
	
	
	
	
	
	
	
	

	2.10*
	1.45 L/s
	0.001
	0.045
	
	0.054
	0.002
	0.424
	0.637

	2.10*
	1.48 L/s
	0.001
	0.046
	
	0.055
	0.002
	0.428
	0.641

	2.10*
	1.50 L/s
	0.002
	0.046
	
	0.055
	0.002
	0.431
	0.641

	2.10*
	1.52 L/s
	0.002
	0.046
	
	0.056
	0.002
	0.434
	0.645

	2.10*
	1.60 L/s
	0.002
	0.048
	
	0.058
	0.002
	0.443
	0.648

	2.10*
	2.0 L/s
	0.002
	0.055
	
	0.067
	0.003
	0.477
	0.647

	
	
	
	
	
	
	
	
	

	2.0*
	1.45 L/s
	0.001
	0.045
	
	0.054
	0.002
	0.427
	0.645

	2.0*
	1.48 L/s
	0.001
	0.045
	
	0.055
	0.002
	0.432
	0.648

	2.0*
	1.50 L/s
	0.002
	0.046
	
	0.055
	0.002
	0.434
	0.649

	2.0*
	1.52 L/s
	0.002
	0.046
	
	0.056
	0.002
	0.437
	0.652

	2.0*
	1.60 L/s
	0.002
	0.047
	
	0.057
	0.003
	0.446
	0.655

	2.0*
	2.0 L/s
	0.002
	0.055
	
	0.067
	0.003
	0.480
	0.654

	
	
	
	
	
	
	
	
	

	1.90000*
	1.45 L/s
	0.001
	0.044
	
	0.054
	0.002
	0.431
	0.652

	1.90000*
	1.48 L/s
	0.001
	0.045
	
	0.054
	0.002
	0.435
	0.656

	1.90000*
	1.50 L/s
	0.002
	0.045
	
	0.055
	0.002
	0.437
	0.657

	1.90000*
	1.52 L/s
	0.002
	0.045
	
	0.055
	0.003
	0.441
	0.660

	1.90000*
	1.60 L/s
	0.002
	0.047
	
	0.057
	0.003
	0.450
	0.663

	1.90000*
	2.0 L/s
	0.002
	0.055
	
	0.066
	0.003
	0.484
	0.661

	
	
	
	
	
	
	
	
	

	1.80000*
	1.45 L/s
	0.001
	0.044
	
	0.054
	0.002
	0.434
	0.660

	1.80000*
	1.48 L/s
	0.001
	0.044
	
	0.054
	0.003
	0.439
	0.664

	1.80000*
	1.50 L/s
	0.002
	0.045
	
	0.055
	0.003
	0.441
	0.665

	1.80000*
	1.52 L/s
	0.002
	0.045
	
	0.055
	0.003
	0.445
	0.668

	1.80000*
	1.60 L/s
	0.002
	0.047
	
	0.057
	0.003
	0.453
	0.671

	1.80000*
	2.0 L/s
	0.002
	0.054
	
	0.066
	0.003
	0.487
	0.669

	
	
	
	
	
	
	
	
	

	1.70000*
	1.45 L/s
	0.001
	0.044
	
	0.053
	0.003
	0.438
	0.669

	1.70000*
	1.48 L/s
	0.001
	0.044
	
	0.054
	0.003
	0.442
	0.673

	1.70000*
	1.50 L/s
	0.002
	0.044
	
	0.055
	0.003
	0.445
	0.673

	1.70000*
	1.52 L/s
	0.002
	0.045
	
	0.055
	0.003
	0.448
	0.677

	1.70000*
	1.60 L/s
	0.002
	0.046
	
	0.057
	0.003
	0.457
	0.680

	1.70000*
	2.0 L/s
	0.002
	0.054
	
	0.066
	0.003
	0.491
	0.677

	
	
	
	
	
	
	
	
	

	1.60000*
	1.45 L/s
	0.001
	0.043
	
	0.053
	0.003
	0.442
	0.678

	1.60000*
	1.48 L/s
	0.001
	0.044
	
	0.054
	0.003
	0.446
	0.682

	1.60000*
	1.50 L/s
	0.002
	0.044
	
	0.054
	0.003
	0.449
	0.682

	1.60000*
	1.52 L/s
	0.002
	0.044
	
	0.055
	0.003
	0.452
	0.686

	1.60000*
	1.60 L/s
	0.002
	0.046
	
	0.057
	0.003
	0.461
	0.689

	1.60000*
	2.0 L/s
	0.002
	0.053
	
	0.066
	0.003
	0.495
	0.685

	
	
	
	
	
	
	
	
	

	1.50000*
	1.45 L/s
	0.001
	0.043
	
	0.053
	0.003
	0.446
	0.687

	1.50000*
	1.48 L/s
	0.001
	0.043
	
	0.054
	0.003
	0.450
	0.691

	1.50000*
	1.50 L/s
	0.002
	0.044
	
	0.054
	0.003
	0.453
	0.692

	1.50000*
	1.52 L/s
	0.002
	0.044
	
	0.055
	0.003
	0.457
	0.696

	1.50000*
	1.60 L/s
	0.002
	0.045
	
	0.056
	0.003
	0.466
	0.699

	1.50000*
	2.0 L/s
	0.002
	0.053
	
	0.066
	0.003
	0.499
	0.693

	
	
	
	
	
	
	
	
	

	1.40000*
	1.45 L/s
	0.001
	0.043
	
	0.053
	0.003
	0.450
	0.697

	1.40000*
	1.48 L/s
	0.001
	0.043
	
	0.053
	0.003
	0.455
	0.702

	1.40000*
	1.50 L/s
	0.002
	0.043
	
	0.054
	0.003
	0.457
	0.702

	1.40000*
	1.52 L/s
	0.002
	0.043
	
	0.054
	0.003
	0.461
	0.706

	1.40000*
	1.60 L/s
	0.002
	0.045
	
	0.056
	0.003
	0.470
	0.709

	1.40000*
	2.0 L/s
	0.002
	0.052
	
	0.065
	0.003
	0.503
	0.702

	
	
	
	
	
	
	
	
	

	1.30000*
	1.45 L/s
	0.001
	0.042
	
	0.053
	0.003
	0.455
	0.708

	1.30000*
	1.48 L/s
	0.001
	0.042
	
	0.053
	0.003
	0.460
	0.712

	1.30000*
	1.50 L/s
	0.002
	0.043
	
	0.054
	0.003
	0.462
	0.713

	1.30000*
	1.52 L/s
	0.002
	0.043
	
	0.054
	0.003
	0.466
	0.717

	1.30000*
	1.60 L/s
	0.002
	0.044
	
	0.056
	0.003
	0.475
	0.720

	1.30000*
	2.0 L/s
	0.002
	0.052
	
	0.065
	0.003
	0.508
	0.712

	
	
	
	
	
	
	
	
	

	1.20000*
	1.45 L/s
	0.001
	0.042
	
	0.052
	0.003
	0.459
	0.719

	1.20000*
	1.48 L/s
	0.001
	0.042
	
	0.053
	0.003
	0.465
	0.724

	1.20000*
	1.50 L/s
	0.002
	0.042
	
	0.053
	0.003
	0.467
	0.724

	1.20000*
	1.52 L/s
	0.002
	0.043
	
	0.054
	0.003
	0.471
	0.729

	1.20000*
	1.60 L/s
	0.002
	0.044
	
	0.056
	0.003
	0.480
	0.732

	1.20000*
	2.0 L/s
	0.002
	0.051
	
	0.065
	0.003
	0.513
	0.722

	
	
	
	
	
	
	
	
	

	1.10000*
	1.45 L/s
	0.001
	0.041
	
	0.052
	0.003
	0.465
	0.731

	1.10000*
	1.48 L/s
	0.001
	0.042
	
	0.053
	0.003
	0.470
	0.736

	1.10000*
	1.50 L/s
	0.002
	0.042
	
	0.053
	0.003
	0.472
	0.737

	1.10000*
	1.52 L/s
	0.002
	0.042
	
	0.054
	0.003
	0.477
	0.742

	1.10000*
	1.60 L/s
	0.002
	0.043
	
	0.055
	0.003
	0.486
	0.744

	1.10000*
	2.0 L/s
	0.002
	0.051
	
	0.065
	0.003
	0.518
	0.733

	
	
	
	
	
	
	
	
	

	1.00000*
	1.45 L/s
	0.001
	0.041
	
	0.052
	0.003
	0.470
	0.744

	1.00000*
	1.48 L/s
	0.001
	0.041
	
	0.053
	0.003
	0.475
	0.750

	1.00000*
	1.50 L/s
	0.002
	0.041
	
	0.053
	0.003
	0.478
	0.750

	1.00000*
	1.52 L/s
	0.002
	0.042
	
	0.053
	0.003
	0.482
	0.756

	1.00000*
	1.60 L/s
	0.002
	0.043
	
	0.055
	0.003
	0.492
	0.758

	1.00000*
	2.0 L/s
	0.002
	0.050
	
	0.064
	0.003
	0.523
	0.745

	
	
	
	
	
	
	
	
	

	.900001*
	1.45 L/s
	0.001
	0.040
	
	0.052
	0.003
	0.476
	0.759

	.900001*
	1.48 L/s
	0.001
	0.040
	
	0.052
	0.003
	0.482
	0.764

	.900001*
	1.50 L/s
	0.002
	0.041
	
	0.053
	0.003
	0.484
	0.764

	.900001*
	1.52 L/s
	0.002
	0.041
	
	0.053
	0.003
	0.489
	0.770

	.900001*
	1.60 L/s
	0.002
	0.042
	
	0.055
	0.003
	0.498
	0.772

	.900001*
	2.0 L/s
	0.002
	0.050
	
	0.064
	0.003
	0.529
	0.757

	
	
	
	
	
	
	
	
	

	.800001*
	1.45 L/s
	0.001
	0.040
	
	0.052
	0.003
	0.482
	0.774

	.800001*
	1.48 L/s
	0.001
	0.040
	
	0.052
	0.003
	0.488
	0.780

	.800001*
	1.50 L/s
	0.002
	0.040
	
	0.053
	0.003
	0.491
	0.780

	.800001*
	1.52 L/s
	0.002
	0.040
	
	0.053
	0.003
	0.495
	0.786

	.800001*
	1.60 L/s
	0.002
	0.042
	
	0.055
	0.003
	0.505
	0.788

	.800001*
	2.0 L/s
	0.002
	0.049
	
	0.064
	0.004
	0.535
	0.770

	
	
	
	
	
	
	
	
	

	.700001*
	1.45 L/s
	0.001
	0.039
	
	0.051
	0.003
	0.489
	0.791

	.700001*
	1.48 L/s
	0.001
	0.039
	
	0.052
	0.003
	0.495
	0.797

	.700001*
	1.50 L/s
	0.002
	0.040
	
	0.052
	0.003
	0.498
	0.797

	.700001*
	1.52 L/s
	0.002
	0.040
	
	0.053
	0.004
	0.503
	0.804

	.700001*
	1.60 L/s
	0.002
	0.041
	
	0.055
	0.004
	0.512
	0.806

	.700001*
	2.0 L/s
	0.002
	0.049
	
	0.064
	0.004
	0.542
	0.784

	
	
	
	
	
	
	
	
	

	.600001*
	1.45 L/s
	0.001
	0.038
	
	0.051
	0.004
	0.497
	0.809

	.600001*
	1.48 L/s
	0.001
	0.039
	
	0.052
	0.004
	0.503
	0.817

	.600001*
	1.50 L/s
	0.002
	0.039
	
	0.052
	0.004
	0.506
	0.816

	.600001*
	1.52 L/s
	0.002
	0.039
	
	0.053
	0.004
	0.511
	0.824

	.600001*
	1.60 L/s
	0.002
	0.041
	
	0.054
	0.004
	0.520
	0.825

	.600001*
	2.0 L/s
	0.002
	0.048
	
	0.063
	0.004
	0.549
	0.800

	
	
	
	
	
	
	
	
	

	.500001*
	1.45 L/s
	0.001
	0.038
	
	0.051
	0.004
	0.506
	0.830

	.500001*
	1.48 L/s
	0.001
	0.038
	
	0.051
	0.004
	0.512
	0.838

	.500001*
	1.50 L/s
	0.002
	0.038
	
	0.052
	0.004
	0.514
	0.837

	.500001*
	1.52 L/s
	0.002
	0.039
	
	0.052
	0.004
	0.520
	0.846

	.500001*
	1.60 L/s
	0.002
	0.040
	
	0.054
	0.004
	0.529
	0.847

	.500001*
	2.0 L/s
	0.002
	0.047
	
	0.063
	0.004
	0.557
	0.817

	
	
	
	
	
	
	
	
	

	.400002*
	1.45 L/s
	0.001
	0.037
	
	0.051
	0.004
	0.515
	0.853

	.400002*
	1.48 L/s
	0.001
	0.037
	
	0.051
	0.004
	0.522
	0.862

	.400002*
	1.50 L/s
	0.002
	0.038
	
	0.052
	0.004
	0.524
	0.861

	.400002*
	1.52 L/s
	0.002
	0.038
	
	0.052
	0.004
	0.530
	0.871

	.400002*
	1.60 L/s
	0.002
	0.039
	
	0.054
	0.004
	0.539
	0.871

	.400002*
	2.0 L/s
	0.002
	0.047
	
	0.063
	0.004
	0.565
	0.835

	
	
	
	
	
	
	
	
	

	.300002*
	1.45 L/s
	0.001
	0.036
	
	0.050
	0.004
	0.526
	0.880

	.300002*
	1.48 L/s
	0.001
	0.037
	
	0.051
	0.004
	0.533
	0.890

	.300002*
	1.50 L/s
	0.002
	0.037
	
	0.052
	0.004
	0.535
	0.888

	.300002*
	1.52 L/s
	0.002
	0.037
	
	0.052
	0.004
	0.542
	0.899

	.300002*
	1.60 L/s
	0.002
	0.038
	
	0.054
	0.004
	0.551
	0.899

	.300002*
	2.0 L/s
	0.002
	0.046
	
	0.063
	0.004
	0.574
	0.856

	
	
	
	
	
	
	
	
	

	.200002*
	1.45 L/s
	0.001
	0.036
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