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Introduction
This document compares the calculation results from Bentley’s CivilStorm software product against a third-party baseline for the purpose of verifying the calculation results.
This document was prepared using output from CivilStorm V8i (SELECTSeries 2).
The CivilStorm results were compared with results from version 5.0.018 of EPA SWMM from the U.S. Environmental Protection Agency. This is the version of the EPA SWMM solver used by CivilStorm V8i SELECTseries 2. EPA SWMM is a widely used software product for analyzing stormwater systems, and is available from the US EPA website.  
(Note:  It is not possible to compare CivilStorm results against a hand calculation due to the complex nature of the hydraulic analysis that CivilStorm performs.)

Verification
Test Case 1 – Example1-Post.inp
The first test case used for verification is the “Example1-Post.inp” file that was provided by one of Bentley’s users.

This file consists of 7 catchments and 1 outfall node, as shown in the figure below:
[image: ]
Since flows in the network accumulate as they move downstream, a good way to compare results between EPA SWMM and CivilStorm is to check the flows at the network outfall.

To do this the file was opened in EPA SWMM 5, and also in CivilStorm (via the File > Import SWMM v5 menu item) – and then computed in both products.  The flow at the Outfall (node O1) is plotted in the figure below:

Flow at Node O1
             Flow (ftᶾ/s)
Time (hours)

		

  As seen, the results produced by EPA SWMM and CivilStorm are identical.


Test Case 2 – Example3.inp
The second test case used for verification is the “Example3.inp” file that was provided by one of Bentley’s users.
This file consists of 7 catchments, 16 conduits, 12 junction nodes (manholes), one outfall and one storage node (wet well), as shown in the figure below. The storage node outflow structure consists of one weir and three orifices.
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Once again the file was opened and computed in both CivilStorm and EPA SWMM 5, and results at outfall O2 are plotted below:
Flow at Node O2
            Time (hours)
SWMM 5

CivilStorm
 Flow (ftᶾ/s)


As seen above, the results produced by EPA SWMM 5 and CivilStorm are identical. 
Conclusion
As demonstrated above, the results produced by the CivilStorm calculations match those produced by EPA SWMM – the third-party product used to create baseline results for comparison.  These comparisons are used to demonstrate the validity of the CivilStorm results.

Appendix 1 – Data
CivilStorm Validation
Example1-Post.inp
Node O1
Note: the below table displays the results at each hour. The model was calculated at a hydraulic timestep of one minute.
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Time (hours)		CivilStorm		Days	Hours		EPA SWMM

1.00			5.24			0	01:00:00	5.24
2.00			2.19			0	02:00:00	2.19
3.00			0.02			0	03:00:00	0.02
4.00			0.01			0	04:00:00	0.01
5.00			0.00			0	05:00:00	0.00
6.00			0.00			0	06:00:00	0.00
7.00			0.00			0	07:00:00	0.00
8.00			0.00			0	08:00:00	0.00
9.00			0.00			0	09:00:00	0.00
10.00			0.00			0	10:00:00	0.00
11.00			0.00			0	11:00:00	0.00
12.00			0.00			0	12:00:00	0.00




CivilStorm Validation
Example3.inp
Node O2
Note: the below table displays the results at every 2 hours. The model was calculated at a hydraulic timestep of 0.25 minutes.

CivilStorm V8i SS2					  EPA SWMM 5.0.18			
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Time (hours)		CivilStorm			Days	Hours		EPA SWMM
2.00			7.26		
4.00			4.23
6.00			0.61
8.00			0.44
10.00			0.40
12.00			0.37
14.00			0.34
16.00			0.31
18.00			0.27
20.00			0.24
22.00			0.20
24.00			0.17
26.00			0.13
28.00			0.09
30.00			0.07
32.00			0.05
34.00			0.04
36.00			0.03
38.00			0.03
40.00			0.02
42.00			0.02
44.00			0.02
46.00			0.01
48.00			0.01
50.00			0.01
52.00			0.01
54.00			0.01
56.00			0.01
58.00			0.01
60.00			0.00
62.00			0.00
64.00			0.00
66.00			0.00
68.00			0.00
70.00			0.00
72.00			0.00


0         	02:00:00  	7.26            
0         	04:00:00  	4.22            
0         	06:00:00  	0.61            
0         	08:00:00  	0.44            
0         	10:00:00  	0.40            
0         	12:00:00  	0.37            
0         	14:00:00  	0.34            
0         	16:00:00  	0.31            
0         	18:00:00  	0.27            
0         	20:00:00  	0.24            
0         	22:00:00  	0.20            
1         	00:00:00  	0.17            
1         	02:00:00  	0.13            
1         	04:00:00  	0.09            
1         	06:00:00  	0.07            
1         	08:00:00  	0.05            
1         	10:00:00  	0.04            
1         	12:00:00  	0.03            
1         	14:00:00  	0.03            
1         	16:00:00  	0.02            
1         	18:00:00  	0.02            
1         	20:00:00  	0.02            
1         	22:00:00  	0.01            
2         	00:00:00  	0.01            
2         	02:00:00  	0.01            
2         	04:00:00  	0.01            
2         	06:00:00  	0.01            
2         	08:00:00  	0.01            
2         	10:00:00  	0.01            
2         	12:00:00  	0.00            
2         	14:00:00  	0.00            
2         	16:00:00  	0.00            
2         	18:00:00  	0.00            
2         	20:00:00  	0.00            
2         	22:00:00  	0.00            
3         	00:00:00  	0.00            
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