














































































































































































































Sheet flow (Applicable to Tc only) Segment ID 1 2

1 Surface description Grass

2 Manning's roughness coeff.n 0.24 0.013

3 Flow length, L (total L less than 100 ft) ft 100 0

4 Two-yr 24-hr rainfall, P2 in 3.5 3.5

5 Land slope, s ft/ft 0.080 0.100

6 Tt=(0.007*(n*L)
0.8

)/(P2
0.5

*s
0.4

) hr 0.13 0.00 0.13

Shallow concentrated flow

7 Surface description Unpaved Impervious

8 Flow length, L ft 227 0

9 Watercourse slope, s ft/ft 0.167 0.100

10a Average velocity, Vunpaved=16.1345(s)
0.5

ft/s 6.6 6.4

10b Average velocity, Vpaved=20.3282(s)
0.5

ft/s

11a Tt=L/3600*Vunpaved hr 0.01 0.00

11b Tt=L/3600*Vpaved hr 0.01

Channel Flow Surface Description Open Impervious

12 Cross sectional flow area, a ft
2

13 Wetted perimeter, Pw ft

14 Hydraulic radius, r=a/Pw ft 1.50 1.50

15 Channel slope, s ft/ft 0.022 0.100

16 Manning's roughness coeff., n 0.035 0.011

17 V=(1.49*r
2/3

*s
1/2

)/n ft/s 8.27 56.13

18 Flow length, L ft

19 Tt=L/3600*V hr 0.00 0.00 0.00

20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) Totals: 0.14 hr

8 min

Attachment B

Time of Concentration (Tc) Calculations - TR-55 Method

Village of Irvington

Drainage Area - 1

VILLAGE OF IRVINGTON

Pre - 2003 Development



Sheet flow (Applicable to Tc only) Segment ID 1 2

1 Surface description Pavement Impervious

2 Manning's roughness coeff.n 0.013 0.013

3 Flow length, L (total L less than 100 ft) ft 100 0

4 Two-yr 24-hr rainfall, P2 in 3.5 3.5

5 Land slope, s ft/ft 0.050 0.100

6 Tt=(0.007*(n*L)
0.8

)/(P2
0.5

*s
0.4

) hr 0.02 0.00 0.02

Shallow concentrated flow

7 Surface description Pavement Impervious

8 Flow length, L ft 465 0

9 Watercourse slope, s ft/ft 0.101 0.100

10a Average velocity, Vunpaved=16.1345(s)
0.5

ft/s 6.5 6.4

10b Average velocity, Vpaved=20.3282(s)
0.5

ft/s

11a Tt=L/3600*Vunpaved hr 0.02 0.00

11b Tt=L/3600*Vpaved hr 0.02

Channel Flow Surface Description Open Impervious

12 Cross sectional flow area, a ft
2

13 Wetted perimeter, Pw ft

14 Hydraulic radius, r=a/Pw ft 1.50 1.50

15 Channel slope, s ft/ft 0.022 0.100

16 Manning's roughness coeff., n 0.035 0.011

17 V=(1.49*r
2/3

*s
1/2

)/n ft/s 8.27 56.13

18 Flow length, L ft

19 Tt=L/3600*V hr 0.00 0.00 0.00

20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) Totals: 0.04 hr

2 min

Note: Due to limited data on the stormwater collection system drainage before 2003 improvements, flow was assumed

to be shallow concentrated.  The minimum Tc is 0.1 hr according to TR-55.  A value of 0.1 hr will be used for model calculations.

VILLAGE OF IRVINGTON
Attachment B

Time of Concentration (Tc) Calculations - TR-55 Method

Village of Irvington

Pre - 2003 Development

Drainage Area - 2



Sheet flow (Applicable to Tc only) Segment ID 1 2

1 Surface description Grass Impervious

2 Manning's roughness coeff.n 0.24 0.013

3 Flow length, L (total L less than 100 ft) ft 100 0

4 Two-yr 24-hr rainfall, P2 in 3.5 3.5

5 Land slope, s ft/ft 0.030 0.100

6 Tt=(0.007*(n*L)
0.8

)/(P2
0.5

*s
0.4

) hr 0.19 0.00 0.19

Shallow concentrated flow

7 Surface description Unpaved Impervious

8 Flow length, L ft 545 0

9 Watercourse slope, s ft/ft 0.028 0.100

10a Average velocity, Vunpaved=16.1345(s)
0.5

ft/s 2.7 6.4

10b Average velocity, Vpaved=20.3282(s)
0.5

ft/s

11a Tt=L/3600*Vunpaved hr 0.06 0.00

11b Tt=L/3600*Vpaved hr 0.06

Channel Flow Surface Description Open Impervious

12 Cross sectional flow area, a ft
2

13 Wetted perimeter, Pw ft

14 Hydraulic radius, r=a/Pw ft 1.50 1.50

15 Channel slope, s ft/ft 0.022 0.100

16 Manning's roughness coeff., n 0.035 0.011

17 V=(1.49*r
2/3

*s
1/2

)/n ft/s 8.27 56.13

18 Flow length, L ft

19 Tt=L/3600*V hr 0.00 0.00 0.00

20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) Totals: 0.25 hr

15 min

Note: Outlet for Drainage Area 3 is located at the catchbasin shown on sheet SP 1.3 of the Subdivision and Site Development for

Westwood by Cronin Engineering Feb 9, 2002.  Travel time for channel flow from the catch basin is assumed negligible, compared to

sheet and shallow concentrated flow time.  Sheet flow for this drainage area will be greater than an order of magnitude larger than 

channel flow with a flow length of approximately 200 ft.

VILLAGE OF IRVINGTON
Attachment B

Time of Concentration (Tc) Calculations - TR-55 Method

Village of Irvington

Pre - 2003 Development

Drainage Area - 3



Sheet flow (Applicable to Tc only) Segment ID 1 2

1 Surface description Wooded Impervious

2 Manning's roughness coeff.n 0.50 0.013

3 Flow length, L (total L less than 100 ft) ft 100 0

4 Two-yr 24-hr rainfall, P2 in 3.5 3.5

5 Land slope, s ft/ft 0.050 0.100

6 Tt=(0.007*(n*L)
0.8

)/(P2
0.5

*s
0.4

) hr 0.28 0.00 0.28

Shallow concentrated flow

7 Surface description Unpaved Impervious

8 Flow length, L ft 276 0

9 Watercourse slope, s ft/ft 0.145 0.100

10a Average velocity, Vunpaved=16.1345(s)
0.5

ft/s 6.1 6.4

10b Average velocity, Vpaved=20.3282(s)
0.5

ft/s

11a Tt=L/3600*Vunpaved hr 0.01 0.00

11b Tt=L/3600*Vpaved hr 0.01

Channel Flow Surface Description Natural

12 Cross sectional flow area, a ft
2

1.49

13 Wetted perimeter, Pw ft 4.23

14 Hydraulic radius, r=a/Pw ft 0.35 1.50

15 Channel slope, s ft/ft 0.109 0.100

16 Manning's roughness coeff., n 0.035 0.011

17 V=(1.49*r
2/3

*s
1/2

)/n ft/s 7.00 56.13

18 Flow length, L ft 1,195

19 Tt=L/3600*V hr 0.05 0.00 0.05

20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) Totals: 0.34 hr

21 min

VILLAGE OF IRVINGTON
Attachment B

Time of Concentration (Tc) Calculations - TR-55 Method

Village of Irvington

Pre - 2003 Development

Drainage Area - 4

Note:   Hydraluic radius calculated assuming: average flow of 10.4 cfs from the rational method, 11% channel slope from GIS topography, 

channel geometry trapeziodal with 2:1 side slopes and a 2 foot bottom width based on swale detail on EC-7.3 of the Subdivision and Site 

Development for Westwood by Cronin Engineering Feb 9, 2002 and channel alignment based on Subdivision and Site Development for 

Westwood by Cronin Engineering Feb 9, 2002 and site visit conducted by Malcolm Pirnie on April 29, 2008



Sheet flow (Applicable to Tc only) Segment ID 1 2

1 Surface description Wooded Impervious

2 Manning's roughness coeff.n 0.50 0.013

3 Flow length, L (total L less than 100 ft) ft 100 0

4 Two-yr 24-hr rainfall, P2 in 3.5 3.5

5 Land slope, s ft/ft 0.050 0.100

6 Tt=(0.007*(n*L)
0.8

)/(P2
0.5

*s
0.4

) hr 0.28 0.00 0.28

Shallow concentrated flow

7 Surface description Unpaved Impervious

8 Flow length, L ft 480 0

9 Watercourse slope, s ft/ft 0.229 0.100

10a Average velocity, Vunpaved=16.1345(s)
0.5

ft/s 7.7 6.4

10b Average velocity, Vpaved=20.3282(s)
0.5

ft/s

11a Tt=L/3600*Vunpaved hr 0.02 0.00

11b Tt=L/3600*Vpaved hr 0.02

Channel Flow Surface Description CMP Impervious

12 Cross sectional flow area, a ft
2

1.79 1.39

13 Wetted perimeter, Pw ft 3.39 3.04

14 Hydraulic radius, r=a/Pw ft 0.53 0.46

15 Channel slope, s ft/ft 0.010 0.020

16 Manning's roughness coeff., n 0.024 0.024

17 V=(1.49*r
2/3

*s
1/2

)/n ft/s 4.06 5.21

18 Flow length, L ft 568 0

19 Tt=L/3600*V hr 0.04 0.00 0.04

20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) Totals: 0.34 hr

20 min

VILLAGE OF IRVINGTON
Attachment B

Time of Concentration (Tc) Calculations - TR-55 Method

Village of Irvington

Pre - 2003 Development

Drainage Area - 5

Note: Channel hydraulic radius was calculated assuming average flow of 7.3 cfs from the rational method, 1% pipe grade based available 

site information, a roughness coeffiecient of 0.024 for corrugated metal pipe and a diameter of 30 inches based on site observations 

conducted by Malcolm Pirnie on April 29, 2008.



Sheet flow (Applicable to Tc only) Segment ID 1 2

1 Surface description Grass Impervious

2 Manning's roughness coeff.n 0.24 0.013

3 Flow length, L (total L less than 100 ft) ft 100 0

4 Two-yr 24-hr rainfall, P2 in 3.5 3.5

5 Land slope, s ft/ft 0.010 0.100

6 Tt=(0.007*(n*L)
0.8

)/(P2
0.5

*s
0.4

) hr 0.30 0.00 0.30

Shallow concentrated flow

7 Surface description Unpaved Impervious

8 Flow length, L ft 243 0

9 Watercourse slope, s ft/ft 0.041 0.100

10a Average velocity, Vunpaved=16.1345(s)
0.5

ft/s 3.3 6.4

10b Average velocity, Vpaved=20.3282(s)
0.5

ft/s

11a Tt=L/3600*Vunpaved hr 0.02 0.00

11b Tt=L/3600*Vpaved hr 0.02

Channel Flow Surface Description Open Impervious

12 Cross sectional flow area, a ft
2

13 Wetted perimeter, Pw ft

14 Hydraulic radius, r=a/Pw ft 1.50 1.50

15 Channel slope, s ft/ft 0.022 0.100

16 Manning's roughness coeff., n 0.035 0.011

17 V=(1.49*r
2/3

*s
1/2

)/n ft/s 8.27 56.13

18 Flow length, L ft

19 Tt=L/3600*V hr 0.00 0.00 0.00

20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) Totals: 0.32 hr

19 min

VILLAGE OF IRVINGTON
Attachment B

Time of Concentration (Tc) Calculations - TR-55 Method

Village of Irvington

Pre - 2003 Development

Drainage Area - 6



Sheet flow (Applicable to Tc only) Segment ID 1 2

1 Surface description Wooded Impervious

2 Manning's roughness coeff.n 0.50 0.013

3 Flow length, L (total L less than 100 ft) ft 100 0

4 Two-yr 24-hr rainfall, P2 in 3.5 3.5

5 Land slope, s ft/ft 0.100 0.100

6 Tt=(0.007*(n*L)
0.8

)/(P2
0.5

*s
0.4

) hr 0.21 0.00 0.21

Shallow concentrated flow

7 Surface description Unpaved Impervious

8 Flow length, L ft 1342 0

9 Watercourse slope, s ft/ft 0.104 0.100

10a Average velocity, Vunpaved=16.1345(s)
0.5

ft/s 5.2 6.4

10b Average velocity, Vpaved=20.3282(s)
0.5

ft/s

11a Tt=L/3600*Vunpaved hr 0.07 0.00

11b Tt=L/3600*Vpaved hr 0.07

Channel Flow Surface Description Open Impervious

12 Cross sectional flow area, a ft
2

13 Wetted perimeter, Pw ft

14 Hydraulic radius, r=a/Pw ft 1.50 1.50

15 Channel slope, s ft/ft 0.022 0.100

16 Manning's roughness coeff., n 0.035 0.011

17 V=(1.49*r
2/3

*s
1/2

)/n ft/s 8.27 56.13

18 Flow length, L ft

19 Tt=L/3600*V hr 0.00 0.00 0.00

20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) Totals: 0.29 hr

17 min

VILLAGE OF IRVINGTON
Attachment B

Time of Concentration (Tc) Calculations - TR-55 Method

Village of Irvington

Pre - 2003 Development

Drainage Area - 7



Sheet flow (Applicable to Tc only) Segment ID 1 2

1 Surface description Wooded Impervious

2 Manning's roughness coeff.n 0.50 0.013

3 Flow length, L (total L less than 100 ft) ft 100 0

4 Two-yr 24-hr rainfall, P2 in 3.5 3.5

5 Land slope, s ft/ft 0.100 0.100

6 Tt=(0.007*(n*L)
0.8

)/(P2
0.5

*s
0.4

) hr 0.21 0.00 0.21

Shallow concentrated flow

7 Surface description Unpaved Impervious

8 Flow length, L ft 776 0

9 Watercourse slope, s ft/ft 0.112 0.100

10a Average velocity, Vunpaved=16.1345(s)
0.5

ft/s 5.4 6.4

10b Average velocity, Vpaved=20.3282(s)
0.5

ft/s

11a Tt=L/3600*Vunpaved hr 0.04 0.00

11b Tt=L/3600*Vpaved hr 0.04

Channel Flow Surface Description Natural Impervious

12 Cross sectional flow area, a ft
2

2.16

13 Wetted perimeter, Pw ft 5.65

14 Hydraulic radius, r=a/Pw ft 0.38 1.50

15 Channel slope, s ft/ft 0.062 0.100

16 Manning's roughness coeff., n 0.035 0.011

17 V=(1.49*r
2/3

*s
1/2

)/n ft/s 5.59 56.13

18 Flow length, L ft 483

19 Tt=L/3600*V hr 0.02 0.00 0.02

20 Watershed or subarea Tc or Tt (add Tt in steps 6, 11, and 19) Totals: 0.28 hr

17 min

VILLAGE OF IRVINGTON
Attachment B

Time of Concentration (Tc) Calculations - TR-55 Method

Village of Irvington

Pre - 2003 Development

Drainage Area - 8

Note: Channel hydraulic radius was calculated assuming average flow of 12 cfs from the rational method, 6.2% channel slope from GIS 

topography, a roughness coeffiecient of 0.035 for a vegetal channel and geometry of a trapeziodal channel with 3:1 side slopes and a 2 foot 

bottom width based on site visit observations conducted by Malcolm Pirnie on April 29, 2008.





   File.... I:\0162079\PPK\VOI2.ppw

   Name.... ROUTE 3

   Type.... Chn-Circular                                          Page 9.01

                 Solution to Mannings Open Channel Flow Equation

                   (Computed values are based on normal depth.)

                             CIRCULAR CROSS SECTION

                            Slope          = .040000 ft/ft  

                            Mannings n = 0.01300

                            Invert Elev.   =  267.00 ft     

                            Top of Channel =  269.00 ft     

                            Diameter       =  2.0000 ft     

    Elev.    Depth    Flow     Vel.    Area    Top W.  Wet.P.    Hd   Froude

    (ft)      (ft)    (cfs)  (ft/sec) (sq.ft)   (ft)    (ft)    (ft)    No.

  --------  -------  ------  -------  -------  ------  ------  -----  ------

   267.000     .00      .00     .00     .0000     .00     .00    .00   0.00

   267.040     .04      .03    2.03     .0150     .56     .57    .03   2.18

   267.080     .08      .13    3.20     .0421     .78     .81    .05   2.43

   267.120     .12      .32    4.16     .0770     .95     .99    .08   2.58

   267.160     .16      .59    5.01     .1177    1.09    1.15    .11   2.68

   267.200     .20      .94    5.78     .1635    1.20    1.29    .14   2.76

   267.240     .24     1.38    6.48     .2135    1.30    1.41    .16   2.82

   267.280     .28     1.91    7.13     .2673    1.39    1.53    .19   2.87

   267.320     .32     2.51    7.74     .3245    1.47    1.65    .22   2.90

   267.360     .36     3.20    8.32     .3845    1.54    1.75    .25   2.93

   267.400     .40     3.96    8.86     .4473    1.60    1.85    .28   2.95

   267.440     .44     4.80    9.37     .5125    1.66    1.95    .31   2.97

   267.480     .48     5.71    9.86     .5798    1.71    2.05    .34   2.98

   267.520     .52     6.70   10.32     .6490    1.75    2.14    .37   2.99

   267.560     .56     7.75   10.76     .7201    1.80    2.23    .40   3.00

   267.600     .60     8.86   11.18     .7927    1.83    2.32    .43   3.00

   267.640     .64    10.03   11.58     .8667    1.87    2.41    .46   2.99

   267.680     .68    11.26   11.96     .9419    1.89    2.49    .50   2.99

   267.720     .72    12.54   12.32    1.0182    1.92    2.57    .53   2.98

   267.760     .76    13.87   12.66    1.0955    1.94    2.66    .56   2.97

   267.800     .80    15.25   12.99    1.1735    1.96    2.74    .60   2.96

   267.840     .84    16.66   13.30    1.2522    1.97    2.82    .63   2.95

   267.880     .88    18.11   13.60    1.3314    1.99    2.90    .67   2.93

   267.920     .92    19.59   13.88    1.4110    1.99    2.98    .71   2.91

   267.960     .96    21.09   14.15    1.4908    2.00    3.06    .75   2.89

   268.000    1.00    22.62   14.40    1.5708    2.00    3.14    .79   2.86

   268.040    1.04    24.16   14.64    1.6508    2.00    3.22    .83   2.84

   268.080    1.08    25.72   14.86    1.7306    1.99    3.30    .87   2.81

   268.120    1.12    27.28   15.07    1.8102    1.99    3.38    .91   2.78

   268.160    1.16    28.84   15.26    1.8894    1.97    3.46    .96   2.75

   268.200    1.20    30.40   15.44    1.9681    1.96    3.54   1.00   2.72

   268.240    1.24    31.94   15.61    2.0461    1.94    3.63   1.05   2.68

   268.280    1.28    33.47   15.76    2.1234    1.92    3.71   1.11   2.64

   268.320    1.32    34.97   15.90    2.1997    1.89    3.79   1.16   2.60

   268.360    1.36    36.44   16.02    2.2749    1.87    3.88   1.22   2.56

   268.400    1.40    37.88   16.13    2.3489    1.83    3.96   1.28   2.51

   268.440    1.44    39.27   16.22    2.4215    1.80    4.05   1.35   2.46

   S/N:

   Bentley PondPack (10.00.027.00) 12:43 PM 6/3/2008

Bentley Systems, Inc.



   File.... I:\0162079\PPK\VOI2.ppw

   Name.... ROUTE 3

   Type.... Chn-Circular                                          Page 9.02

                 Solution to Mannings Open Channel Flow Equation

                   (Computed values are based on normal depth.)

                             CIRCULAR CROSS SECTION

                            Slope          = .040000 ft/ft  

                            Mannings n = 0.01300

                            Invert Elev.   =  267.00 ft     

                            Top of Channel =  269.00 ft     

                            Diameter       =  2.0000 ft     

    Elev.    Depth    Flow     Vel.    Area    Top W.  Wet.P.    Hd   Froude

    (ft)      (ft)    (cfs)  (ft/sec) (sq.ft)   (ft)    (ft)    (ft)    No.

  --------  -------  ------  -------  -------  ------  ------  -----  ------

   268.480    1.48    40.61   16.29    2.4926    1.75    4.14   1.42   2.41

   268.520    1.52    41.89   16.35    2.5618    1.71    4.24   1.50   2.35

   268.560    1.56    43.09   16.39    2.6291    1.66    4.33   1.59   2.29

   268.600    1.60    44.22   16.41    2.6943    1.60    4.43   1.68   2.23

   268.640    1.64    45.26   16.42    2.7571    1.54    4.53   1.79   2.16

   268.680    1.68    46.20   16.40    2.8171    1.47    4.64   1.92   2.09

   268.720    1.72    47.01   16.36    2.8743    1.39    4.75   2.07   2.00

   268.760    1.76    47.69   16.29    2.9281    1.30    4.87   2.25   1.91

   268.800    1.80    48.22   16.19    2.9781    1.20    5.00   2.48   1.81

   268.840    1.84    48.56   16.06    3.0238    1.09    5.14   2.79   1.70

   268.876    1.88    48.67   15.90    3.0612     .96    5.28   3.18   1.57

   268.880    1.88    48.67   15.88    3.0646     .95    5.29   3.23   1.56

   268.920    1.92    48.47   15.64    3.0995     .78    5.48   3.95   1.39

   268.960    1.96    47.81   15.29    3.1266     .56    5.72   5.58   1.14

   269.000    2.00    45.24   14.40    3.1416     .00    6.28   ****   ****

   S/N:

   Bentley PondPack (10.00.027.00) 12:43 PM 6/3/2008

Bentley Systems, Inc.



   File.... I:\0162079\PPK\VOI2.ppw

   Name.... ROUTE 5

   Type.... Chn-Trapz.                                            Page 9.04

                 Solution to Mannings Open Channel Flow Equation

                   (Computed values are based on normal depth.)

                           TRAPEZOIDAL CROSS SECTION

                            Slope          = .038000 ft/ft  

                            Mannings n = 0.03500

                            Invert Elev.   =  269.17 ft     

                            Top of Channel =  274.00 ft     

                            Base width     =    3.00 ft     

                            Rt Side slope  =   4.000 horizontal :1 vert.

                            Lt Side slope  =   4.000 horizontal :1 vert.

    Elev.    Depth    Flow     Vel.    Area    Top W.  Wet.P.    Hd   Froude

    (ft)      (ft)    (cfs)  (ft/sec) (sq.ft)   (ft)    (ft)    (ft)    No.

  --------  -------  ------  -------  -------  ------  ------  -----  ------

   269.167     .00      .00     .00     .0000     .00     .00    .00   0.00

   269.177     .01      .01     .38     .0304    3.08    3.08    .01   0.68

   269.267     .10      .56    1.65     .3400    3.80    3.82    .09   0.97

   269.367     .20     1.88    2.47     .7601    4.60    4.65    .17   1.07

   269.467     .30     3.92    3.11    1.2599    5.40    5.47    .23   1.13

   269.567     .40     6.70    3.64    1.8400    6.20    6.30    .30   1.18

   269.667     .50    10.29    4.12    2.5000    7.00    7.12    .36   1.21

   269.767     .60    14.74    4.55    3.2400    7.80    7.95    .42   1.24

   269.867     .70    20.10    4.95    4.0601    8.60    8.77    .47   1.27

   269.967     .80    26.44    5.33    4.9599    9.40    9.60    .53   1.29

   270.067     .90    33.79    5.69    5.9399   10.20   10.42    .58   1.31

   270.167    1.00    42.23    6.03    7.0000   11.00   11.25    .64   1.33

   270.267    1.10    51.81    6.36    8.1401   11.80   12.07    .69   1.35

   270.367    1.20    62.56    6.68    9.3602   12.60   12.90    .74   1.37

   270.467    1.30    74.56    6.99   10.6598   13.40   13.72    .80   1.38

   270.567    1.40    87.85    7.30   12.0399   14.20   14.54    .85   1.40

   270.667    1.50   102.47    7.59   13.5000   15.00   15.37    .90   1.41

   270.767    1.60   118.49    7.88   15.0401   15.80   16.19    .95   1.42

   270.867    1.70   135.94    8.16   16.6602   16.60   17.02   1.00   1.44

   270.967    1.80   154.86    8.43   18.3598   17.40   17.84   1.06   1.45

   271.067    1.90   175.33    8.71   20.1399   18.20   18.67   1.11   1.46

   271.167    2.00   197.37    8.97   22.0000   19.00   19.49   1.16   1.47

   271.267    2.10   221.03    9.23   23.9401   19.80   20.32   1.21   1.48

   271.367    2.20   246.36    9.49   25.9603   20.60   21.14   1.26   1.49

   271.467    2.30   273.39    9.74   28.0597   21.40   21.97   1.31   1.50

   271.567    2.40   302.19    9.99   30.2399   22.20   22.79   1.36   1.51

   271.667    2.50   332.78   10.24   32.5000   23.00   23.62   1.41   1.52

   271.767    2.60   365.22   10.48   34.8402   23.80   24.44   1.46   1.53

   271.867    2.70   399.53   10.72   37.2603   24.60   25.26   1.51   1.54

   271.967    2.80   435.76   10.96   39.7597   25.40   26.09   1.57   1.54

   272.067    2.90   473.97   11.19   42.3398   26.20   26.91   1.62   1.55

   272.167    3.00   514.18   11.43   45.0000   27.00   27.74   1.67   1.56

   272.267    3.10   556.44   11.66   47.7402   27.80   28.56   1.72   1.57

   272.367    3.20   600.79   11.88   50.5604   28.60   29.39   1.77   1.58

   272.467    3.30   647.25   12.11   53.4596   29.40   30.21   1.82   1.58

   S/N:
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   Type.... Chn-Trapz.                                            Page 9.05

                 Solution to Mannings Open Channel Flow Equation

                   (Computed values are based on normal depth.)

                           TRAPEZOIDAL CROSS SECTION

                            Slope          = .038000 ft/ft  

                            Mannings n = 0.03500

                            Invert Elev.   =  269.17 ft     

                            Top of Channel =  274.00 ft     

                            Base width     =    3.00 ft     

                            Rt Side slope  =   4.000 horizontal :1 vert.

                            Lt Side slope  =   4.000 horizontal :1 vert.

    Elev.    Depth    Flow     Vel.    Area    Top W.  Wet.P.    Hd   Froude

    (ft)      (ft)    (cfs)  (ft/sec) (sq.ft)   (ft)    (ft)    (ft)    No.

  --------  -------  ------  -------  -------  ------  ------  -----  ------

   272.567    3.40   695.89   12.33   56.4398   30.20   31.04   1.87   1.59

   272.667    3.50   746.74   12.55   59.5000   31.00   31.86   1.92   1.60

   272.767    3.60   799.83   12.77   62.6402   31.80   32.69   1.97   1.60

   272.867    3.70   855.20   12.99   65.8604   32.60   33.51   2.02   1.61

   272.967    3.80   912.87   13.20   69.1596   33.40   34.34   2.07   1.62

   273.067    3.90   972.92   13.41   72.5398   34.20   35.16   2.12   1.62

   273.167    4.00  1035.37   13.62   76.0000   35.00   35.98   2.17   1.63

   273.267    4.10  1100.25   13.83   79.5402   35.80   36.81   2.22   1.64

   273.367    4.20  1167.59   14.04   83.1605   36.60   37.63   2.27   1.64

   273.467    4.30  1237.43   14.25   86.8595   37.40   38.46   2.32   1.65

   273.567    4.40  1309.82   14.45   90.6398   38.20   39.28   2.37   1.65

   273.667    4.50  1384.79   14.65   94.5000   39.00   40.11   2.42   1.66

   273.767    4.60  1462.38   14.86   98.4403   39.80   40.93   2.47   1.67

   273.867    4.70  1542.62   15.06  102.4605   40.60   41.76   2.52   1.67

   273.967    4.80  1625.51   15.25  106.5595   41.40   42.58   2.57   1.68

   274.000    4.83  1653.77   15.32  107.9449   41.67   42.86   2.59   1.68

   S/N:

   Bentley PondPack (10.00.027.00) 12:43 PM 6/3/2008

Bentley Systems, Inc.





   File.... I:\0162079\PPK\VOI2.ppw

   Name.... POND 1

   Type.... Vol: Elev-Area                                       Page 14.01

    Elevation   Planimeter   Area   A1+A2+sqr(A1*A2)  Volume    Volume Sum

       (ft)      (sq.in)     (acres)     (acres)     (ac-ft)     (ac-ft)

   ------------------------------------------------------------------------

      269.17      -----      .0662       .0000         .000        .000

      270.00      -----      .0662       .1987         .055        .055

      270.00      -----      .0706       .2052         .000        .055

      271.00      -----      .0750       .2184         .073        .128

      272.00      -----      .0794       .2316         .077        .205

      273.00      -----      .0838       .2448         .082        .287

      274.00      -----      .0926       .2645         .088        .375

                              POND VOLUME EQUATIONS

     * Incremental volume computed by the Conic Method for Reservoir Volumes.

       Volume = (1/3) * (EL2-EL1) * (Area1 + Area2 + sq.rt.(Area1*Area2))

       where: EL1, EL2     = Lower and upper elevations of the increment

               Area1,Area2  = Areas computed for EL1, EL2, respectively

               Volume       = Incremental volume between EL1 and EL2

   S/N:
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   Type.... Outlet Input Data                                    Page 15.01

                      REQUESTED POND WS ELEVATIONS:

                        Min. Elev.=    269.17 ft

                        Increment =       .10 ft

                        Max. Elev.=    274.00 ft

              **********************************************

                             OUTLET CONNECTIVITY

              **********************************************

               ---> Forward Flow Only (UpStream to DnStream)

              <---  Reverse Flow Only (DnStream to UpStream)

              <---> Forward and Reverse Both Allowed

          Structure         No.        Outfall    E1, ft     E2, ft

      -----------------    ----        -------  ---------  ---------

      Weir-XY Points        W0    --->    C0     269.167    274.000

      Culvert-Circular      C0    --->    TW     260.000    274.000

      TW SETUP, DS Channel

   S/N:
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                 OUTLET STRUCTURE INPUT DATA

                 Structure ID      = W0

                 Structure Type    = Weir-XY Points

                 ------------------------------------

                 # of Openings     =         1

                 WEIR X-Y GROUND POINTS

                     X, ft     Elev, ft

                  ---------   ---------

                       .00      274.00

                     12.00      270.00

                     14.00      270.00

                     14.00      269.17

                     15.75      269.17

                     15.75      270.00

                     17.75      270.00

                     29.75      274.00

                 Lowest Elev.      =    269.17 ft

                 Weir Coeff.       =  2.640000

                 Weir TW effects     (Use adjustment equation)

   S/N:
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                 OUTLET STRUCTURE INPUT DATA

                 Structure ID      = C0

                 Structure Type    = Culvert-Circular

                 ------------------------------------

                 No. Barrels       =         1

                 Barrel Diameter   =    3.0000 ft

                 Upstream Invert   =    260.00 ft

                 Dnstream Invert   =    250.00 ft

                 Horiz. Length     =    100.00 ft

                 Barrel Length     =    100.50 ft

                 Barrel Slope      =    .10000 ft/ft

                 OUTLET CONTROL DATA...

                 Mannings n        =     .0130

                 Ke                =     .5000  (forward entrance loss)

                 Kb                =   .007228  (per ft of full flow)

                 Kr                =     .5000  (reverse entrance loss)

                 HW Convergence    =      .001  +/- ft

                 INLET CONTROL DATA...

                 Equation form     =         1

                 Inlet Control K   =     .0098

                 Inlet Control M   =    2.0000

                 Inlet Control c   =    .03980

                 Inlet Control Y   =     .6700

                 T1 ratio (HW/D)   =     1.110

                 T2 ratio (HW/D)   =     1.257

                 Slope Factor      =     -.500

    Use unsubmerged inlet control Form 1 equ. below T1 elev.

    Use   submerged inlet control Form 1 equ. above T2 elev.

    In transition zone between unsubmerged and submerged inlet control,

    interpolate between flows at T1 & T2...

    At T1 Elev =    263.33 ft  --->  Flow =     42.85 cfs

    At T2 Elev =    263.77 ft  --->  Flow =     48.97 cfs

                 Structure ID      = TW

                 Structure Type    = TW SETUP, DS Channel

                 ------------------------------------

                 FREE OUTFALL CONDITIONS SPECIFIED

                 CONVERGENCE TOLERANCES...

                 Maximum Iterations=    30

                 Min. TW tolerance =    .01 ft

                 Max. TW tolerance =    .01 ft

                 Min. HW tolerance =    .01 ft

                 Max. HW tolerance =    .01 ft

                 Min.  Q tolerance =    .10 cfs

                 Max.  Q tolerance =    .10 cfs

   S/N:

   Bentley PondPack (10.00.027.00) 12:44 PM 6/3/2008

Bentley Systems, Inc.



   File.... I:\0162079\PPK\VOI2.ppw

   Name.... POND 2

   Type.... Vol: Elev-Area                                       Page 14.02

    Elevation   Planimeter   Area   A1+A2+sqr(A1*A2)  Volume    Volume Sum

       (ft)      (sq.in)     (acres)     (acres)     (ac-ft)     (ac-ft)

   ------------------------------------------------------------------------

      298.90      -----      .0037       .0000         .000        .000

      300.00      -----      .0765       .0970         .036        .036

      302.00      -----      .2382       .4495         .300        .335

      304.00      -----      .5411      1.1382         .759       1.094

                              POND VOLUME EQUATIONS

     * Incremental volume computed by the Conic Method for Reservoir Volumes.

       Volume = (1/3) * (EL2-EL1) * (Area1 + Area2 + sq.rt.(Area1*Area2))

       where: EL1, EL2     = Lower and upper elevations of the increment

               Area1,Area2  = Areas computed for EL1, EL2, respectively

               Volume       = Incremental volume between EL1 and EL2

   S/N:
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                      REQUESTED POND WS ELEVATIONS:

                        Min. Elev.=    298.90 ft

                        Increment =       .10 ft

                        Max. Elev.=    304.00 ft

              **********************************************

                             OUTLET CONNECTIVITY

              **********************************************

               ---> Forward Flow Only (UpStream to DnStream)

              <---  Reverse Flow Only (DnStream to UpStream)

              <---> Forward and Reverse Both Allowed

          Structure         No.        Outfall    E1, ft     E2, ft

      -----------------    ----        -------  ---------  ---------

      Culvert-Circular      C0    --->    TW     298.900    304.000

      TW SETUP, DS Channel

   S/N:
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                 OUTLET STRUCTURE INPUT DATA

                 Structure ID      = C0

                 Structure Type    = Culvert-Circular

                 ------------------------------------

                 No. Barrels       =         1

                 Barrel Diameter   =    3.0000 ft

                 Upstream Invert   =    298.90 ft

                 Dnstream Invert   =    293.90 ft

                 Horiz. Length     =    100.00 ft

                 Barrel Length     =    100.12 ft

                 Barrel Slope      =    .05000 ft/ft

                 OUTLET CONTROL DATA...

                 Mannings n        =     .0240

                 Ke                =     .5000  (forward entrance loss)

                 Kb                =   .024635  (per ft of full flow)

                 Kr                =     .5000  (reverse entrance loss)

                 HW Convergence    =      .001  +/- ft

                 INLET CONTROL DATA...

                 Equation form     =         1

                 Inlet Control K   =     .0078

                 Inlet Control M   =    2.0000

                 Inlet Control c   =    .03790

                 Inlet Control Y   =     .6900

                 T1 ratio (HW/D)   =      .000

                 T2 ratio (HW/D)   =     1.271

                 Slope Factor      =     -.500

    Use unsubmerged inlet control Form 1 equ. below T1 elev.

    Use   submerged inlet control Form 1 equ. above T2 elev.

    In transition zone between unsubmerged and submerged inlet control,

    interpolate between flows at T1 & T2...

    At T1 Elev =    298.90 ft  --->  Flow =     42.85 cfs

    At T2 Elev =    302.71 ft  --->  Flow =     48.97 cfs

   S/N:
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                 OUTLET STRUCTURE INPUT DATA

                 Structure ID      = TW

                 Structure Type    = TW SETUP, DS Channel

                 ------------------------------------

                 FREE OUTFALL CONDITIONS SPECIFIED

                 CONVERGENCE TOLERANCES...

                 Maximum Iterations=    40

                 Min. TW tolerance =    .01 ft

                 Max. TW tolerance =    .01 ft

                 Min. HW tolerance =    .01 ft

                 Max. HW tolerance =    .01 ft

                 Min.  Q tolerance =    .00 cfs

                 Max.  Q tolerance =    .00 cfs
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