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Holland BPW James DeYoung Power Plant L = distance in feet

Drainage Areas S = slope in %

73-160017 T = time of travel in hours = L / ( V * 3600 )

Area # Overland Flow Channel Flow Tc (hrs.) Tc (min.) V=0.48*sqrt(S)-Sheet Flow<300'

V=2.1*sqrt(S)-Channel Flow

Pond 1 L (ft) 49

S (%) 8.00

V (ft/s) 1.36

T (hrs) 0.010 0.010 0.6

L (ft) 16

S (%) 0.60

V (ft/s) 0.37

T (hrs) 0.012 0.012 0.7

L (ft) 67

S (%) 2.00

V (ft/s) 0.68

T (hrs) 0.027 0.027 1.6

L (ft) 12

S (%) 0.30

V (ft/s) 0.26

T (hrs) 0.013 0.013 0.8

Tc 3.7

Pond 2 L (ft) 32.00

S (%) 7.60

V (ft/s) 1.32

T (hrs) 0.007 0.007 0.4

L (ft) 66.00

S (%) 0.90

V (ft/s) 0.46

T (hrs) 0.040 0.040 2.4

L (ft) 44.00

S (%) 0.01

V (ft/s) 0.05

T (hrs) 0.255 0.255 15.3

Tc 18.1

Pond 3 L (ft) 72.00

S (%) 1.60

V (ft/s) 0.61

T (hrs) 0.033 0.033 2.0

L (ft) 22.00

S (%) 0.01

V (ft/s) 0.05

T (hrs) 0.127 0.127 7.6

L (ft) 8.00

S (%) 4.90

V (ft/s) 1.06

T (hrs) 0.002 0.002 0.1

Tc 9.7

J:\2016\73\160017\Project Information\Calcs\Storm\Tc calcs.xlsx





  Autodesk® Storm and Sanitary Analysis 2016 - Version 11.1.55 (Build 1)
  -----------------------------------------------------------------------------------------

  *******************
  Project Description
  *******************
  File Name ................. Holland Ash Ponds.SPF 
  
  
  ****************
  Analysis Options
  ****************
  Flow Units ................ cfs
  Subbasin Hydrograph Method. Rational
  Time of Concentration...... SCS TR-55
  Return Period.............. 25 years
  Link Routing Method ....... Hydrodynamic
  Storage Node Exfiltration.. None
  Starting Date ............. AUG-23-2016 00:00:00
  Ending Date ............... AUG-23-2016 02:00:00
  Report Time Step .......... 00:00:10
  
  
  *************
  Element Count
  *************
  Number of subbasins ....... 4
  Number of nodes ........... 6
  Number of links ........... 5
  
  
  ****************
  Subbasin Summary
  ****************
  Subbasin                 Total
                            Area
  ID                         ft²
  ------------------------------
  Sub-01                43893.01
  Sub-02                20530.53
  Sub-03                44720.87
  Sub-04                  402.49
  
  
  ************
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  Node Summary
  ************
  Node                Element             Invert   Maximum    Ponded    External
  ID                  Type             Elevation     Elev.      Area      Inflow
                                              ft        ft       ft²
  ------------------------------------------------------------------------------
  Jun-1               JUNCTION            572.59    586.42      0.00    Yes
  Outfall-1           OUTFALL             572.47    577.47      0.00
  Pond-1              STORAGE             581.37    587.22      0.00
  Pond-2              STORAGE             580.26    586.14      0.00
  Pond-3              STORAGE             580.50    584.44      0.00
  Pond-4              STORAGE             580.50    585.00      0.00
  
  
  ************
  Link Summary
  ************
  Link            From Node       To Node         Element         Length     Slope   Manning's
  ID                                              Type                ft         %   Roughness
  --------------------------------------------------------------------------------------------
  Link-1          Pond-1          Pond-2          CONDUIT           25.0    2.0817      0.0130
  Link-2          Pond-2          Pond-3          CONDUIT           25.2    2.9774      0.0130
  Link-3          Pond-4          Jun-1           CONDUIT          645.0    0.1240      0.0130
  Link-4          Jun-1           Outfall-1       CONDUIT          312.4    0.0384      0.0130
  Orifice-1       Pond-3          Pond-4          ORIFICE     
  
  
  *********************
  Cross Section Summary
  *********************
  Link             Shape            Depth/        Width        No. of        Cross    Full Flow       Design
  ID                              Diameter                    Barrels    Sectional    Hydraulic         Flow
                                                                              Area       Radius     Capacity
                                        ft           ft                        ft²           ft          cfs
  ----------------------------------------------------------------------------------------------------------
  Link-1           CIRCULAR           2.00         2.00             1         3.14         0.50        32.64
  Link-2           CIRCULAR           2.00         2.00             1         3.14         0.50        39.04
  Link-3           CIRCULAR           2.00         2.00             1         3.14         0.50         7.97
  Link-4           CIRCULAR           5.00         5.00             1        19.63         1.25        51.04
  
  
  **************************        Volume         Depth
  Runoff Quantity Continuity       acre-ft        inches
  **************************     ---------       -------
  Total Precipitation ......         0.256         1.223
  Continuity Error (%) .....         0.384
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  **************************        Volume        Volume
  Flow Routing Continuity          acre-ft      Mgallons
  **************************     ---------     ---------
  External Inflow ..........         0.496         0.162
  External Outflow .........         0.502         0.164
  Initial Stored Volume ....         3.770         1.229
  Final Stored Volume ......         3.921         1.278
  Continuity Error (%) .....         0.000
  
  
  **************************************
  Runoff Coefficient Computations Report
  **************************************
  
  ------------------
  Subbasin Sub-01
  ------------------
                                                            Area          Soil       Runoff
  Soil/Surface Description                                  (ft²)        Group       Coeff.
  -----------------------------------------------------------------------------------------
  Grass                                                  21467.81            -         0.30
  Pavement/pondarea                                      22425.21            -         0.90
  Composite Area & Weighted Runoff Coeff.                43893.01                      0.61
  
  ------------------
  Subbasin Sub-02
  ------------------
                                                            Area          Soil       Runoff
  Soil/Surface Description                                  (ft²)        Group       Coeff.
  -----------------------------------------------------------------------------------------
  Grass                                                  11088.59            -         0.30
  Pond                                                    9441.94            -         0.90
  Composite Area & Weighted Runoff Coeff.                20530.53                      0.58
  
  ------------------
  Subbasin Sub-03
  ------------------
                                                            Area          Soil       Runoff
  Soil/Surface Description                                  (ft²)        Group       Coeff.
  -----------------------------------------------------------------------------------------
  Grass                                                  18899.87            -         0.30
  Pond                                                   25821.00            -         0.90
  Composite Area & Weighted Runoff Coeff.                44720.87                      0.65
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  ------------------
  Subbasin Sub-04
  ------------------
                                                            Area          Soil       Runoff
  Soil/Surface Description                                  (ft²)        Group       Coeff.
  -----------------------------------------------------------------------------------------
  -                                                        402.49            -         0.90
  Composite Area & Weighted Runoff Coeff.                  402.49                      0.90
  
  
  ***************************************************
  SCS TR-55 Time of Concentration Computations Report
  ***************************************************
  
  Sheet Flow Equation
  -------------------
  
          Tc = (0.007 * ((n * Lf)^0.8)) / ((P^0.5) * (Sf^0.4))
  
          Where:
  
          Tc = Time of Concentration (hrs)
          n  = Manning's Roughness
          Lf = Flow Length (ft)
          P  = 2 yr, 24 hr Rainfall (inches)
          Sf = Slope (ft/ft)
  
  Shallow Concentrated Flow Equation
  ----------------------------------
  
          V  = 16.1345 * (Sf^0.5) (unpaved surface)
          V  = 20.3282 * (Sf^0.5) (paved surface)
          V  = 15.0 * (Sf^0.5) (grassed waterway surface)
          V  = 10.0 * (Sf^0.5) (nearly bare & untilled surface)
          V  = 9.0 * (Sf^0.5) (cultivated straight rows surface)
          V  = 7.0 * (Sf^0.5) (short grass pasture surface)
          V  = 5.0 * (Sf^0.5) (woodland surface)
          V  = 2.5 * (Sf^0.5) (forest w/heavy litter surface)
          Tc = (Lf / V) / (3600 sec/hr)
  
          Where:
  
          Tc = Time of Concentration (hrs)
          Lf = Flow Length (ft)
          V  = Velocity (ft/sec)
          Sf = Slope (ft/ft)
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  Channel Flow Equation
  ---------------------
  
          V  = (1.49 * (R^(2/3)) * (Sf^0.5)) / n
          R  = Aq / Wp
          Tc = (Lf / V) / (3600 sec/hr)
  
          Where:
  
          Tc = Time of Concentration (hrs)
          Lf = Flow Length (ft)
          R  = Hydraulic Radius (ft)
          Aq = Flow Area (ft²)
          Wp = Wetted Perimeter (ft)
          V  = Velocity (ft/sec)
          Sf = Slope (ft/ft)
          n  = Manning's Roughness
  
  ------------------
  Subbasin Sub-01
  ------------------
  
          User-Defined TOC override (minutes):      3.70
  
  ------------------
  Subbasin Sub-02
  ------------------
  
          User-Defined TOC override (minutes):     18.10
  
  ------------------
  Subbasin Sub-03
  ------------------
  
          User-Defined TOC override (minutes):      9.70
  
  ------------------
  Subbasin Sub-04
  ------------------
  
          User-Defined TOC override (minutes):      0.00
  
  ***********************
  Subbasin Runoff Summary
  ***********************
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  ---------------------------------------------------------------------------------------
  Subbasin       Accumulated     Rainfall     Total      Peak  Weighted           Time of
  ID                  Precip    Intensity    Runoff    Runoff    Runoff     Concentration
                          in        in/hr        in       cfs     Coeff    days  hh:mm:ss
  ---------------------------------------------------------------------------------------
  Sub-01                1.20         4.80      0.73      2.95     0.610       0  00:15:00
  Sub-02                1.32         4.37      0.77      1.20     0.580       0  00:18:06
  Sub-03                1.20         4.80      0.78      3.20     0.650       0  00:15:00
  Sub-04                1.20         4.80      1.08      0.04     0.900       0  00:15:00
  ---------------------------------------------------------------------------------------
  
  
  ******************
  Node Depth Summary
  ******************
  
  -----------------------------------------------------------------------------------------
  Node            Average   Maximum   Maximum   Time of Max     Total     Total   Retention
  ID                Depth     Depth       HGL    Occurrence   Flooded      Time        Time
                 Attained  Attained  Attained                  Volume   Flooded            
                       ft        ft        ft   days  hh:mm   acre-in   minutes    hh:mm:ss
  -----------------------------------------------------------------------------------------
  Jun-1              4.91      5.03    577.62      0  00:00         0         0     0:00:00
  Outfall-1          5.03      5.03    577.50      0  00:00         0         0     0:00:00
  Pond-1             3.89      3.92    585.29      0  00:29         0         0     0:00:00
  Pond-2             4.05      4.08    584.34      0  00:35         0         0     0:00:00
  Pond-3             2.48      2.51    583.01      0  02:00         0         0     0:00:00
  Pond-4             1.52      1.59    582.09      0  02:00         0         0     0:00:00
  
  
  *****************
  Node Flow Summary
  *****************
  
  ------------------------------------------------------------------------------------
  Node                Element     Maximum     Peak      Time of   Maximum Time of Peak
  ID                     Type     Lateral   Inflow  Peak Inflow  Flooding     Flooding
                                   Inflow            Occurrence  Overflow   Occurrence
                                      cfs      cfs  days  hh:mm       cfs  days  hh:mm
  ------------------------------------------------------------------------------------
  Jun-1                JUNCTION      3.00     3.08     0  02:00      0.00
  Outfall-1            OUTFALL       0.00     5.93     0  00:00      0.00
  Pond-1               STORAGE       2.95     2.95     0  00:15      0.00
  Pond-2               STORAGE       1.19     1.30     0  00:18      0.00
  Pond-3               STORAGE       3.20     3.23     0  00:15      0.00
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  Pond-4               STORAGE       0.04     0.09     0  02:00      0.00
  
  
  ********************
  Storage Node Summary
  ********************
  
  -------------------------------------------------------------------------------------------------------------------------------------
  Storage Node ID        Maximum     Maximum    Time of Max    Average   Average       Maximum       Maximum  Time of Max.        Total
                          Ponded      Ponded         Ponded     Ponded    Ponded  Storage Node  Exfiltration  Exfiltration  Exfiltrated
                          Volume      Volume         Volume     Volume    Volume       Outflow          Rate          Rate       Volume
                        1000 ft³         (%)     days hh:mm   1000 ft³       (%)           cfs           cfm      hh:mm:ss     1000 ft³
  -------------------------------------------------------------------------------------------------------------------------------------
  Pond-1                  74.434          66       0  00:29     73.796        65          0.21          0.00       0:00:00        0.000
  Pond-2                  43.678          70       0  00:35     43.378        70          0.24          0.00       0:00:00        0.000
  Pond-3                  46.741          62       0  02:00     45.998        61          0.09          0.00       0:00:00        0.000
  Pond-4                   0.837          28       0  02:00      0.788        26          0.08          0.00       0:00:00        0.000
  
  
  ***********************
  Outfall Loading Summary
  ***********************
  
  -----------------------------------------------
  Outfall Node ID        Flow   Average      Peak
                    Frequency      Flow    Inflow
                          (%)       cfs       cfs
  -----------------------------------------------
  Outfall-1            100.00      3.04      5.93
  -----------------------------------------------
  System               100.00      3.04      5.93
  
  
  *****************
  Link Flow Summary
  *****************
  
  --------------------------------------------------------------------------------------------------------------------------------
  Link ID              Element       Time of   Maximum  Length   Peak Flow      Design  Ratio of  Ratio of       Total  Reported
                       Type        Peak Flow  Velocity  Factor      during        Flow   Maximum   Maximum        Time  Condition
                                  Occurrence  Attained            Analysis    Capacity   /Design      Flow  Surcharged
                                  days hh:mm    ft/sec                 cfs         cfs      Flow     Depth     minutes
  --------------------------------------------------------------------------------------------------------------------------------
  Link-1               CONDUIT      0  00:29      2.76    1.00        0.21       32.64      0.01      0.06           0  Calculated     
  Link-2               CONDUIT      0  00:35      3.28    1.00        0.24       39.04      0.01      0.06           0  Calculated     
  Link-3               CONDUIT      0  02:00      0.83    1.00        0.08        7.97      0.01      0.07           0  Calculated     
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  Link-4               CONDUIT      0  00:00      0.30    1.00        5.93       51.04      0.12      1.00           1  SURCHARGED     
  Orifice-1            ORIFICE      0  02:00                          0.09                            0.32
  
  
  ********************************
  Highest Flow Instability Indexes
  ********************************
  Link Link-4 (2)
  
  

  Analysis began on:  Tue Oct 04 21:00:37 2016
  Analysis ended on:  Tue Oct 04 21:00:37 2016
  Total elapsed time: < 1 sec
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