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   San Diego County Rational Hydrology Program 
 
 CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2009 Version 7.8 
 
 Rational method hydrology  program based on 
 San Diego County Flood Control Division 2003 hydrology manual 
  Rational Hydrology Study        Date: 01/24/17 
 -----------------------------------------------------------------------
- 
 Shady Oak 
 Existing Conditions 
 Major Drainage Basin 100 
 100-Year Flow Rate 
 -----------------------------------------------------------------------
- 
  *********   Hydrology Study Control Information ********** 
 
 -----------------------------------------------------------------------
- 
 
 
 Program License Serial Number 6289 
 
 -----------------------------------------------------------------------
- 
 Rational hydrology study storm event year is   100.0 
 English (in-lb) input data Units used 
 
 Map data precipitation entered: 
 6 hour,  precipitation(inches) =  3.750 
 24 hour precipitation(inches) =  8.200 
 P6/P24 =    45.7% 
 San Diego hydrology manual 'C' values used 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      100.000 to Point/Station      101.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 1.000 
 Decimal fraction soil group D = 0.000 
 [LOW DENSITY RESIDENTIAL                     ]  
 (1.0 DU/A or Less       )  
 Impervious value, Ai = 0.100 
 Sub-Area C Value = 0.360 
 Initial subarea total flow distance  =   75.000(Ft.) 
 Highest elevation = 1508.000(Ft.) 
 Lowest elevation = 1502.000(Ft.) 
 Elevation difference =    6.000(Ft.) Slope =  8.000 % 
 INITIAL AREA TIME OF CONCENTRATION CALCULATIONS: 
 The maximum overland flow distance is 100.00 (Ft) 
 for the top area slope value of   8.00 %, in a development type of 
  1.0 DU/A or Less        
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 In Accordance With Figure 3-3  
 Initial Area Time of Concentration =   6.66 minutes 
 TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)] 
 TC = [1.8*(1.1-0.3600)*( 100.000^.5)/(   8.000^(1/3)]=   6.66 
 Rainfall intensity (I) =      8.212(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.360 
 Subarea runoff =      0.296(CFS) 
 Total initial stream area =        0.100(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      101.000 to Point/Station      102.000 
 **** IMPROVED CHANNEL TRAVEL TIME **** 
 ______________________________________________________________________ 
 Upstream point elevation =  1502.000(Ft.) 
 Downstream point elevation =  1330.000(Ft.) 
 Channel length thru subarea  =   845.000(Ft.) 
 Channel base width =   25.000(Ft.) 
 Slope or 'Z' of left channel bank =   5.000 
 Slope or 'Z' of right channel bank =   5.000 
 Estimated mean flow rate at midpoint of channel =     13.964(CFS) 
 Manning's 'N'    = 0.035 
 Maximum depth of channel  =    4.000(Ft.) 
 Flow(q) thru subarea =     13.964(CFS) 
 Depth of flow =   0.119(Ft.), Average velocity =   4.570(Ft/s) 
 Channel flow top width =   26.194(Ft.) 
 Flow Velocity =    4.57(Ft/s) 
 Travel time  =    3.08 min. 
 Time of concentration =    9.74 min. 
 Critical depth =      0.211(Ft.) 
  Adding area flow to channel 
 Rainfall intensity (I) =      6.426(In/Hr) for a   100.0 year storm 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 0.997 
 Decimal fraction soil group D = 0.003 
 [LOW DENSITY RESIDENTIAL                     ]  
 (1.0 DU/A or Less       )  
 Impervious value, Ai = 0.100 
 Sub-Area C Value = 0.360 
 Rainfall intensity =      6.426(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for total area 
 (Q=KCIA) is C = 0.360  CA =      4.286 
 Subarea runoff =     27.245(CFS) for     11.800(Ac.) 
 Total runoff =     27.540(CFS) Total area =      11.900(Ac.) 
 Depth of flow =   0.179(Ft.), Average velocity =   5.942(Ft/s) 
 Critical depth =      0.328(Ft.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      102.000 to Point/Station      103.000 
 **** IMPROVED CHANNEL TRAVEL TIME **** 
 ______________________________________________________________________ 
 Upstream point elevation =  1330.000(Ft.) 
 Downstream point elevation =  1295.000(Ft.) 
 Channel length thru subarea  =   800.000(Ft.) 
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 Channel base width =   37.000(Ft.) 
 Slope or 'Z' of left channel bank =  58.000 
 Slope or 'Z' of right channel bank =  58.000 
 Estimated mean flow rate at midpoint of channel =     34.236(CFS) 
 Manning's 'N'    = 0.035 
 Maximum depth of channel  =    1.000(Ft.) 
 Flow(q) thru subarea =     34.236(CFS) 
 Depth of flow =   0.235(Ft.), Average velocity =   2.883(Ft/s) 
 Channel flow top width =   64.222(Ft.) 
 Flow Velocity =    2.88(Ft/s) 
 Travel time  =    4.63 min. 
 Time of concentration =   14.37 min. 
 Critical depth =      0.258(Ft.) 
  Adding area flow to channel 
 Rainfall intensity (I) =      5.001(In/Hr) for a   100.0 year storm 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 0.115 
 Decimal fraction soil group D = 0.885 
 [LOW DENSITY RESIDENTIAL                     ]  
 (1.0 DU/A or Less       )  
 Impervious value, Ai = 0.100 
 Sub-Area C Value = 0.404 
 Rainfall intensity =      5.001(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for total area 
 (Q=KCIA) is C = 0.380  CA =      8.167 
 Subarea runoff =     13.305(CFS) for      9.600(Ac.) 
 Total runoff =     40.845(CFS) Total area =      21.500(Ac.) 
 Depth of flow =   0.258(Ft.), Average velocity =   3.042(Ft/s) 
 Critical depth =      0.287(Ft.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      103.000 to Point/Station      103.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 1 
 Stream flow area =     21.500(Ac.) 
 Runoff from this stream =     40.845(CFS) 
 Time of concentration =   14.37 min. 
 Rainfall intensity =     5.001(In/Hr) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      110.000 to Point/Station      111.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 1.000 
 Decimal fraction soil group D = 0.000 
 [UNDISTURBED NATURAL TERRAIN                 ]  
 (Permanent Open Space   )  
 Impervious value, Ai = 0.000 
 Sub-Area C Value = 0.300 
 Initial subarea total flow distance  =  162.000(Ft.) 
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 Highest elevation = 1486.000(Ft.) 
 Lowest elevation = 1445.000(Ft.) 
 Elevation difference =   41.000(Ft.) Slope = 25.309 % 
 Top of Initial Area Slope adjusted by User to 25.000 % 
 INITIAL AREA TIME OF CONCENTRATION CALCULATIONS: 
 The maximum overland flow distance is 100.00 (Ft) 
 for the top area slope value of  25.00 %, in a development type of 
  Permanent Open Space    
 In Accordance With Figure 3-3  
 Initial Area Time of Concentration =   4.92 minutes 
 TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)] 
 TC = [1.8*(1.1-0.3000)*( 100.000^.5)/(  25.000^(1/3)]=   4.92 
 Calculated TC of    4.925 minutes is less than 5 minutes, 
  resetting TC to 5.0 minutes for rainfall intensity calculations 
 Rainfall intensity (I) =      9.880(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.300 
 Subarea runoff =      0.296(CFS) 
 Total initial stream area =        0.100(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      111.000 to Point/Station      103.000 
 **** IMPROVED CHANNEL TRAVEL TIME **** 
 ______________________________________________________________________ 
 Upstream point elevation =  1445.000(Ft.) 
 Downstream point elevation =  1295.000(Ft.) 
 Channel length thru subarea  =  1405.000(Ft.) 
 Channel base width =   19.000(Ft.) 
 Slope or 'Z' of left channel bank =  30.000 
 Slope or 'Z' of right channel bank =  30.000 
 Estimated mean flow rate at midpoint of channel =      8.108(CFS) 
 Manning's 'N'    = 0.035 
 Maximum depth of channel  =    0.200(Ft.) 
 Flow(q) thru subarea =      8.108(CFS) 
 Depth of flow =   0.118(Ft.), Average velocity =   3.035(Ft/s) 
 Channel flow top width =   26.108(Ft.) 
 Flow Velocity =    3.03(Ft/s) 
 Travel time  =    7.72 min. 
 Time of concentration =   12.64 min. 
 Critical depth =      0.162(Ft.) 
  Adding area flow to channel 
 Rainfall intensity (I) =      5.432(In/Hr) for a   100.0 year storm 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 0.300 
 Decimal fraction soil group D = 0.700 
 [LOW DENSITY RESIDENTIAL                     ]  
 (1.0 DU/A or Less       )  
 Impervious value, Ai = 0.100 
 Sub-Area C Value = 0.395 
 Rainfall intensity =      5.432(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for total area 
 (Q=KCIA) is C = 0.394  CA =      2.913 
 Subarea runoff =     15.530(CFS) for      7.300(Ac.) 
 Total runoff =     15.826(CFS) Total area =       7.400(Ac.) 
 Depth of flow =   0.173(Ft.), Average velocity =   3.783(Ft/s) 
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 Critical depth =      0.238(Ft.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      103.000 to Point/Station      103.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 2 
 Stream flow area =      7.400(Ac.) 
 Runoff from this stream =     15.826(CFS) 
 Time of concentration =   12.64 min. 
 Rainfall intensity =     5.432(In/Hr) 
 Summary of stream data: 
 
 Stream   Flow rate      TC            Rainfall Intensity 
  No.       (CFS)       (min)                 (In/Hr) 
 
 
 1       40.845     14.37          5.001 
 2       15.826     12.64          5.432 
 Qmax(1) = 
     1.000 *    1.000 *    40.845) + 
     0.921 *    1.000 *    15.826) + =      55.417 
 Qmax(2) = 
     1.000 *    0.880 *    40.845) + 
     1.000 *    1.000 *    15.826) + =      51.763 
 
 Total of 2 streams to confluence: 
 Flow rates before confluence point: 
       40.845      15.826 
 Maximum flow rates at confluence using above data: 
        55.417       51.763 
 Area of streams before confluence: 
        21.500        7.400 
 Results of confluence: 
 Total flow rate =     55.417(CFS) 
 Time of concentration =    14.367 min. 
 Effective stream area after confluence =     28.900(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      103.000 to Point/Station      104.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1295.000(Ft.) 
 Downstream point/station elevation =  1294.500(Ft.) 
 Pipe length  =    12.00(Ft.) Slope =   0.0417  Manning's N = 0.024 
 No. of pipes = 1  Required pipe flow  =    55.417(CFS) 
 Nearest computed pipe diameter  =     33.00(In.) 
 Calculated individual pipe flow  =    55.417(CFS) 
 Normal flow depth in pipe =   25.59(In.) 
 Flow top width inside pipe =   27.54(In.) 
 Critical Depth =   29.06(In.) 
 Pipe flow velocity =     11.20(Ft/s) 
 Travel time through pipe =    0.02 min. 
 Time of concentration (TC) =    14.39 min. 
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 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      104.000 to Point/Station      104.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 1 
 Stream flow area =     28.900(Ac.) 
 Runoff from this stream =     55.417(CFS) 
 Time of concentration =   14.39 min. 
 Rainfall intensity =     4.997(In/Hr) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      120.000 to Point/Station      121.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 1.000 
 Decimal fraction soil group D = 0.000 
 [UNDISTURBED NATURAL TERRAIN                 ]  
 (Permanent Open Space   )  
 Impervious value, Ai = 0.000 
 Sub-Area C Value = 0.300 
 Initial subarea total flow distance  =  100.000(Ft.) 
 Highest elevation = 1340.000(Ft.) 
 Lowest elevation = 1325.000(Ft.) 
 Elevation difference =   15.000(Ft.) Slope = 15.000 % 
 INITIAL AREA TIME OF CONCENTRATION CALCULATIONS: 
 The maximum overland flow distance is 100.00 (Ft) 
 for the top area slope value of  15.00 %, in a development type of 
  Permanent Open Space    
 In Accordance With Figure 3-3  
 Initial Area Time of Concentration =   5.84 minutes 
 TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)] 
 TC = [1.8*(1.1-0.3000)*( 100.000^.5)/(  15.000^(1/3)]=   5.84 
 Rainfall intensity (I) =      8.940(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.300 
 Subarea runoff =      0.268(CFS) 
 Total initial stream area =        0.100(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      121.000 to Point/Station      122.000 
 **** STREET FLOW TRAVEL TIME + SUBAREA FLOW ADDITION **** 
 ______________________________________________________________________ 
 Top of street segment elevation =  1325.000(Ft.) 
 End of street segment elevation =  1298.000(Ft.) 
 Length of street segment  =  1117.000(Ft.) 
 Height of curb above gutter flowline  =    6.0(In.) 
 Width of half street (curb to crown)  =  32.000(Ft.) 
 Distance from crown to crossfall grade break  =  31.999(Ft.) 
 Slope from gutter to grade break (v/hz) =   0.020 
 Slope from grade break to crown (v/hz)  =   0.020 
 Street flow is on [2] side(s) of the street  
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 Distance from curb to property line  =  10.000(Ft.) 
 Slope from curb to property line (v/hz) =   0.000 
 Gutter width =   0.000(Ft.) 
 Gutter hike from flowline =  6.000(In.) 
  Manning's N in gutter =  0.0150 
  Manning's N from gutter to grade break =  0.0150 
  Manning's N from grade break to crown =  0.0130 
 Estimated mean flow rate at midpoint of street =      4.397(CFS) 
 Depth of flow =   0.575(Ft.), Average velocity =   2.456(Ft/s) 
 Warning: depth of flow exceeds top of curb 
 Streetflow hydraulics at midpoint of street travel: 
 Halfstreet flow width =   3.766(Ft.) 
 Flow velocity =   2.46(Ft/s) 
 Travel time =    7.58 min.     TC =   13.42  min. 
  Adding area flow to street 
 Rainfall intensity (I) =      5.227(In/Hr) for a   100.0 year storm 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 0.610 
 Decimal fraction soil group D = 0.390 
 [MEDIUM DENSITY RESIDENTIAL                  ]  
 (10.9 DU/A or Less      )  
 Impervious value, Ai = 0.450 
 Sub-Area C Value = 0.582 
 Rainfall intensity =      5.227(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for total area 
 (Q=KCIA) is C = 0.572  CA =      1.659 
 Subarea runoff =      8.402(CFS) for      2.800(Ac.) 
 Total runoff =      8.670(CFS) Total area =       2.900(Ac.) 
 Street flow at end of street =      8.670(CFS) 
 Half street flow at end of street =      4.335(CFS) 
 Depth of flow =   0.610(Ft.), Average velocity =   3.103(Ft/s) 
 Warning: depth of flow exceeds top of curb 
 Flow width (from curb towards crown)=   5.482(Ft.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      122.000 to Point/Station      104.000 
 **** PIPEFLOW TRAVEL TIME (User specified size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1295.200(Ft.) 
 Downstream point/station elevation =  1294.500(Ft.) 
 Pipe length  =   160.00(Ft.) Slope =   0.0044  Manning's N = 0.024 
 No. of pipes = 1  Required pipe flow  =     8.670(CFS) 
 Given pipe size =     18.00(In.) 
 NOTE: Normal flow is pressure flow in user selected pipe size. 
 The approximate hydraulic grade line above the pipe invert is 
      3.574(Ft.)  at the headworks or inlet of the pipe(s) 
  Pipe friction loss =      3.714(Ft.) 
  Minor friction loss =      0.561(Ft.) K-factor =   1.50 
 Pipe flow velocity =      4.91(Ft/s) 
 Travel time through pipe =    0.54 min. 
 Time of concentration (TC) =    13.96 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
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 Process from Point/Station      104.000 to Point/Station      104.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 2 
 Stream flow area =      2.900(Ac.) 
 Runoff from this stream =      8.670(CFS) 
 Time of concentration =   13.96 min. 
 Rainfall intensity =     5.095(In/Hr) 
 Summary of stream data: 
 
 Stream   Flow rate      TC            Rainfall Intensity 
  No.       (CFS)       (min)                 (In/Hr) 
 
 
 1       55.417     14.39          4.997 
 2        8.670     13.96          5.095 
 Qmax(1) = 
     1.000 *    1.000 *    55.417) + 
     0.981 *    1.000 *     8.670) + =      63.922 
 Qmax(2) = 
     1.000 *    0.971 *    55.417) + 
     1.000 *    1.000 *     8.670) + =      62.459 
 
 Total of 2 streams to confluence: 
 Flow rates before confluence point: 
       55.417       8.670 
 Maximum flow rates at confluence using above data: 
        63.922       62.459 
 Area of streams before confluence: 
        28.900        2.900 
 Results of confluence: 
 Total flow rate =     63.922(CFS) 
 Time of concentration =    14.385 min. 
 Effective stream area after confluence =     31.800(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      104.000 to Point/Station      105.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1294.500(Ft.) 
 Downstream point/station elevation =  1288.700(Ft.) 
 Pipe length  =    96.00(Ft.) Slope =   0.0604  Manning's N = 0.024 
 No. of pipes = 1  Required pipe flow  =    63.922(CFS) 
 Nearest computed pipe diameter  =     33.00(In.) 
 Calculated individual pipe flow  =    63.922(CFS) 
 Normal flow depth in pipe =   24.66(In.) 
 Flow top width inside pipe =   28.69(In.) 
 Critical Depth =   30.40(In.) 
 Pipe flow velocity =     13.43(Ft/s) 
 Travel time through pipe =    0.12 min. 
 Time of concentration (TC) =    14.50 min. 
 End of computations, total study area =          31.800 (Ac.) 
 
 
 



 
 

Appendix C: 100-Year Post-Project Condition Hydrologic Output



1 

 

 
   San Diego County Rational Hydrology Program 
 
 CIVILCADD/CIVILDESIGN Engineering Software,(c)1991-2009 Version 7.8 
 
 Rational method hydrology  program based on 
 San Diego County Flood Control Division 2003 hydrology manual 
  Rational Hydrology Study        Date: 01/24/17 
 -----------------------------------------------------------------------
- 
 Shady Oak 
 Proposed Conditions 
 Major Drainage Basin 100 
 100-Year Flow Rate 
 -----------------------------------------------------------------------
- 
  *********   Hydrology Study Control Information ********** 
 
 -----------------------------------------------------------------------
- 
 
 
 Program License Serial Number 6289 
 
 -----------------------------------------------------------------------
- 
 Rational hydrology study storm event year is   100.0 
 English (in-lb) input data Units used 
 
 Map data precipitation entered: 
 6 hour,  precipitation(inches) =  3.750 
 24 hour precipitation(inches) =  8.200 
 P6/P24 =    45.7% 
 San Diego hydrology manual 'C' values used 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      100.000 to Point/Station      101.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 1.000 
 Decimal fraction soil group D = 0.000 
 [LOW DENSITY RESIDENTIAL                     ]  
 (1.0 DU/A or Less       )  
 Impervious value, Ai = 0.100 
 Sub-Area C Value = 0.360 
 Initial subarea total flow distance  =   75.000(Ft.) 
 Highest elevation = 1508.000(Ft.) 
 Lowest elevation = 1502.000(Ft.) 
 Elevation difference =    6.000(Ft.) Slope =  8.000 % 
 INITIAL AREA TIME OF CONCENTRATION CALCULATIONS: 
 The maximum overland flow distance is 100.00 (Ft) 
 for the top area slope value of   8.00 %, in a development type of 
  1.0 DU/A or Less        
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 In Accordance With Figure 3-3  
 Initial Area Time of Concentration =   6.66 minutes 
 TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)] 
 TC = [1.8*(1.1-0.3600)*( 100.000^.5)/(   8.000^(1/3)]=   6.66 
 Rainfall intensity (I) =      8.212(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.360 
 Subarea runoff =      0.296(CFS) 
 Total initial stream area =        0.100(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      101.000 to Point/Station      102.000 
 **** IMPROVED CHANNEL TRAVEL TIME **** 
 ______________________________________________________________________ 
 Upstream point elevation =  1502.000(Ft.) 
 Downstream point elevation =  1330.000(Ft.) 
 Channel length thru subarea  =   845.000(Ft.) 
 Channel base width =   25.000(Ft.) 
 Slope or 'Z' of left channel bank =   5.000 
 Slope or 'Z' of right channel bank =   5.000 
 Estimated mean flow rate at midpoint of channel =     13.964(CFS) 
 Manning's 'N'    = 0.035 
 Maximum depth of channel  =    4.000(Ft.) 
 Flow(q) thru subarea =     13.964(CFS) 
 Depth of flow =   0.119(Ft.), Average velocity =   4.570(Ft/s) 
 Channel flow top width =   26.194(Ft.) 
 Flow Velocity =    4.57(Ft/s) 
 Travel time  =    3.08 min. 
 Time of concentration =    9.74 min. 
 Critical depth =      0.211(Ft.) 
  Adding area flow to channel 
 Rainfall intensity (I) =      6.426(In/Hr) for a   100.0 year storm 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 0.997 
 Decimal fraction soil group D = 0.003 
 [LOW DENSITY RESIDENTIAL                     ]  
 (1.0 DU/A or Less       )  
 Impervious value, Ai = 0.100 
 Sub-Area C Value = 0.360 
 Rainfall intensity =      6.426(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for total area 
 (Q=KCIA) is C = 0.360  CA =      4.286 
 Subarea runoff =     27.245(CFS) for     11.800(Ac.) 
 Total runoff =     27.540(CFS) Total area =      11.900(Ac.) 
 Depth of flow =   0.179(Ft.), Average velocity =   5.942(Ft/s) 
 Critical depth =      0.328(Ft.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      102.000 to Point/Station      103.000 
 **** IMPROVED CHANNEL TRAVEL TIME **** 
 ______________________________________________________________________ 
 Upstream point elevation =  1330.000(Ft.) 
 Downstream point elevation =  1295.000(Ft.) 
 Channel length thru subarea  =   800.000(Ft.) 
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 Channel base width =   37.000(Ft.) 
 Slope or 'Z' of left channel bank =  58.000 
 Slope or 'Z' of right channel bank =  58.000 
 Estimated mean flow rate at midpoint of channel =     34.236(CFS) 
 Manning's 'N'    = 0.035 
 Maximum depth of channel  =    1.000(Ft.) 
 Flow(q) thru subarea =     34.236(CFS) 
 Depth of flow =   0.235(Ft.), Average velocity =   2.883(Ft/s) 
 Channel flow top width =   64.222(Ft.) 
 Flow Velocity =    2.88(Ft/s) 
 Travel time  =    4.63 min. 
 Time of concentration =   14.37 min. 
 Critical depth =      0.258(Ft.) 
  Adding area flow to channel 
 Rainfall intensity (I) =      5.001(In/Hr) for a   100.0 year storm 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 0.115 
 Decimal fraction soil group D = 0.885 
 [LOW DENSITY RESIDENTIAL                     ]  
 (1.0 DU/A or Less       )  
 Impervious value, Ai = 0.100 
 Sub-Area C Value = 0.404 
 Rainfall intensity =      5.001(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for total area 
 (Q=KCIA) is C = 0.380  CA =      8.167 
 Subarea runoff =     13.305(CFS) for      9.600(Ac.) 
 Total runoff =     40.845(CFS) Total area =      21.500(Ac.) 
 Depth of flow =   0.258(Ft.), Average velocity =   3.042(Ft/s) 
 Critical depth =      0.287(Ft.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      103.000 to Point/Station      103.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 1 
 Stream flow area =     21.500(Ac.) 
 Runoff from this stream =     40.845(CFS) 
 Time of concentration =   14.37 min. 
 Rainfall intensity =     5.001(In/Hr) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      110.000 to Point/Station      111.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 1.000 
 Decimal fraction soil group D = 0.000 
 [UNDISTURBED NATURAL TERRAIN                 ]  
 (Permanent Open Space   )  
 Impervious value, Ai = 0.000 
 Sub-Area C Value = 0.300 
 Initial subarea total flow distance  =  162.000(Ft.) 
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 Highest elevation = 1486.000(Ft.) 
 Lowest elevation = 1445.000(Ft.) 
 Elevation difference =   41.000(Ft.) Slope = 25.309 % 
 INITIAL AREA TIME OF CONCENTRATION CALCULATIONS: 
 The maximum overland flow distance is 100.00 (Ft) 
 for the top area slope value of  25.30 %, in a development type of 
  Permanent Open Space    
 In Accordance With Figure 3-3  
 Initial Area Time of Concentration =   4.91 minutes 
 TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)] 
 TC = [1.8*(1.1-0.3000)*( 100.000^.5)/(  25.300^(1/3)]=   4.91 
 Calculated TC of    4.905 minutes is less than 5 minutes, 
  resetting TC to 5.0 minutes for rainfall intensity calculations 
 Rainfall intensity (I) =      9.880(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.300 
 Subarea runoff =      0.296(CFS) 
 Total initial stream area =        0.100(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      111.000 to Point/Station      103.000 
 **** IMPROVED CHANNEL TRAVEL TIME **** 
 ______________________________________________________________________ 
 Upstream point elevation =  1445.000(Ft.) 
 Downstream point elevation =  1295.000(Ft.) 
 Channel length thru subarea  =  1537.000(Ft.) 
 Channel base width =   19.000(Ft.) 
 Slope or 'Z' of left channel bank =  30.000 
 Slope or 'Z' of right channel bank =  30.000 
 Estimated mean flow rate at midpoint of channel =      2.456(CFS) 
 Manning's 'N'    = 0.035 
 Maximum depth of channel  =    0.200(Ft.) 
 Flow(q) thru subarea =      2.456(CFS) 
 Depth of flow =   0.061(Ft.), Average velocity =   1.939(Ft/s) 
 Channel flow top width =   22.649(Ft.) 
 Flow Velocity =    1.94(Ft/s) 
 Travel time  =   13.21 min. 
 Time of concentration =   18.11 min. 
 Critical depth =      0.077(Ft.) 
  Adding area flow to channel 
 Rainfall intensity (I) =      4.307(In/Hr) for a   100.0 year storm 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 0.593 
 Decimal fraction soil group D = 0.407 
 [LOW DENSITY RESIDENTIAL                     ]  
 (1.0 DU/A or Less       )  
 Impervious value, Ai = 0.100 
 Sub-Area C Value = 0.380 
 Rainfall intensity =      4.307(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for total area 
 (Q=KCIA) is C = 0.377  CA =      1.057 
 Subarea runoff =      4.256(CFS) for      2.700(Ac.) 
 Total runoff =      4.552(CFS) Total area =       2.800(Ac.) 
 Depth of flow =   0.087(Ft.), Average velocity =   2.416(Ft/s) 
 Critical depth =      0.113(Ft.) 
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 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      103.000 to Point/Station      103.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 2 
 Stream flow area =      2.800(Ac.) 
 Runoff from this stream =      4.552(CFS) 
 Time of concentration =   18.11 min. 
 Rainfall intensity =     4.307(In/Hr) 
 Summary of stream data: 
 
 Stream   Flow rate      TC            Rainfall Intensity 
  No.       (CFS)       (min)                 (In/Hr) 
 
 
 1       40.845     14.37          5.001 
 2        4.552     18.11          4.307 
 Qmax(1) = 
     1.000 *    1.000 *    40.845) + 
     1.000 *    0.793 *     4.552) + =      44.456 
 Qmax(2) = 
     0.861 *    1.000 *    40.845) + 
     1.000 *    1.000 *     4.552) + =      39.727 
 
 Total of 2 streams to confluence: 
 Flow rates before confluence point: 
       40.845       4.552 
 Maximum flow rates at confluence using above data: 
        44.456       39.727 
 Area of streams before confluence: 
        21.500        2.800 
 Results of confluence: 
 Total flow rate =     44.456(CFS) 
 Time of concentration =    14.367 min. 
 Effective stream area after confluence =     24.300(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      103.000 to Point/Station      104.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1295.000(Ft.) 
 Downstream point/station elevation =  1294.500(Ft.) 
 Pipe length  =    12.00(Ft.) Slope =   0.0417  Manning's N = 0.024 
 No. of pipes = 1  Required pipe flow  =    44.456(CFS) 
 Nearest computed pipe diameter  =     30.00(In.) 
 Calculated individual pipe flow  =    44.456(CFS) 
 Normal flow depth in pipe =   24.09(In.) 
 Flow top width inside pipe =   23.86(In.) 
 Critical Depth =   26.60(In.) 
 Pipe flow velocity =     10.53(Ft/s) 
 Travel time through pipe =    0.02 min. 
 Time of concentration (TC) =    14.39 min. 
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 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      104.000 to Point/Station      104.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 1 
 Stream flow area =     24.300(Ac.) 
 Runoff from this stream =     44.456(CFS) 
 Time of concentration =   14.39 min. 
 Rainfall intensity =     4.997(In/Hr) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      150.000 to Point/Station      151.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 0.000 
 Decimal fraction soil group D = 1.000 
 [MEDIUM DENSITY RESIDENTIAL                  ]  
 (10.9 DU/A or Less      )  
 Impervious value, Ai = 0.450 
 Sub-Area C Value = 0.600 
 Initial subarea total flow distance  =   72.000(Ft.) 
 Highest elevation = 1299.000(Ft.) 
 Lowest elevation = 1298.000(Ft.) 
 Elevation difference =    1.000(Ft.) Slope =  1.389 % 
 INITIAL AREA TIME OF CONCENTRATION CALCULATIONS: 
 The maximum overland flow distance is 65.00 (Ft) 
 for the top area slope value of   1.38 %, in a development type of 
  10.9 DU/A or Less       
 In Accordance With Figure 3-3  
 Initial Area Time of Concentration =   6.52 minutes 
 TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)] 
 TC = [1.8*(1.1-0.6000)*(  65.000^.5)/(   1.380^(1/3)]=   6.52 
 Rainfall intensity (I) =      8.328(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.600 
 Subarea runoff =      0.500(CFS) 
 Total initial stream area =        0.100(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      151.000 to Point/Station      152.000 
 **** STREET FLOW TRAVEL TIME + SUBAREA FLOW ADDITION **** 
 ______________________________________________________________________ 
 Top of street segment elevation =  1298.000(Ft.) 
 End of street segment elevation =  1297.700(Ft.) 
 Length of street segment  =    36.500(Ft.) 
 Height of curb above gutter flowline  =    6.0(In.) 
 Width of half street (curb to crown)  =  41.000(Ft.) 
 Distance from crown to crossfall grade break  =  40.990(Ft.) 
 Slope from gutter to grade break (v/hz) =   0.020 
 Slope from grade break to crown (v/hz)  =   0.020 
 Street flow is on [1] side(s) of the street  
 Distance from curb to property line  =  10.000(Ft.) 
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 Slope from curb to property line (v/hz) =   0.020 
 Gutter width =   0.000(Ft.) 
 Gutter hike from flowline =  6.000(In.) 
  Manning's N in gutter =  0.0150 
  Manning's N from gutter to grade break =  0.0150 
  Manning's N from grade break to crown =  0.0130 
 Estimated mean flow rate at midpoint of street =      2.215(CFS) 
 Depth of flow =   0.661(Ft.), Average velocity =   1.711(Ft/s) 
 Warning: depth of flow exceeds top of curb 
 Distance that curb overflow reaches into property =    8.05(Ft.) 
 Streetflow hydraulics at midpoint of street travel: 
 Halfstreet flow width =   8.045(Ft.) 
 Flow velocity =   1.71(Ft/s) 
 Travel time =    0.36 min.     TC =    6.87  min. 
  Adding area flow to street 
 Rainfall intensity (I) =      8.047(In/Hr) for a   100.0 year storm 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 0.000 
 Decimal fraction soil group D = 1.000 
 [MEDIUM DENSITY RESIDENTIAL                  ]  
 (10.9 DU/A or Less      )  
 Impervious value, Ai = 0.450 
 Sub-Area C Value = 0.600 
 Rainfall intensity =      8.047(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for total area 
 (Q=KCIA) is C = 0.600  CA =      0.480 
 Subarea runoff =      3.363(CFS) for      0.700(Ac.) 
 Total runoff =      3.863(CFS) Total area =       0.800(Ac.) 
 Street flow at end of street =      3.863(CFS) 
 Half street flow at end of street =      3.863(CFS) 
 Depth of flow =   0.698(Ft.), Average velocity =   1.978(Ft/s) 
 Warning: depth of flow exceeds top of curb 
 Distance that curb overflow reaches into property =    9.88(Ft.) 
 Flow width (from curb towards crown)=   9.881(Ft.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      152.000 to Point/Station      104.000 
 **** PIPEFLOW TRAVEL TIME (User specified size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1295.200(Ft.) 
 Downstream point/station elevation =  1294.500(Ft.) 
 Pipe length  =   160.00(Ft.) Slope =   0.0044  Manning's N = 0.024 
 No. of pipes = 1  Required pipe flow  =     3.863(CFS) 
 Given pipe size =     18.00(In.) 
 NOTE: Normal flow is pressure flow in user selected pipe size. 
 The approximate hydraulic grade line above the pipe invert is 
      0.148(Ft.)  at the headworks or inlet of the pipe(s) 
  Pipe friction loss =      0.737(Ft.) 
  Minor friction loss =      0.111(Ft.) K-factor =   1.50 
 Pipe flow velocity =      2.19(Ft/s) 
 Travel time through pipe =    1.22 min. 
 Time of concentration (TC) =     8.09 min. 
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 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      104.000 to Point/Station      104.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 2 
 Stream flow area =      0.800(Ac.) 
 Runoff from this stream =      3.863(CFS) 
 Time of concentration =    8.09 min. 
 Rainfall intensity =     7.242(In/Hr) 
 Summary of stream data: 
 
 Stream   Flow rate      TC            Rainfall Intensity 
  No.       (CFS)       (min)                 (In/Hr) 
 
 
 1       44.456     14.39          4.997 
 2        3.863      8.09          7.242 
 Qmax(1) = 
     1.000 *    1.000 *    44.456) + 
     0.690 *    1.000 *     3.863) + =      47.121 
 Qmax(2) = 
     1.000 *    0.563 *    44.456) + 
     1.000 *    1.000 *     3.863) + =      28.871 
 
 Total of 2 streams to confluence: 
 Flow rates before confluence point: 
       44.456       3.863 
 Maximum flow rates at confluence using above data: 
        47.121       28.871 
 Area of streams before confluence: 
        24.300        0.800 
 Results of confluence: 
 Total flow rate =     47.121(CFS) 
 Time of concentration =    14.386 min. 
 Effective stream area after confluence =     25.100(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      104.000 to Point/Station      105.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1294.500(Ft.) 
 Downstream point/station elevation =  1288.700(Ft.) 
 Pipe length  =    96.00(Ft.) Slope =   0.0604  Manning's N = 0.024 
 No. of pipes = 1  Required pipe flow  =    47.121(CFS) 
 Nearest computed pipe diameter  =     30.00(In.) 
 Calculated individual pipe flow  =    47.121(CFS) 
 Normal flow depth in pipe =   21.49(In.) 
 Flow top width inside pipe =   27.04(In.) 
 Critical Depth =   27.12(In.) 
 Pipe flow velocity =     12.52(Ft/s) 
 Travel time through pipe =    0.13 min. 
 Time of concentration (TC) =    14.51 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
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 Process from Point/Station      105.000 to Point/Station      105.000 
 **** CONFLUENCE OF MAIN STREAMS **** 
 ______________________________________________________________________ 
 The following data inside Main Stream is listed: 
 In Main Stream number: 1  
 Stream flow area =     25.100(Ac.) 
 Runoff from this stream =     47.121(CFS) 
 Time of concentration =   14.51 min. 
 Rainfall intensity =     4.969(In/Hr) 
 Program is now starting with Main Stream No. 2 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      130.000 to Point/Station      131.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 1.000 
 Decimal fraction soil group D = 0.000 
 [MEDIUM DENSITY RESIDENTIAL                  ]  
 (10.9 DU/A or Less      )  
 Impervious value, Ai = 0.450 
 Sub-Area C Value = 0.570 
 Initial subarea total flow distance  =   60.000(Ft.) 
 Highest elevation = 1317.800(Ft.) 
 Lowest elevation = 1314.000(Ft.) 
 Elevation difference =    3.800(Ft.) Slope =  6.333 % 
 INITIAL AREA TIME OF CONCENTRATION CALCULATIONS: 
 The maximum overland flow distance is 100.00 (Ft) 
 for the top area slope value of   6.33 %, in a development type of 
  10.9 DU/A or Less       
 In Accordance With Figure 3-3  
 Initial Area Time of Concentration =   5.16 minutes 
 TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)] 
 TC = [1.8*(1.1-0.5700)*( 100.000^.5)/(   6.330^(1/3)]=   5.16 
 Rainfall intensity (I) =      9.685(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.570 
 Subarea runoff =      0.552(CFS) 
 Total initial stream area =        0.100(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      131.000 to Point/Station      132.000 
 **** STREET FLOW TRAVEL TIME + SUBAREA FLOW ADDITION **** 
 ______________________________________________________________________ 
 Top of street segment elevation =  1314.000(Ft.) 
 End of street segment elevation =  1297.000(Ft.) 
 Length of street segment  =   770.000(Ft.) 
 Height of curb above gutter flowline  =    6.0(In.) 
 Width of half street (curb to crown)  =  13.000(Ft.) 
 Distance from crown to crossfall grade break  =  11.500(Ft.) 
 Slope from gutter to grade break (v/hz) =   0.015 
 Slope from grade break to crown (v/hz)  =   0.015 
 Street flow is on [2] side(s) of the street  
 Distance from curb to property line  =  11.500(Ft.) 
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 Slope from curb to property line (v/hz) =   0.015 
 Gutter width =   1.500(Ft.) 
 Gutter hike from flowline =  0.270(In.) 
  Manning's N in gutter =  0.0150 
  Manning's N from gutter to grade break =  0.0150 
  Manning's N from grade break to crown =  0.0130 
 Estimated mean flow rate at midpoint of street =      9.295(CFS) 
 Depth of flow =   0.198(Ft.), Average velocity =   3.558(Ft/s) 
 Note:  depth of flow exceeds top of street crown. 
 Streetflow hydraulics at midpoint of street travel: 
 Halfstreet flow width =  13.000(Ft.) 
 Flow velocity =   3.56(Ft/s) 
 Travel time =    3.61 min.     TC =    8.76  min. 
  Adding area flow to street 
 Rainfall intensity (I) =      6.880(In/Hr) for a   100.0 year storm 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 0.756 
 Decimal fraction soil group D = 0.244 
 [MEDIUM DENSITY RESIDENTIAL                  ]  
 (10.9 DU/A or Less      )  
 Impervious value, Ai = 0.450 
 Sub-Area C Value = 0.577 
 Rainfall intensity =      6.880(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for total area 
 (Q=KCIA) is C = 0.577  CA =      2.597 
 Subarea runoff =     17.316(CFS) for      4.400(Ac.) 
 Total runoff =     17.868(CFS) Total area =       4.500(Ac.) 
 Street flow at end of street =     17.868(CFS) 
 Half street flow at end of street =      8.934(CFS) 
 Depth of flow =   0.246(Ft.), Average velocity =   4.613(Ft/s) 
 Note:  depth of flow exceeds top of street crown. 
 Flow width (from curb towards crown)=  13.000(Ft.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      132.000 to Point/Station      132.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 2 in normal stream number 1 
 Stream flow area =      4.500(Ac.) 
 Runoff from this stream =     17.868(CFS) 
 Time of concentration =    8.76 min. 
 Rainfall intensity =     6.880(In/Hr) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      140.000 to Point/Station      141.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 0.000 
 Decimal fraction soil group D = 1.000 
 [MEDIUM DENSITY RESIDENTIAL                  ]  
 (10.9 DU/A or Less      )  
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 Impervious value, Ai = 0.450 
 Sub-Area C Value = 0.600 
 Initial subarea total flow distance  =  127.000(Ft.) 
 Highest elevation = 1311.300(Ft.) 
 Lowest elevation = 1307.560(Ft.) 
 Elevation difference =    3.740(Ft.) Slope =  2.945 % 
 INITIAL AREA TIME OF CONCENTRATION CALCULATIONS: 
 The maximum overland flow distance is 90.00 (Ft) 
 for the top area slope value of   2.94 %, in a development type of 
  10.9 DU/A or Less       
 In Accordance With Figure 3-3  
 Initial Area Time of Concentration =   5.96 minutes 
 TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)] 
 TC = [1.8*(1.1-0.6000)*(  90.000^.5)/(   2.940^(1/3)]=   5.96 
 Rainfall intensity (I) =      8.822(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.600 
 Subarea runoff =      0.529(CFS) 
 Total initial stream area =        0.100(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      141.000 to Point/Station      132.000 
 **** STREET FLOW TRAVEL TIME + SUBAREA FLOW ADDITION **** 
 ______________________________________________________________________ 
 Top of street segment elevation =  1307.560(Ft.) 
 End of street segment elevation =  1297.000(Ft.) 
 Length of street segment  =   300.000(Ft.) 
 Height of curb above gutter flowline  =    6.0(In.) 
 Width of half street (curb to crown)  =  14.000(Ft.) 
 Distance from crown to crossfall grade break  =  12.500(Ft.) 
 Slope from gutter to grade break (v/hz) =   0.004 
 Slope from grade break to crown (v/hz)  =   0.020 
 Street flow is on [2] side(s) of the street  
 Distance from curb to property line  =  10.000(Ft.) 
 Slope from curb to property line (v/hz) =   0.015 
 Gutter width =   1.500(Ft.) 
 Gutter hike from flowline =  4.000(In.) 
  Manning's N in gutter =  0.0150 
  Manning's N from gutter to grade break =  0.0150 
  Manning's N from grade break to crown =  0.0130 
 Estimated mean flow rate at midpoint of street =      1.059(CFS) 
 Depth of flow =   0.244(Ft.), Average velocity =   3.948(Ft/s) 
 Streetflow hydraulics at midpoint of street travel: 
 Halfstreet flow width =   1.500(Ft.) 
 Flow velocity =   3.95(Ft/s) 
 Travel time =    1.27 min.     TC =    7.23  min. 
  Adding area flow to street 
 Rainfall intensity (I) =      7.791(In/Hr) for a   100.0 year storm 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 0.000 
 Decimal fraction soil group D = 1.000 
 [MEDIUM DENSITY RESIDENTIAL                  ]  
 (10.9 DU/A or Less      )  
 Impervious value, Ai = 0.450 
 Sub-Area C Value = 0.600 
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 Rainfall intensity =      7.791(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for total area 
 (Q=KCIA) is C = 0.600  CA =      0.180 
 Subarea runoff =      0.873(CFS) for      0.200(Ac.) 
 Total runoff =      1.402(CFS) Total area =       0.300(Ac.) 
 Street flow at end of street =      1.402(CFS) 
 Half street flow at end of street =      0.701(CFS) 
 Depth of flow =   0.271(Ft.), Average velocity =   4.236(Ft/s) 
 Flow width (from curb towards crown)=   1.500(Ft.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      132.000 to Point/Station      132.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 2 in normal stream number 2 
 Stream flow area =      0.300(Ac.) 
 Runoff from this stream =      1.402(CFS) 
 Time of concentration =    7.23 min. 
 Rainfall intensity =     7.791(In/Hr) 
 Summary of stream data: 
 
 Stream   Flow rate      TC            Rainfall Intensity 
  No.       (CFS)       (min)                 (In/Hr) 
 
 
 1       17.868      8.76          6.880 
 2        1.402      7.23          7.791 
 Qmax(1) = 
     1.000 *    1.000 *    17.868) + 
     0.883 *    1.000 *     1.402) + =      19.106 
 Qmax(2) = 
     1.000 *    0.825 *    17.868) + 
     1.000 *    1.000 *     1.402) + =      16.136 
 
 Total of 2 streams to confluence: 
 Flow rates before confluence point: 
       17.868       1.402 
 Maximum flow rates at confluence using above data: 
        19.106       16.136 
 Area of streams before confluence: 
         4.500        0.300 
 Results of confluence: 
 Total flow rate =     19.106(CFS) 
 Time of concentration =     8.764 min. 
 Effective stream area after confluence =      4.800(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      132.000 to Point/Station      122.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1292.700(Ft.) 
 Downstream point/station elevation =  1259.600(Ft.) 
 Pipe length  =    12.66(Ft.) Slope =   2.6145  Manning's N = 0.015 
 No. of pipes = 1  Required pipe flow  =    19.106(CFS) 
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 Nearest computed pipe diameter  =      9.00(In.) 
 Calculated individual pipe flow  =    19.106(CFS) 
 Normal flow depth in pipe =    6.22(In.) 
 Flow top width inside pipe =    8.31(In.) 
 Critical depth could not be calculated. 
 Pipe flow velocity =     58.60(Ft/s) 
 Travel time through pipe =    0.00 min. 
 Time of concentration (TC) =     8.77 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      122.000 to Point/Station      122.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 2 in normal stream number 1 
 Stream flow area =      4.800(Ac.) 
 Runoff from this stream =     19.106(CFS) 
 Time of concentration =    8.77 min. 
 Rainfall intensity =     6.878(In/Hr) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      120.000 to Point/Station      121.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 1.000 
 Decimal fraction soil group D = 0.000 
 [UNDISTURBED NATURAL TERRAIN                 ]  
 (Permanent Open Space   )  
 Impervious value, Ai = 0.000 
 Sub-Area C Value = 0.300 
 Initial subarea total flow distance  =  100.000(Ft.) 
 Highest elevation = 1340.000(Ft.) 
 Lowest elevation = 1325.000(Ft.) 
 Elevation difference =   15.000(Ft.) Slope = 15.000 % 
 INITIAL AREA TIME OF CONCENTRATION CALCULATIONS: 
 The maximum overland flow distance is 100.00 (Ft) 
 for the top area slope value of  15.00 %, in a development type of 
  Permanent Open Space    
 In Accordance With Figure 3-3  
 Initial Area Time of Concentration =   5.84 minutes 
 TC = [1.8*(1.1-C)*distance(Ft.)^.5)/(% slope^(1/3)] 
 TC = [1.8*(1.1-0.3000)*( 100.000^.5)/(  15.000^(1/3)]=   5.84 
 Rainfall intensity (I) =      8.940(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for area (Q=KCIA) is C = 0.300 
 Subarea runoff =      0.268(CFS) 
 Total initial stream area =        0.100(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      121.000 to Point/Station      122.000 
 **** STREET FLOW TRAVEL TIME + SUBAREA FLOW ADDITION **** 
 ______________________________________________________________________ 
 Top of street segment elevation =  1325.000(Ft.) 
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 End of street segment elevation =  1298.100(Ft.) 
 Length of street segment  =  1008.000(Ft.) 
 Height of curb above gutter flowline  =    6.0(In.) 
 Width of half street (curb to crown)  =  30.100(Ft.) 
 Distance from crown to crossfall grade break  =  28.600(Ft.) 
 Slope from gutter to grade break (v/hz) =   0.055 
 Slope from grade break to crown (v/hz)  =   0.020 
 Street flow is on [2] side(s) of the street  
 Distance from curb to property line  =  10.500(Ft.) 
 Slope from curb to property line (v/hz) =   0.500 
 Gutter width =   1.500(Ft.) 
 Gutter hike from flowline =  5.000(In.) 
  Manning's N in gutter =  0.0150 
  Manning's N from gutter to grade break =  0.0150 
  Manning's N from grade break to crown =  0.0130 
 Estimated mean flow rate at midpoint of street =      3.350(CFS) 
 Depth of flow =   0.466(Ft.), Average velocity =   3.744(Ft/s) 
 Streetflow hydraulics at midpoint of street travel: 
 Halfstreet flow width =   3.967(Ft.) 
 Flow velocity =   3.74(Ft/s) 
 Travel time =    4.49 min.     TC =   10.33  min. 
  Adding area flow to street 
 Rainfall intensity (I) =      6.189(In/Hr) for a   100.0 year storm 
 Decimal fraction soil group A = 0.000 
 Decimal fraction soil group B = 0.000 
 Decimal fraction soil group C = 0.930 
 Decimal fraction soil group D = 0.070 
 [MEDIUM DENSITY RESIDENTIAL                  ]  
 (10.9 DU/A or Less      )  
 Impervious value, Ai = 0.450 
 Sub-Area C Value = 0.572 
 Rainfall intensity =      6.189(In/Hr) for a   100.0 year storm 
 Effective runoff coefficient used for total area 
 (Q=KCIA) is C = 0.558  CA =      1.060 
 Subarea runoff =      6.290(CFS) for      1.800(Ac.) 
 Total runoff =      6.559(CFS) Total area =       1.900(Ac.) 
 Street flow at end of street =      6.559(CFS) 
 Half street flow at end of street =      3.279(CFS) 
 Depth of flow =   0.533(Ft.), Average velocity =   3.959(Ft/s) 
 Warning: depth of flow exceeds top of curb 
 Distance that curb overflow reaches into property =    0.07(Ft.) 
 Flow width (from curb towards crown)=   7.330(Ft.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      122.000 to Point/Station      122.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 2 in normal stream number 2 
 Stream flow area =      1.900(Ac.) 
 Runoff from this stream =      6.559(CFS) 
 Time of concentration =   10.33 min. 
 Rainfall intensity =     6.189(In/Hr) 
 Summary of stream data: 
 
 Stream   Flow rate      TC            Rainfall Intensity 
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  No.       (CFS)       (min)                 (In/Hr) 
 
 
 1       19.106      8.77          6.878 
 2        6.559     10.33          6.189 
 Qmax(1) = 
     1.000 *    1.000 *    19.106) + 
     1.000 *    0.849 *     6.559) + =      24.675 
 Qmax(2) = 
     0.900 *    1.000 *    19.106) + 
     1.000 *    1.000 *     6.559) + =      23.751 
 
 Total of 2 streams to confluence: 
 Flow rates before confluence point: 
       19.106       6.559 
 Maximum flow rates at confluence using above data: 
        24.675       23.751 
 Area of streams before confluence: 
         4.800        1.900 
 Results of confluence: 
 Total flow rate =     24.675(CFS) 
 Time of concentration =     8.767 min. 
 Effective stream area after confluence =      6.700(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      122.000 to Point/Station      105.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1292.500(Ft.) 
 Downstream point/station elevation =  1291.000(Ft.) 
 Pipe length  =   317.66(Ft.) Slope =   0.0047  Manning's N = 0.015 
 No. of pipes = 1  Required pipe flow  =    24.675(CFS) 
 Nearest computed pipe diameter  =     33.00(In.) 
 Calculated individual pipe flow  =    24.675(CFS) 
 Normal flow depth in pipe =   21.98(In.) 
 Flow top width inside pipe =   31.12(In.) 
 Critical Depth =   19.72(In.) 
 Pipe flow velocity =      5.87(Ft/s) 
 Travel time through pipe =    0.90 min. 
 Time of concentration (TC) =     9.67 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station      105.000 to Point/Station      105.000 
 **** CONFLUENCE OF MAIN STREAMS **** 
 ______________________________________________________________________ 
 The following data inside Main Stream is listed: 
 In Main Stream number: 2  
 Stream flow area =      6.700(Ac.) 
 Runoff from this stream =     24.675(CFS) 
 Time of concentration =    9.67 min. 
 Rainfall intensity =     6.457(In/Hr) 
 Summary of stream data: 
 
 Stream   Flow rate      TC            Rainfall Intensity 
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  No.       (CFS)       (min)                 (In/Hr) 
 
 
 1       47.121     14.51          4.969 
 2       24.675      9.67          6.457 
 Qmax(1) = 
     1.000 *    1.000 *    47.121) + 
     0.770 *    1.000 *    24.675) + =      66.109 
 Qmax(2) = 
     1.000 *    0.666 *    47.121) + 
     1.000 *    1.000 *    24.675) + =      56.068 
 
 Total of 2 main streams to confluence: 
 Flow rates before confluence point: 
       47.121      24.675 
 Maximum flow rates at confluence using above data: 
        66.109       56.068 
 Area of streams before confluence: 
        25.100        6.700 
 
 
 Results of confluence: 
 Total flow rate =     66.109(CFS) 
 Time of concentration =    14.514 min. 
 Effective stream area after confluence  =     31.800(Ac.) 
 End of computations, total study area =          31.800 (Ac.) 
 
 
 



 
 

Appendix D: HEC-1 Detention Calculations 












