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I. PURPOSE AND SCOPE 

The purpose of this study is to evaluate the drainage patterns and potential runoff for the 

Duke – State Street project. The project is redeveloping an industrial site within the City of 

Ontario. 

 

The scope of the study includes the following: 

1. Assess the preliminary grading and determine the drainage areas and patterns for the 

project site.  

2. Perform the post-project condition hydrology analyses for the overall project site 

utilizing the San Bernardino County Hydrology Manual. 

3. Develop a drainage concept plan that is consistent with the hydrology and storm drain 

Determine the necessary storm drain improvements to convey the post-project 

condition flow rate. 

4. Preparation of a hydrology and hydraulics report, which consists of hydrological and 

analytical results and exhibits. 

 

 

II. PROJECT SITE AND DRAINAGE AREA OVERVIEW 

 

Duke – State Street is a proposed industrial project in the City of Ontario. The project site is 

bounded by Bon View Avenue to the east, State Street to the south, Campus Avenue to the 

west, and railroad tracks to the north, see Figure 1. The project site is south of Emporia 

Street. The project site is approximately 16 acres. 

 

The project site is located within the City of Ontario’s Master Drainage Plan (MDP) 

watershed Area V, shown on Excerpt D. The proposed land use of industrial condition is 

consistent with the City of Ontario Land Use Plan, shown on Excerpt C. Based on the MDP 

hydrology map (Excerpt D), the project site is proposed to convey flows to a 42” storm drain 

system located along Bon View Avenue. The Bon View Avenue storm drain system 

discharges into the East State Street Storm Drain system located along State Street and 

Ontario Boulevard, see Figure 2. The Bon View Avenue storm drain and East State Street 

storm drain are MDP facilities as shown on the MDP existing facilities map, included as 

Excerpt E, and the MDP proposed facilities map, included as Excerpt F.  

 

The Duke – State Street project is proposed to discharge runoff into the Bon View Avenue 

storm drain. This is consistent with the City of Ontario Master Drainage Plan. The MDP 

storm drain facilities are designed for the ultimate land use. Therefore, the project does not 

need to mitigate for increased runoff. Furthermore, based on the County of San Bernardino 

Stormwater Facility Mapping Tool, the project is exempt from HCOC mitigation.  

 

The project site consists of one subsurface system for water quality storage and infiltration.  
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III. HYDROLOGY 
 

The San Bernardino County Hydrology Manual (Reference 1) was used to develop the 

hydrological parameters for the hydrology analyses. The rational method was used for the 

analyses and the computations were performed using the computer program developed by 

Civil Cadd/Civil Design.  

 

Rainfall depths were obtained from NOAA Atlas 14, included as Excerpt B. The rainfall 

depths used in the hydrology calculations are as follows: 

 

Storm Event & Duration Rainfall (inches) 

10-Year, 1-Hour 0.94 

100-Year, 1-Hour 1.42 

Slope of Intensity 0.6 

 

The existing soil classification for the project site consists of hydraulic Soil Groups “A” as 

shown in Excerpt A. Excerpt A is a Soils Map obtained from the National Resource 

Conservation Service Websoil Survey. An Antecedent Moisture Condition of II was used for 

10-year rational method calculations. An Antecedent Moisture Condition of III was used for 

100-year rational method calculations.   

 

A land cover type of “Commercial” was used for all areas within the project site which 

categorizes the watershed area as 90% impervious.  

 

The project site is 16.4 acres represented by Area A, see Exhibit A. Area A consists of ten 

sub-areas. A rational method analysis of Area A was performed for the 10-year and 100-year 

storm events. The results of the rational method are as follows:  

 

Area 10-Year 100- Year 

Tc (min) Q100 (ft3/s) Tc (min) Q100 (ft3/s) 

Area A 6.9 37.9 6.9 57.9 

 

The rational method hydrology calculations have been included in Appendix A. The rational 

method hydrology map has been included as Exhibit A.  
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IV. HYDRAULICS 
 

A drainage facilities map has been provided for the project site, see Exhibit B.  

 

The runoff from the project site is collected by inlets located within the project site. Runoff 

collected by the inlets is conveyed to Subsurface System 1 through Line A through Line K. 

Subsurface System 1 is designed to treat the water quality volume for the project site. Line 1 

is designed for the 100-year flow rate for the project site area and conveys flows from 

Subsurface System 1 to the Bon View Avenue storm drain. 

 

The storm drain systems were sized based on the 100-year flow rates per the rational method 

hydrology analysis. The FlowMaster program was used to calculate the capacity of pipes 

with a percent full of 75% or less to account for hydraulic losses. This calculation was 

performed for different pipe sizes. The resulting flow rates were used as maximum flow rates 

for a given pipe size. This information was used to size the proposed storm drain systems. 

The pipe sizing calculations are included in Appendix B.  

 

The water quality volume is 77,083 ft3 for the project site and Subsurface System 1 provides 

77,220 ft3 of storage volume. The subsurface system sizing calculation is included in 

Appendix C.  

 

V. FINDINGS 
 

The hydrology analysis evaluated the proposed industrial development to assess the drainage 

patterns and storm drain systems. It has been concluded that:  

1. The proposed land use of industrial for the project site is consistent with the City of 

Ontario Land Use Plan.  

2. The project site is located within the City of Ontario Master Drainage Plan, which is 

designed for the ultimate land use condition.  

3. The project will discharge into a City of Ontario Master Drainage Plan storm drain 

facility. Therefore the project does not need to mitigate for increased runoff.  

4. Based on the County of San Bernardino Stormwater Facilities Mapping Tool, the 

project site is exempt from HCOC mitigation.  

5. The proposed storm drain systems are sized to adequately convey the 100-year flow 

rates. 

6. The proposed subsurface system is sized to adequately treat the water quality volume 

emanating from the project site. 

 

 

VI. REFERENCES 
 

1. San Bernardino Flood Control Hydrology Manual, August 1986. 
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APPENDIX A.1: RATIONAL METHOD ANALYSIS, AREAS “A” – 10-YEAR EVENT 
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   San Bernardino County Rational Hydrology Program 

 

       (Hydrology Manual Date - August 1986) 

 

  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1989-2014 Version 9.0 

  Rational Hydrology Study        Date: 04/27/22 

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

 265.19.22 - DUKE - STATE STREET 

 AREA A - 10 YEAR STORM EVENT 

 RATIONAL METHOD ANALYSIS 

                                                                               

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

 

 

 Program License Serial Number 6279 

 

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

  *********   Hydrology Study Control Information ********** 

 

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

 Rational hydrology study storm event year is    10.0 

 Computed rainfall intensity: 

 Storm year =    10.00   1 hour rainfall =     0.940 (In.) 

 Slope used for rainfall intensity curve b =  0.6000 

 Soil antecedent moisture condition (AMC) = 2 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      101.000 to Point/Station      102.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   629.000(Ft.) 

 Top (of initial area) elevation =   984.000(Ft.) 

 Bottom (of initial area) elevation =   981.600(Ft.) 

 Difference in elevation =     2.400(Ft.) 

 Slope =    0.00382  s(%)=       0.38 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 

 Initial area time of concentration =   12.191 min. 

 Rainfall intensity =      2.446(In/Hr) for a    10.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.864 

 Subarea runoff =      5.072(CFS) 

 Total initial stream area =        2.400(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      102.000 to Point/Station      105.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 
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 Upstream point/station elevation =   976.900(Ft.) 

 Downstream point/station elevation =   974.900(Ft.) 

 Pipe length  =   409.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     5.072(CFS) 

 Nearest computed pipe diameter  =     18.00(In.) 

 Calculated individual pipe flow  =     5.072(CFS) 

 Normal flow depth in pipe =   10.99(In.) 

 Flow top width inside pipe =   17.55(In.) 

 Critical Depth =   10.39(In.) 

 Pipe flow velocity =      4.48(Ft/s) 

 Travel time through pipe =    1.52 min. 

 Time of concentration (TC) =    13.71 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      102.000 to Point/Station      105.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 1 in normal stream number 1 

 Stream flow area =      2.400(Ac.) 

 Runoff from this stream =      5.072(CFS) 

 Time of concentration =   13.71 min. 

 Rainfall intensity =     2.279(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      103.000 to Point/Station      104.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   584.000(Ft.) 

 Top (of initial area) elevation =   984.000(Ft.) 

 Bottom (of initial area) elevation =   978.000(Ft.) 

 Difference in elevation =     6.000(Ft.) 

 Slope =    0.01027  s(%)=       1.03 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 

 Initial area time of concentration =    9.707 min. 

 Rainfall intensity =      2.804(In/Hr) for a    10.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.869 

 Subarea runoff =      2.070(CFS) 

 Total initial stream area =        0.850(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      104.000 to Point/Station      105.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 

 Upstream point/station elevation =   975.000(Ft.) 
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 Downstream point/station elevation =   974.900(Ft.) 

 Pipe length  =     9.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     2.070(CFS) 

 Nearest computed pipe diameter  =     12.00(In.) 

 Calculated individual pipe flow  =     2.070(CFS) 

 Normal flow depth in pipe =    6.36(In.) 

 Flow top width inside pipe =   11.98(In.) 

 Critical Depth =    7.38(In.) 

 Pipe flow velocity =      4.90(Ft/s) 

 Travel time through pipe =    0.03 min. 

 Time of concentration (TC) =     9.74 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      104.000 to Point/Station      105.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 1 in normal stream number 2 

 Stream flow area =      0.850(Ac.) 

 Runoff from this stream =      2.070(CFS) 

 Time of concentration =    9.74 min. 

 Rainfall intensity =     2.799(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 Summary of stream data: 

 

 Stream Flow rate    Area    TC     Fm       Rainfall Intensity 

  No.    (CFS)   (Ac.)       (min) (In/Hr)     (In/Hr) 

 

 

 1      5.07     2.400     13.71    0.098      2.279 

 2      2.07     0.850      9.74    0.098      2.799 

 Qmax(1) = 

     1.000 *    1.000 *     5.072) + 

     0.808 *    1.000 *     2.070) + =       6.744 

 Qmax(2) = 

     1.238 *    0.710 *     5.072) + 

     1.000 *    1.000 *     2.070) + =       6.530 

 

 Total of 2 streams to confluence: 

 Flow rates before confluence point: 

        5.072       2.070 

 Maximum flow rates at confluence using above data: 

         6.744        6.530 

 Area of streams before confluence: 

         2.400        0.850 

 Effective area values after confluence: 

         3.250        2.555 

 Results of confluence: 

 Total flow rate =      6.744(CFS) 

 Time of concentration =    13.711 min. 

 Effective stream area after confluence =      3.250(Ac.) 

 Study area average Pervious fraction(Ap) =  0.100 

 Study area average soil loss rate(Fm) =    0.098(In/Hr) 

 Study area total (this main stream) =       3.25(Ac.) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      105.000 to Point/Station      108.000 
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 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 

 Upstream point/station elevation =   974.900(Ft.) 

 Downstream point/station elevation =   974.400(Ft.) 

 Pipe length  =    89.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     6.744(CFS) 

 Nearest computed pipe diameter  =     18.00(In.) 

 Calculated individual pipe flow  =     6.744(CFS) 

 Normal flow depth in pipe =   12.82(In.) 

 Flow top width inside pipe =   16.30(In.) 

 Critical Depth =   12.05(In.) 

 Pipe flow velocity =      5.01(Ft/s) 

 Travel time through pipe =    0.30 min. 

 Time of concentration (TC) =    14.01 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      105.000 to Point/Station      108.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 1 in normal stream number 1 

 Stream flow area =      3.250(Ac.) 

 Runoff from this stream =      6.744(CFS) 

 Time of concentration =   14.01 min. 

 Rainfall intensity =     2.250(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      106.000 to Point/Station      107.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   316.000(Ft.) 

 Top (of initial area) elevation =   984.000(Ft.) 

 Bottom (of initial area) elevation =   976.100(Ft.) 

 Difference in elevation =     7.900(Ft.) 

 Slope =    0.02500  s(%)=       2.50 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 

 Initial area time of concentration =    6.356 min. 

 Rainfall intensity =      3.615(In/Hr) for a    10.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.876 

 Subarea runoff =      4.020(CFS) 

 Total initial stream area =        1.270(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      107.000 to Point/Station      108.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
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 ______________________________________________________________________ 

 Upstream point/station elevation =   974.500(Ft.) 

 Downstream point/station elevation =   974.400(Ft.) 

 Pipe length  =     7.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     4.020(CFS) 

 Nearest computed pipe diameter  =     12.00(In.) 

 Calculated individual pipe flow  =     4.020(CFS) 

 Normal flow depth in pipe =    9.28(In.) 

 Flow top width inside pipe =   10.05(In.) 

 Critical Depth =   10.19(In.) 

 Pipe flow velocity =      6.17(Ft/s) 

 Travel time through pipe =    0.02 min. 

 Time of concentration (TC) =     6.37 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      107.000 to Point/Station      108.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 1 in normal stream number 2 

 Stream flow area =      1.270(Ac.) 

 Runoff from this stream =      4.020(CFS) 

 Time of concentration =    6.37 min. 

 Rainfall intensity =     3.609(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 Summary of stream data: 

 

 Stream Flow rate    Area    TC     Fm       Rainfall Intensity 

  No.    (CFS)   (Ac.)       (min) (In/Hr)     (In/Hr) 

 

 

 1      6.74     3.250     14.01    0.098      2.250 

 2      4.02     1.270      6.37    0.098      3.609 

 Qmax(1) = 

     1.000 *    1.000 *     6.744) + 

     0.613 *    1.000 *     4.020) + =       9.208 

 Qmax(2) = 

     1.631 *    0.455 *     6.744) + 

     1.000 *    1.000 *     4.020) + =       9.026 

 

 Total of 2 streams to confluence: 

 Flow rates before confluence point: 

        6.744       4.020 

 Maximum flow rates at confluence using above data: 

         9.208        9.026 

 Area of streams before confluence: 

         3.250        1.270 

 Effective area values after confluence: 

         4.520        2.749 

 Results of confluence: 

 Total flow rate =      9.208(CFS) 

 Time of concentration =    14.007 min. 

 Effective stream area after confluence =      4.520(Ac.) 

 Study area average Pervious fraction(Ap) =  0.100 

 Study area average soil loss rate(Fm) =    0.098(In/Hr) 

 Study area total (this main stream) =       4.52(Ac.) 
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 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      108.000 to Point/Station      125.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 

 Upstream point/station elevation =   974.400(Ft.) 

 Downstream point/station elevation =   970.000(Ft.) 

 Pipe length  =   215.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     9.208(CFS) 

 Nearest computed pipe diameter  =     15.00(In.) 

 Calculated individual pipe flow  =     9.208(CFS) 

 Normal flow depth in pipe =   12.23(In.) 

 Flow top width inside pipe =   11.63(In.) 

 Critical Depth =   13.95(In.) 

 Pipe flow velocity =      8.58(Ft/s) 

 Travel time through pipe =    0.42 min. 

 Time of concentration (TC) =    14.42 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      108.000 to Point/Station      125.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 1 in normal stream number 1 

 Stream flow area =      4.520(Ac.) 

 Runoff from this stream =      9.208(CFS) 

 Time of concentration =   14.42 min. 

 Rainfall intensity =     2.211(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      109.000 to Point/Station      110.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   381.000(Ft.) 

 Top (of initial area) elevation =   984.000(Ft.) 

 Bottom (of initial area) elevation =   975.800(Ft.) 

 Difference in elevation =     8.200(Ft.) 

 Slope =    0.02152  s(%)=       2.15 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 

 Initial area time of concentration =    7.058 min. 

 Rainfall intensity =      3.395(In/Hr) for a    10.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.874 

 Subarea runoff =      4.392(CFS) 

 Total initial stream area =        1.480(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
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 Process from Point/Station      110.000 to Point/Station      125.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 

 Upstream point/station elevation =   970.200(Ft.) 

 Downstream point/station elevation =   970.000(Ft.) 

 Pipe length  =    30.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     4.392(CFS) 

 Nearest computed pipe diameter  =     15.00(In.) 

 Calculated individual pipe flow  =     4.392(CFS) 

 Normal flow depth in pipe =   10.45(In.) 

 Flow top width inside pipe =   13.79(In.) 

 Critical Depth =   10.18(In.) 

 Pipe flow velocity =      4.81(Ft/s) 

 Travel time through pipe =    0.10 min. 

 Time of concentration (TC) =     7.16 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      110.000 to Point/Station      125.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 1 in normal stream number 2 

 Stream flow area =      1.480(Ac.) 

 Runoff from this stream =      4.392(CFS) 

 Time of concentration =    7.16 min. 

 Rainfall intensity =     3.365(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      112.000 to Point/Station      113.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   358.000(Ft.) 

 Top (of initial area) elevation =   984.000(Ft.) 

 Bottom (of initial area) elevation =   976.000(Ft.) 

 Difference in elevation =     8.000(Ft.) 

 Slope =    0.02235  s(%)=       2.23 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 

 Initial area time of concentration =    6.833 min. 

 Rainfall intensity =      3.462(In/Hr) for a    10.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.875 

 Subarea runoff =      6.115(CFS) 

 Total initial stream area =        2.020(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      113.000 to Point/Station      125.000 
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 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 

 Upstream point/station elevation =   970.200(Ft.) 

 Downstream point/station elevation =   970.000(Ft.) 

 Pipe length  =    30.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     6.115(CFS) 

 Nearest computed pipe diameter  =     18.00(In.) 

 Calculated individual pipe flow  =     6.115(CFS) 

 Normal flow depth in pipe =   11.24(In.) 

 Flow top width inside pipe =   17.43(In.) 

 Critical Depth =   11.46(In.) 

 Pipe flow velocity =      5.27(Ft/s) 

 Travel time through pipe =    0.09 min. 

 Time of concentration (TC) =     6.93 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      113.000 to Point/Station      125.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 1 in normal stream number 3 

 Stream flow area =      2.020(Ac.) 

 Runoff from this stream =      6.115(CFS) 

 Time of concentration =    6.93 min. 

 Rainfall intensity =     3.433(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      114.000 to Point/Station      115.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   338.000(Ft.) 

 Top (of initial area) elevation =   984.000(Ft.) 

 Bottom (of initial area) elevation =   976.000(Ft.) 

 Difference in elevation =     8.000(Ft.) 

 Slope =    0.02367  s(%)=       2.37 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 

 Initial area time of concentration =    6.601 min. 

 Rainfall intensity =      3.534(In/Hr) for a    10.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.875 

 Subarea runoff =      4.577(CFS) 

 Total initial stream area =        1.480(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      115.000 to Point/Station      125.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
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 ______________________________________________________________________ 

 Upstream point/station elevation =   970.200(Ft.) 

 Downstream point/station elevation =   970.000(Ft.) 

 Pipe length  =    30.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     4.577(CFS) 

 Nearest computed pipe diameter  =     15.00(In.) 

 Calculated individual pipe flow  =     4.577(CFS) 

 Normal flow depth in pipe =   10.80(In.) 

 Flow top width inside pipe =   13.47(In.) 

 Critical Depth =   10.41(In.) 

 Pipe flow velocity =      4.84(Ft/s) 

 Travel time through pipe =    0.10 min. 

 Time of concentration (TC) =     6.70 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      115.000 to Point/Station      125.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 1 in normal stream number 4 

 Stream flow area =      1.480(Ac.) 

 Runoff from this stream =      4.577(CFS) 

 Time of concentration =    6.70 min. 

 Rainfall intensity =     3.501(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      116.000 to Point/Station      117.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   370.000(Ft.) 

 Top (of initial area) elevation =   984.000(Ft.) 

 Bottom (of initial area) elevation =   976.700(Ft.) 

 Difference in elevation =     7.300(Ft.) 

 Slope =    0.01973  s(%)=       1.97 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 

 Initial area time of concentration =    7.098 min. 

 Rainfall intensity =      3.383(In/Hr) for a    10.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.874 

 Subarea runoff =      4.465(CFS) 

 Total initial stream area =        1.510(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      117.000 to Point/Station      125.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 
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 Upstream point/station elevation =   970.200(Ft.) 

 Downstream point/station elevation =   970.000(Ft.) 

 Pipe length  =    30.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     4.465(CFS) 

 Nearest computed pipe diameter  =     15.00(In.) 

 Calculated individual pipe flow  =     4.465(CFS) 

 Normal flow depth in pipe =   10.59(In.) 

 Flow top width inside pipe =   13.66(In.) 

 Critical Depth =   10.28(In.) 

 Pipe flow velocity =      4.82(Ft/s) 

 Travel time through pipe =    0.10 min. 

 Time of concentration (TC) =     7.20 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      117.000 to Point/Station      125.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 1 in normal stream number 5 

 Stream flow area =      1.510(Ac.) 

 Runoff from this stream =      4.465(CFS) 

 Time of concentration =    7.20 min. 

 Rainfall intensity =     3.354(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 Summary of stream data: 

 

 Stream Flow rate    Area    TC     Fm       Rainfall Intensity 

  No.    (CFS)   (Ac.)       (min) (In/Hr)     (In/Hr) 

 

 

 1      9.21     4.520     14.42    0.098      2.211 

 2      4.39     1.480      7.16    0.098      3.365 

 3      6.12     2.020      6.93    0.098      3.433 

 4      4.58     1.480      6.70    0.098      3.501 

 5      4.47     1.510      7.20    0.098      3.354 

 Qmax(1) = 

     1.000 *    1.000 *     9.208) + 

     0.647 *    1.000 *     4.392) + 

     0.634 *    1.000 *     6.115) + 

     0.621 *    1.000 *     4.577) + 

     0.649 *    1.000 *     4.465) + =      21.662 

 Qmax(2) = 

     1.546 *    0.496 *     9.208) + 

     1.000 *    1.000 *     4.392) + 

     0.980 *    1.000 *     6.115) + 

     0.960 *    1.000 *     4.577) + 

     1.003 *    0.994 *     4.465) + =      26.302 

 Qmax(3) = 

     1.578 *    0.480 *     9.208) + 

     1.021 *    0.967 *     4.392) + 

     1.000 *    1.000 *     6.115) + 

     0.980 *    1.000 *     4.577) + 

     1.024 *    0.962 *     4.465) + =      26.316 

 Qmax(4) = 

     1.611 *    0.465 *     9.208) + 

     1.042 *    0.936 *     4.392) + 

     1.020 *    0.968 *     6.115) + 

     1.000 *    1.000 *     4.577) + 
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     1.045 *    0.931 *     4.465) + =      26.136 

 Qmax(5) = 

     1.541 *    0.499 *     9.208) + 

     0.997 *    1.000 *     4.392) + 

     0.976 *    1.000 *     6.115) + 

     0.957 *    1.000 *     4.577) + 

     1.000 *    1.000 *     4.465) + =      26.276 

 

 Total of 5 streams to confluence: 

 Flow rates before confluence point: 

        9.208       4.392       6.115       4.577       4.465 

 Maximum flow rates at confluence using above data: 

        21.662       26.302       26.316       26.136       26.276 

 Area of streams before confluence: 

         4.520        1.480        2.020        1.480        1.510 

 Effective area values after confluence: 

        11.010        8.726        8.555        8.327        8.747 

 Results of confluence: 

 Total flow rate =     26.316(CFS) 

 Time of concentration =     6.927 min. 

 Effective stream area after confluence =      8.555(Ac.) 

 Study area average Pervious fraction(Ap) =  0.100 

 Study area average soil loss rate(Fm) =    0.098(In/Hr) 

 Study area total (this main stream) =      11.01(Ac.) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      117.000 to Point/Station      125.000 

 **** CONFLUENCE OF MAIN STREAMS **** 

 ______________________________________________________________________ 

 The following data inside Main Stream is listed: 

 In Main Stream number: 1 

 Stream flow area =      8.555(Ac.) 

 Runoff from this stream =     26.316(CFS) 

 Time of concentration =    6.93 min. 

 Rainfall intensity =     3.433(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 Program is now starting with Main Stream No. 2 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      118.000 to Point/Station      119.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   531.000(Ft.) 

 Top (of initial area) elevation =   984.000(Ft.) 

 Bottom (of initial area) elevation =   981.300(Ft.) 

 Difference in elevation =     2.700(Ft.) 

 Slope =    0.00508  s(%)=       0.51 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 
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 Initial area time of concentration =   10.756 min. 

 Rainfall intensity =      2.636(In/Hr) for a    10.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.867 

 Subarea runoff =      6.306(CFS) 

 Total initial stream area =        2.760(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      119.000 to Point/Station      122.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 

 Upstream point/station elevation =   979.100(Ft.) 

 Downstream point/station elevation =   975.400(Ft.) 

 Pipe length  =   730.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     6.306(CFS) 

 Nearest computed pipe diameter  =     18.00(In.) 

 Calculated individual pipe flow  =     6.306(CFS) 

 Normal flow depth in pipe =   12.67(In.) 

 Flow top width inside pipe =   16.44(In.) 

 Critical Depth =   11.66(In.) 

 Pipe flow velocity =      4.74(Ft/s) 

 Travel time through pipe =    2.56 min. 

 Time of concentration (TC) =    13.32 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      119.000 to Point/Station      122.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 2 in normal stream number 1 

 Stream flow area =      2.760(Ac.) 

 Runoff from this stream =      6.306(CFS) 

 Time of concentration =   13.32 min. 

 Rainfall intensity =     2.319(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      120.000 to Point/Station      121.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   295.000(Ft.) 

 Top (of initial area) elevation =   984.300(Ft.) 

 Bottom (of initial area) elevation =   982.300(Ft.) 

 Difference in elevation =     2.000(Ft.) 

 Slope =    0.00678  s(%)=       0.68 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 

 Initial area time of concentration =    8.027 min. 
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 Rainfall intensity =      3.143(In/Hr) for a    10.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.872 

 Subarea runoff =      1.398(CFS) 

 Total initial stream area =        0.510(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      121.000 to Point/Station      122.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 

 Upstream point/station elevation =   975.500(Ft.) 

 Downstream point/station elevation =   975.400(Ft.) 

 Pipe length  =    10.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     1.398(CFS) 

 Nearest computed pipe diameter  =      9.00(In.) 

 Calculated individual pipe flow  =     1.398(CFS) 

 Normal flow depth in pipe =    6.34(In.) 

 Flow top width inside pipe =    8.21(In.) 

 Critical Depth =    6.53(In.) 

 Pipe flow velocity =      4.20(Ft/s) 

 Travel time through pipe =    0.04 min. 

 Time of concentration (TC) =     8.07 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      121.000 to Point/Station      122.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 2 in normal stream number 2 

 Stream flow area =      0.510(Ac.) 

 Runoff from this stream =      1.398(CFS) 

 Time of concentration =    8.07 min. 

 Rainfall intensity =     3.133(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 Summary of stream data: 

 

 Stream Flow rate    Area    TC     Fm       Rainfall Intensity 

  No.    (CFS)   (Ac.)       (min) (In/Hr)     (In/Hr) 

 

 

 1      6.31     2.760     13.32    0.098      2.319 

 2      1.40     0.510      8.07    0.098      3.133 

 Qmax(1) = 

     1.000 *    1.000 *     6.306) + 

     0.732 *    1.000 *     1.398) + =       7.329 

 Qmax(2) = 

     1.367 *    0.606 *     6.306) + 

     1.000 *    1.000 *     1.398) + =       6.616 

 

 Total of 2 streams to confluence: 

 Flow rates before confluence point: 

        6.306       1.398 

 Maximum flow rates at confluence using above data: 

         7.329        6.616 

 Area of streams before confluence: 

         2.760        0.510 
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 Effective area values after confluence: 

         3.270        2.181 

 Results of confluence: 

 Total flow rate =      7.329(CFS) 

 Time of concentration =    13.321 min. 

 Effective stream area after confluence =      3.270(Ac.) 

 Study area average Pervious fraction(Ap) =  0.100 

 Study area average soil loss rate(Fm) =    0.098(In/Hr) 

 Study area total (this main stream) =       3.27(Ac.) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      122.000 to Point/Station      125.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 

 Upstream point/station elevation =   975.400(Ft.) 

 Downstream point/station elevation =   970.000(Ft.) 

 Pipe length  =   440.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     7.329(CFS) 

 Nearest computed pipe diameter  =     18.00(In.) 

 Calculated individual pipe flow  =     7.329(CFS) 

 Normal flow depth in pipe =   10.36(In.) 

 Flow top width inside pipe =   17.79(In.) 

 Critical Depth =   12.59(In.) 

 Pipe flow velocity =      6.96(Ft/s) 

 Travel time through pipe =    1.05 min. 

 Time of concentration (TC) =    14.37 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      122.000 to Point/Station      125.000 

 **** CONFLUENCE OF MAIN STREAMS **** 

 ______________________________________________________________________ 

 The following data inside Main Stream is listed: 

 In Main Stream number: 2 

 Stream flow area =      3.270(Ac.) 

 Runoff from this stream =      7.329(CFS) 

 Time of concentration =   14.37 min. 

 Rainfall intensity =     2.215(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 Program is now starting with Main Stream No. 3 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      123.000 to Point/Station      124.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   350.000(Ft.) 

 Top (of initial area) elevation =   984.000(Ft.) 

 Bottom (of initial area) elevation =   978.200(Ft.) 
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 Difference in elevation =     5.800(Ft.) 

 Slope =    0.01657  s(%)=       1.66 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 

 Initial area time of concentration =    7.188 min. 

 Rainfall intensity =      3.358(In/Hr) for a    10.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.874 

 Subarea runoff =      6.220(CFS) 

 Total initial stream area =        2.120(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      124.000 to Point/Station      125.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 

 Upstream point/station elevation =   970.600(Ft.) 

 Downstream point/station elevation =   970.000(Ft.) 

 Pipe length  =   120.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     6.220(CFS) 

 Nearest computed pipe diameter  =     18.00(In.) 

 Calculated individual pipe flow  =     6.220(CFS) 

 Normal flow depth in pipe =   12.61(In.) 

 Flow top width inside pipe =   16.49(In.) 

 Critical Depth =   11.57(In.) 

 Pipe flow velocity =      4.71(Ft/s) 

 Travel time through pipe =    0.42 min. 

 Time of concentration (TC) =     7.61 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      124.000 to Point/Station      125.000 

 **** CONFLUENCE OF MAIN STREAMS **** 

 ______________________________________________________________________ 

 The following data inside Main Stream is listed: 

 In Main Stream number: 3 

 Stream flow area =      2.120(Ac.) 

 Runoff from this stream =      6.220(CFS) 

 Time of concentration =    7.61 min. 

 Rainfall intensity =     3.244(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 Summary of stream data: 

 

 Stream Flow rate    Area    TC     Fm       Rainfall Intensity 

  No.    (CFS)   (Ac.)       (min) (In/Hr)     (In/Hr) 

 

 

 1     26.32     8.555      6.93    0.098      3.433 

 2      7.33     3.270     14.37    0.098      2.215 

 3      6.22     2.120      7.61    0.098      3.244 

 Qmax(1) = 

     1.000 *    1.000 *    26.316) + 

     1.575 *    0.482 *     7.329) + 

     1.060 *    0.910 *     6.220) + =      37.878 

 Qmax(2) = 

     0.635 *    1.000 *    26.316) + 

     1.000 *    1.000 *     7.329) + 

     0.673 *    1.000 *     6.220) + =      28.225 
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 Qmax(3) = 

     0.943 *    1.000 *    26.316) + 

     1.486 *    0.530 *     7.329) + 

     1.000 *    1.000 *     6.220) + =      36.811 

 

 Total of 3 main streams to confluence: 

 Flow rates before confluence point: 

       27.316       8.329       7.220 

 Maximum flow rates at confluence using above data: 

        37.878       28.225       36.811 

 Area of streams before confluence: 

         8.555        3.270        2.120 

 Effective area values after confluence: 

        12.060       13.945       12.407 

 

 

 Results of confluence: 

 Total flow rate =     37.878(CFS) 

 Time of concentration =     6.927 min. 

 Effective stream area after confluence  =     12.060(Ac.) 

 Study area average Pervious fraction(Ap) =  0.100 

 Study area average soil loss rate(Fm) =    0.098(In/Hr) 

 Study area total =      13.94(Ac.) 

 End of computations, Total Study Area =           16.40 (Ac.) 

 The following figures may  

 be used for a unit hydrograph study of the same area.  

 Note: These figures do not consider reduced effective area  

 effects caused by confluences in the rational equation.  

 

 Area averaged pervious area fraction(Ap) = 0.100  

 Area averaged SCS curve number =  32.0 
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   San Bernardino County Rational Hydrology Program 

 

       (Hydrology Manual Date - August 1986) 

 

  CIVILCADD/CIVILDESIGN  Engineering Software, (c) 1989-2014 Version 9.0 

  Rational Hydrology Study        Date: 04/27/22 

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

 265.19.22 - DUKE - STATE STREET 

 AREA A - 100 YEAR STORM EVENT 

 RATIONAL METHOD ANALYSIS 

                                                                               

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

 

 

 Program License Serial Number 6279 

 

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

  *********   Hydrology Study Control Information ********** 

 

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

 Rational hydrology study storm event year is   100.0 

 Computed rainfall intensity: 

 Storm year =   100.00   1 hour rainfall =     1.420 (In.) 

 Slope used for rainfall intensity curve b =  0.6000 

 Soil antecedent moisture condition (AMC) = 2 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      101.000 to Point/Station      102.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   629.000(Ft.) 

 Top (of initial area) elevation =   984.000(Ft.) 

 Bottom (of initial area) elevation =   981.600(Ft.) 

 Difference in elevation =     2.400(Ft.) 

 Slope =    0.00382  s(%)=       0.38 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 

 Initial area time of concentration =   12.191 min. 

 Rainfall intensity =      3.695(In/Hr) for a   100.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.876 

 Subarea runoff =      7.769(CFS) 

 Total initial stream area =        2.400(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      102.000 to Point/Station      105.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 
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 Upstream point/station elevation =   976.900(Ft.) 

 Downstream point/station elevation =   974.900(Ft.) 

 Pipe length  =   409.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     7.769(CFS) 

 Nearest computed pipe diameter  =     21.00(In.) 

 Calculated individual pipe flow  =     7.769(CFS) 

 Normal flow depth in pipe =   12.96(In.) 

 Flow top width inside pipe =   20.42(In.) 

 Critical Depth =   12.39(In.) 

 Pipe flow velocity =      4.99(Ft/s) 

 Travel time through pipe =    1.37 min. 

 Time of concentration (TC) =    13.56 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      102.000 to Point/Station      105.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 1 in normal stream number 1 

 Stream flow area =      2.400(Ac.) 

 Runoff from this stream =      7.769(CFS) 

 Time of concentration =   13.56 min. 

 Rainfall intensity =     3.466(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      103.000 to Point/Station      104.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   584.000(Ft.) 

 Top (of initial area) elevation =   984.000(Ft.) 

 Bottom (of initial area) elevation =   978.000(Ft.) 

 Difference in elevation =     6.000(Ft.) 

 Slope =    0.01027  s(%)=       1.03 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 

 Initial area time of concentration =    9.707 min. 

 Rainfall intensity =      4.236(In/Hr) for a   100.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.879 

 Subarea runoff =      3.166(CFS) 

 Total initial stream area =        0.850(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      104.000 to Point/Station      105.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 

 Upstream point/station elevation =   975.000(Ft.) 
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 Downstream point/station elevation =   974.900(Ft.) 

 Pipe length  =     9.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     3.166(CFS) 

 Nearest computed pipe diameter  =     12.00(In.) 

 Calculated individual pipe flow  =     3.166(CFS) 

 Normal flow depth in pipe =    8.44(In.) 

 Flow top width inside pipe =   10.97(In.) 

 Critical Depth =    9.14(In.) 

 Pipe flow velocity =      5.36(Ft/s) 

 Travel time through pipe =    0.03 min. 

 Time of concentration (TC) =     9.74 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      104.000 to Point/Station      105.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 1 in normal stream number 2 

 Stream flow area =      0.850(Ac.) 

 Runoff from this stream =      3.166(CFS) 

 Time of concentration =    9.74 min. 

 Rainfall intensity =     4.228(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 Summary of stream data: 

 

 Stream Flow rate    Area    TC     Fm       Rainfall Intensity 

  No.    (CFS)   (Ac.)       (min) (In/Hr)     (In/Hr) 

 

 

 1      7.77     2.400     13.56    0.098      3.466 

 2      3.17     0.850      9.74    0.098      4.228 

 Qmax(1) = 

     1.000 *    1.000 *     7.769) + 

     0.816 *    1.000 *     3.166) + =      10.351 

 Qmax(2) = 

     1.226 *    0.718 *     7.769) + 

     1.000 *    1.000 *     3.166) + =      10.006 

 

 Total of 2 streams to confluence: 

 Flow rates before confluence point: 

        7.769       3.166 

 Maximum flow rates at confluence using above data: 

        10.351       10.006 

 Area of streams before confluence: 

         2.400        0.850 

 Effective area values after confluence: 

         3.250        2.573 

 Results of confluence: 

 Total flow rate =     10.351(CFS) 

 Time of concentration =    13.558 min. 

 Effective stream area after confluence =      3.250(Ac.) 

 Study area average Pervious fraction(Ap) =  0.100 

 Study area average soil loss rate(Fm) =    0.098(In/Hr) 

 Study area total (this main stream) =       3.25(Ac.) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      105.000 to Point/Station      108.000 
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 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 

 Upstream point/station elevation =   974.900(Ft.) 

 Downstream point/station elevation =   974.400(Ft.) 

 Pipe length  =    89.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =    10.351(CFS) 

 Nearest computed pipe diameter  =     21.00(In.) 

 Calculated individual pipe flow  =    10.351(CFS) 

 Normal flow depth in pipe =   15.16(In.) 

 Flow top width inside pipe =   18.81(In.) 

 Critical Depth =   14.39(In.) 

 Pipe flow velocity =      5.56(Ft/s) 

 Travel time through pipe =    0.27 min. 

 Time of concentration (TC) =    13.82 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      105.000 to Point/Station      108.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 1 in normal stream number 1 

 Stream flow area =      3.250(Ac.) 

 Runoff from this stream =     10.351(CFS) 

 Time of concentration =   13.82 min. 

 Rainfall intensity =     3.426(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      106.000 to Point/Station      107.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   316.000(Ft.) 

 Top (of initial area) elevation =   984.000(Ft.) 

 Bottom (of initial area) elevation =   976.100(Ft.) 

 Difference in elevation =     7.900(Ft.) 

 Slope =    0.02500  s(%)=       2.50 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 

 Initial area time of concentration =    6.356 min. 

 Rainfall intensity =      5.461(In/Hr) for a   100.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.884 

 Subarea runoff =      6.130(CFS) 

 Total initial stream area =        1.270(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      107.000 to Point/Station      108.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
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 ______________________________________________________________________ 

 Upstream point/station elevation =   974.500(Ft.) 

 Downstream point/station elevation =   974.400(Ft.) 

 Pipe length  =     7.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     6.130(CFS) 

 Nearest computed pipe diameter  =     15.00(In.) 

 Calculated individual pipe flow  =     6.130(CFS) 

 Normal flow depth in pipe =   10.09(In.) 

 Flow top width inside pipe =   14.08(In.) 

 Critical Depth =   12.01(In.) 

 Pipe flow velocity =      6.98(Ft/s) 

 Travel time through pipe =    0.02 min. 

 Time of concentration (TC) =     6.37 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      107.000 to Point/Station      108.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 1 in normal stream number 2 

 Stream flow area =      1.270(Ac.) 

 Runoff from this stream =      6.130(CFS) 

 Time of concentration =    6.37 min. 

 Rainfall intensity =     5.453(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 Summary of stream data: 

 

 Stream Flow rate    Area    TC     Fm       Rainfall Intensity 

  No.    (CFS)   (Ac.)       (min) (In/Hr)     (In/Hr) 

 

 

 1     10.35     3.250     13.82    0.098      3.426 

 2      6.13     1.270      6.37    0.098      5.453 

 Qmax(1) = 

     1.000 *    1.000 *    10.351) + 

     0.622 *    1.000 *     6.130) + =      14.161 

 Qmax(2) = 

     1.609 *    0.461 *    10.351) + 

     1.000 *    1.000 *     6.130) + =      13.806 

 

 Total of 2 streams to confluence: 

 Flow rates before confluence point: 

       10.351       6.130 

 Maximum flow rates at confluence using above data: 

        14.161       13.806 

 Area of streams before confluence: 

         3.250        1.270 

 Effective area values after confluence: 

         4.520        2.768 

 Results of confluence: 

 Total flow rate =     14.161(CFS) 

 Time of concentration =    13.824 min. 

 Effective stream area after confluence =      4.520(Ac.) 

 Study area average Pervious fraction(Ap) =  0.100 

 Study area average soil loss rate(Fm) =    0.098(In/Hr) 

 Study area total (this main stream) =       4.52(Ac.) 
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 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      108.000 to Point/Station      125.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 

 Upstream point/station elevation =   974.400(Ft.) 

 Downstream point/station elevation =   970.000(Ft.) 

 Pipe length  =   215.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =    14.161(CFS) 

 Nearest computed pipe diameter  =     18.00(In.) 

 Calculated individual pipe flow  =    14.161(CFS) 

 Normal flow depth in pipe =   13.90(In.) 

 Flow top width inside pipe =   15.10(In.) 

 Critical Depth =   16.63(In.) 

 Pipe flow velocity =      9.67(Ft/s) 

 Travel time through pipe =    0.37 min. 

 Time of concentration (TC) =    14.19 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      108.000 to Point/Station      125.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 1 in normal stream number 1 

 Stream flow area =      4.520(Ac.) 

 Runoff from this stream =     14.161(CFS) 

 Time of concentration =   14.19 min. 

 Rainfall intensity =     3.372(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      109.000 to Point/Station      110.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   381.000(Ft.) 

 Top (of initial area) elevation =   984.000(Ft.) 

 Bottom (of initial area) elevation =   975.800(Ft.) 

 Difference in elevation =     8.200(Ft.) 

 Slope =    0.02152  s(%)=       2.15 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 

 Initial area time of concentration =    7.058 min. 

 Rainfall intensity =      5.128(In/Hr) for a   100.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.883 

 Subarea runoff =      6.701(CFS) 

 Total initial stream area =        1.480(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
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 Process from Point/Station      110.000 to Point/Station      125.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 

 Upstream point/station elevation =   970.200(Ft.) 

 Downstream point/station elevation =   970.000(Ft.) 

 Pipe length  =    30.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     6.701(CFS) 

 Nearest computed pipe diameter  =     18.00(In.) 

 Calculated individual pipe flow  =     6.701(CFS) 

 Normal flow depth in pipe =   11.98(In.) 

 Flow top width inside pipe =   16.99(In.) 

 Critical Depth =   12.02(In.) 

 Pipe flow velocity =      5.37(Ft/s) 

 Travel time through pipe =    0.09 min. 

 Time of concentration (TC) =     7.15 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      110.000 to Point/Station      125.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 1 in normal stream number 2 

 Stream flow area =      1.480(Ac.) 

 Runoff from this stream =      6.701(CFS) 

 Time of concentration =    7.15 min. 

 Rainfall intensity =     5.088(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      112.000 to Point/Station      113.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   358.000(Ft.) 

 Top (of initial area) elevation =   984.000(Ft.) 

 Bottom (of initial area) elevation =   976.000(Ft.) 

 Difference in elevation =     8.000(Ft.) 

 Slope =    0.02235  s(%)=       2.23 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 

 Initial area time of concentration =    6.833 min. 

 Rainfall intensity =      5.229(In/Hr) for a   100.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.883 

 Subarea runoff =      9.329(CFS) 

 Total initial stream area =        2.020(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      113.000 to Point/Station      125.000 
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 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 

 Upstream point/station elevation =   970.200(Ft.) 

 Downstream point/station elevation =   970.000(Ft.) 

 Pipe length  =    30.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     9.329(CFS) 

 Nearest computed pipe diameter  =     21.00(In.) 

 Calculated individual pipe flow  =     9.329(CFS) 

 Normal flow depth in pipe =   13.21(In.) 

 Flow top width inside pipe =   20.29(In.) 

 Critical Depth =   13.63(In.) 

 Pipe flow velocity =      5.86(Ft/s) 

 Travel time through pipe =    0.09 min. 

 Time of concentration (TC) =     6.92 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      113.000 to Point/Station      125.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 1 in normal stream number 3 

 Stream flow area =      2.020(Ac.) 

 Runoff from this stream =      9.329(CFS) 

 Time of concentration =    6.92 min. 

 Rainfall intensity =     5.190(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      114.000 to Point/Station      115.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   338.000(Ft.) 

 Top (of initial area) elevation =   984.000(Ft.) 

 Bottom (of initial area) elevation =   976.000(Ft.) 

 Difference in elevation =     8.000(Ft.) 

 Slope =    0.02367  s(%)=       2.37 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 

 Initial area time of concentration =    6.601 min. 

 Rainfall intensity =      5.338(In/Hr) for a   100.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.884 

 Subarea runoff =      6.981(CFS) 

 Total initial stream area =        1.480(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      115.000 to Point/Station      125.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
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 ______________________________________________________________________ 

 Upstream point/station elevation =   970.200(Ft.) 

 Downstream point/station elevation =   970.000(Ft.) 

 Pipe length  =    30.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     6.981(CFS) 

 Nearest computed pipe diameter  =     18.00(In.) 

 Calculated individual pipe flow  =     6.981(CFS) 

 Normal flow depth in pipe =   12.33(In.) 

 Flow top width inside pipe =   16.72(In.) 

 Critical Depth =   12.28(In.) 

 Pipe flow velocity =      5.41(Ft/s) 

 Travel time through pipe =    0.09 min. 

 Time of concentration (TC) =     6.69 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      115.000 to Point/Station      125.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 1 in normal stream number 4 

 Stream flow area =      1.480(Ac.) 

 Runoff from this stream =      6.981(CFS) 

 Time of concentration =    6.69 min. 

 Rainfall intensity =     5.294(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      116.000 to Point/Station      117.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   370.000(Ft.) 

 Top (of initial area) elevation =   984.000(Ft.) 

 Bottom (of initial area) elevation =   976.700(Ft.) 

 Difference in elevation =     7.300(Ft.) 

 Slope =    0.01973  s(%)=       1.97 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 

 Initial area time of concentration =    7.098 min. 

 Rainfall intensity =      5.111(In/Hr) for a   100.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.883 

 Subarea runoff =      6.813(CFS) 

 Total initial stream area =        1.510(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      117.000 to Point/Station      125.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 
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 Upstream point/station elevation =   970.200(Ft.) 

 Downstream point/station elevation =   970.000(Ft.) 

 Pipe length  =    30.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     6.813(CFS) 

 Nearest computed pipe diameter  =     18.00(In.) 

 Calculated individual pipe flow  =     6.813(CFS) 

 Normal flow depth in pipe =   12.12(In.) 

 Flow top width inside pipe =   16.89(In.) 

 Critical Depth =   12.12(In.) 

 Pipe flow velocity =      5.39(Ft/s) 

 Travel time through pipe =    0.09 min. 

 Time of concentration (TC) =     7.19 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      117.000 to Point/Station      125.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 1 in normal stream number 5 

 Stream flow area =      1.510(Ac.) 

 Runoff from this stream =      6.813(CFS) 

 Time of concentration =    7.19 min. 

 Rainfall intensity =     5.071(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 Summary of stream data: 

 

 Stream Flow rate    Area    TC     Fm       Rainfall Intensity 

  No.    (CFS)   (Ac.)       (min) (In/Hr)     (In/Hr) 

 

 

 1     14.16     4.520     14.19    0.098      3.372 

 2      6.70     1.480      7.15    0.098      5.088 

 3      9.33     2.020      6.92    0.098      5.190 

 4      6.98     1.480      6.69    0.098      5.294 

 5      6.81     1.510      7.19    0.098      5.071 

 Qmax(1) = 

     1.000 *    1.000 *    14.161) + 

     0.656 *    1.000 *     6.701) + 

     0.643 *    1.000 *     9.329) + 

     0.630 *    1.000 *     6.981) + 

     0.658 *    1.000 *     6.813) + =      33.439 

 Qmax(2) = 

     1.524 *    0.504 *    14.161) + 

     1.000 *    1.000 *     6.701) + 

     0.980 *    1.000 *     9.329) + 

     0.960 *    1.000 *     6.981) + 

     1.003 *    0.994 *     6.813) + =      40.217 

 Qmax(3) = 

     1.555 *    0.487 *    14.161) + 

     1.020 *    0.967 *     6.701) + 

     1.000 *    1.000 *     9.329) + 

     0.980 *    1.000 *     6.981) + 

     1.024 *    0.962 *     6.813) + =      40.230 

 Qmax(4) = 

     1.587 *    0.472 *    14.161) + 

     1.041 *    0.936 *     6.701) + 

     1.020 *    0.968 *     9.329) + 

     1.000 *    1.000 *     6.981) + 



 

11 

 

     1.045 *    0.931 *     6.813) + =      39.944 

 Qmax(5) = 

     1.519 *    0.507 *    14.161) + 

     0.997 *    1.000 *     6.701) + 

     0.977 *    1.000 *     9.329) + 

     0.957 *    1.000 *     6.981) + 

     1.000 *    1.000 *     6.813) + =      40.179 

 

 Total of 5 streams to confluence: 

 Flow rates before confluence point: 

       14.161       6.701       9.329       6.981       6.813 

 Maximum flow rates at confluence using above data: 

        33.439       40.217       40.230       39.944       40.179 

 Area of streams before confluence: 

         4.520        1.480        2.020        1.480        1.510 

 Effective area values after confluence: 

        11.010        8.759        8.587        8.357        8.780 

 Results of confluence: 

 Total flow rate =     40.230(CFS) 

 Time of concentration =     6.918 min. 

 Effective stream area after confluence =      8.587(Ac.) 

 Study area average Pervious fraction(Ap) =  0.100 

 Study area average soil loss rate(Fm) =    0.098(In/Hr) 

 Study area total (this main stream) =      11.01(Ac.) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      117.000 to Point/Station      125.000 

 **** CONFLUENCE OF MAIN STREAMS **** 

 ______________________________________________________________________ 

 The following data inside Main Stream is listed: 

 In Main Stream number: 1 

 Stream flow area =      8.587(Ac.) 

 Runoff from this stream =     40.230(CFS) 

 Time of concentration =    6.92 min. 

 Rainfall intensity =     5.190(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 Program is now starting with Main Stream No. 2 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      118.000 to Point/Station      119.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   531.000(Ft.) 

 Top (of initial area) elevation =   984.000(Ft.) 

 Bottom (of initial area) elevation =   981.300(Ft.) 

 Difference in elevation =     2.700(Ft.) 

 Slope =    0.00508  s(%)=       0.51 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 
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 Initial area time of concentration =   10.756 min. 

 Rainfall intensity =      3.983(In/Hr) for a   100.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.878 

 Subarea runoff =      9.650(CFS) 

 Total initial stream area =        2.760(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      119.000 to Point/Station      122.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 

 Upstream point/station elevation =   979.100(Ft.) 

 Downstream point/station elevation =   975.400(Ft.) 

 Pipe length  =   730.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     9.650(CFS) 

 Nearest computed pipe diameter  =     21.00(In.) 

 Calculated individual pipe flow  =     9.650(CFS) 

 Normal flow depth in pipe =   14.95(In.) 

 Flow top width inside pipe =   19.02(In.) 

 Critical Depth =   13.86(In.) 

 Pipe flow velocity =      5.27(Ft/s) 

 Travel time through pipe =    2.31 min. 

 Time of concentration (TC) =    13.06 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      119.000 to Point/Station      122.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 2 in normal stream number 1 

 Stream flow area =      2.760(Ac.) 

 Runoff from this stream =      9.650(CFS) 

 Time of concentration =   13.06 min. 

 Rainfall intensity =     3.544(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      120.000 to Point/Station      121.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   295.000(Ft.) 

 Top (of initial area) elevation =   984.300(Ft.) 

 Bottom (of initial area) elevation =   982.300(Ft.) 

 Difference in elevation =     2.000(Ft.) 

 Slope =    0.00678  s(%)=       0.68 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 

 Initial area time of concentration =    8.027 min. 
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 Rainfall intensity =      4.747(In/Hr) for a   100.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.881 

 Subarea runoff =      2.134(CFS) 

 Total initial stream area =        0.510(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      121.000 to Point/Station      122.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 

 Upstream point/station elevation =   975.500(Ft.) 

 Downstream point/station elevation =   975.400(Ft.) 

 Pipe length  =    10.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     2.134(CFS) 

 Nearest computed pipe diameter  =     12.00(In.) 

 Calculated individual pipe flow  =     2.134(CFS) 

 Normal flow depth in pipe =    6.69(In.) 

 Flow top width inside pipe =   11.92(In.) 

 Critical Depth =    7.49(In.) 

 Pipe flow velocity =      4.74(Ft/s) 

 Travel time through pipe =    0.04 min. 

 Time of concentration (TC) =     8.06 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      121.000 to Point/Station      122.000 

 **** CONFLUENCE OF MINOR STREAMS **** 

 ______________________________________________________________________ 

 Along Main Stream number: 2 in normal stream number 2 

 Stream flow area =      0.510(Ac.) 

 Runoff from this stream =      2.134(CFS) 

 Time of concentration =    8.06 min. 

 Rainfall intensity =     4.735(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 Summary of stream data: 

 

 Stream Flow rate    Area    TC     Fm       Rainfall Intensity 

  No.    (CFS)   (Ac.)       (min) (In/Hr)     (In/Hr) 

 

 

 1      9.65     2.760     13.06    0.098      3.544 

 2      2.13     0.510      8.06    0.098      4.735 

 Qmax(1) = 

     1.000 *    1.000 *     9.650) + 

     0.743 *    1.000 *     2.134) + =      11.236 

 Qmax(2) = 

     1.345 *    0.617 *     9.650) + 

     1.000 *    1.000 *     2.134) + =      10.147 

 

 Total of 2 streams to confluence: 

 Flow rates before confluence point: 

        9.650       2.134 

 Maximum flow rates at confluence using above data: 

        11.236       10.147 

 Area of streams before confluence: 

         2.760        0.510 
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 Effective area values after confluence: 

         3.270        2.213 

 Results of confluence: 

 Total flow rate =     11.236(CFS) 

 Time of concentration =    13.065 min. 

 Effective stream area after confluence =      3.270(Ac.) 

 Study area average Pervious fraction(Ap) =  0.100 

 Study area average soil loss rate(Fm) =    0.098(In/Hr) 

 Study area total (this main stream) =       3.27(Ac.) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      122.000 to Point/Station      125.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 

 Upstream point/station elevation =   975.400(Ft.) 

 Downstream point/station elevation =   970.000(Ft.) 

 Pipe length  =   440.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =    11.236(CFS) 

 Nearest computed pipe diameter  =     18.00(In.) 

 Calculated individual pipe flow  =    11.236(CFS) 

 Normal flow depth in pipe =   14.23(In.) 

 Flow top width inside pipe =   14.65(In.) 

 Critical Depth =   15.37(In.) 

 Pipe flow velocity =      7.50(Ft/s) 

 Travel time through pipe =    0.98 min. 

 Time of concentration (TC) =    14.04 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      122.000 to Point/Station      125.000 

 **** CONFLUENCE OF MAIN STREAMS **** 

 ______________________________________________________________________ 

 The following data inside Main Stream is listed: 

 In Main Stream number: 2 

 Stream flow area =      3.270(Ac.) 

 Runoff from this stream =     11.236(CFS) 

 Time of concentration =   14.04 min. 

 Rainfall intensity =     3.394(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 Program is now starting with Main Stream No. 3 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      123.000 to Point/Station      124.000 

 **** INITIAL AREA EVALUATION **** 

 ______________________________________________________________________ 

 COMMERCIAL subarea type                      

 Decimal fraction soil group A = 1.000 

 Decimal fraction soil group B = 0.000 

 Decimal fraction soil group C = 0.000 

 Decimal fraction soil group D = 0.000 

 SCS curve number for soil(AMC 2)  = 32.00 

 Pervious ratio(Ap) = 0.1000     Max loss rate(Fm)=     0.098(In/Hr) 

 Initial subarea data: 

 Initial area flow distance =   350.000(Ft.) 

 Top (of initial area) elevation =   984.000(Ft.) 

 Bottom (of initial area) elevation =   978.200(Ft.) 
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 Difference in elevation =     5.800(Ft.) 

 Slope =    0.01657  s(%)=       1.66 

 TC = k(0.304)*[(length^3)/(elevation change)]^0.2 

 Initial area time of concentration =    7.188 min. 

 Rainfall intensity =      5.072(In/Hr) for a   100.0 year storm 

 Effective runoff coefficient used for area (Q=KCIA) is C = 0.883 

 Subarea runoff =      9.491(CFS) 

 Total initial stream area =        2.120(Ac.) 

 Pervious area fraction = 0.100 

 Initial area Fm value =    0.098(In/Hr) 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      124.000 to Point/Station      125.000 

 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 

 ______________________________________________________________________ 

 Upstream point/station elevation =   970.600(Ft.) 

 Downstream point/station elevation =   970.000(Ft.) 

 Pipe length  =   120.00(Ft.)   Manning's N = 0.013 

 No. of pipes = 1  Required pipe flow  =     9.491(CFS) 

 Nearest computed pipe diameter  =     21.00(In.) 

 Calculated individual pipe flow  =     9.491(CFS) 

 Normal flow depth in pipe =   14.84(In.) 

 Flow top width inside pipe =   19.13(In.) 

 Critical Depth =   13.76(In.) 

 Pipe flow velocity =      5.23(Ft/s) 

 Travel time through pipe =    0.38 min. 

 Time of concentration (TC) =     7.57 min. 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

 Process from Point/Station      124.000 to Point/Station      125.000 

 **** CONFLUENCE OF MAIN STREAMS **** 

 ______________________________________________________________________ 

 The following data inside Main Stream is listed: 

 In Main Stream number: 3 

 Stream flow area =      2.120(Ac.) 

 Runoff from this stream =      9.491(CFS) 

 Time of concentration =    7.57 min. 

 Rainfall intensity =     4.917(In/Hr) 

 Area averaged loss rate (Fm) =    0.0978(In/Hr) 

 Area averaged Pervious ratio (Ap) = 0.1000 

 Summary of stream data: 

 

 Stream Flow rate    Area    TC     Fm       Rainfall Intensity 

  No.    (CFS)   (Ac.)       (min) (In/Hr)     (In/Hr) 

 

 

 1     40.23     8.587      6.92    0.098      5.190 

 2     11.24     3.270     14.04    0.098      3.394 

 3      9.49     2.120      7.57    0.098      4.917 

 Qmax(1) = 

     1.000 *    1.000 *    40.230) + 

     1.545 *    0.493 *    11.236) + 

     1.057 *    0.914 *     9.491) + =      57.947 

 Qmax(2) = 

     0.647 *    1.000 *    40.230) + 

     1.000 *    1.000 *    11.236) + 

     0.684 *    1.000 *     9.491) + =      43.768 
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 Qmax(3) = 

     0.946 *    1.000 *    40.230) + 

     1.462 *    0.539 *    11.236) + 

     1.000 *    1.000 *     9.491) + =      56.418 

 

 Total of 3 main streams to confluence: 

 Flow rates before confluence point: 

       41.230      12.236      10.491 

 Maximum flow rates at confluence using above data: 

        57.947       43.768       56.418 

 Area of streams before confluence: 

         8.587        3.270        2.120 

 Effective area values after confluence: 

        12.135       13.977       12.470 

 

 

 Results of confluence: 

 Total flow rate =     57.947(CFS) 

 Time of concentration =     6.918 min. 

 Effective stream area after confluence  =     12.135(Ac.) 

 Study area average Pervious fraction(Ap) =  0.100 

 Study area average soil loss rate(Fm) =    0.098(In/Hr) 

 Study area total =      13.98(Ac.) 

 End of computations, Total Study Area =           16.40 (Ac.) 

 The following figures may  

 be used for a unit hydrograph study of the same area.  

 Note: These figures do not consider reduced effective area  

 effects caused by confluences in the rational equation.  

 

 Area averaged pervious area fraction(Ap) = 0.100  

 Area averaged SCS curve number =  32.0 
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APPENDIX B.1: 75% FLOW CAPACITY FOR 18” PIPE 



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.00500 ft/ft

Diameter 1.50 ft

Discharge 6.70 ft³/s

Results

Normal Depth 1.11 ft

Flow Area 1.41 ft²

Wetted Perimeter 3.12 ft

Hydraulic Radius 0.45 ft

Top Width 1.31 ft

Critical Depth 1.00 ft

Percent Full 74.3 %

Critical Slope 0.00659 ft/ft

Velocity 4.76 ft/s

Velocity Head 0.35 ft

Specific Energy 1.47 ft

Froude Number 0.81

Maximum Discharge 7.99 ft³/s

Discharge Full 7.43 ft³/s

Slope Full 0.00407 ft/ft

Flow Type SubCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 74.31 %

Downstream Velocity Infinity ft/s

Worksheet for Circular Pipe - 75% for 18"

4/27/2022 10:14:40 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 1.11 ft

Critical Depth 1.00 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00659 ft/ft

Messages

Notes

265.19.22 Duke & State Street
Storm Drain System Sizing for Preliminary Study

Worksheet for Circular Pipe - 75% for 18"

4/27/2022 10:14:40 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



 

 

APPENDIX B.2: 75% FLOW CAPACITY FOR 24” PIPE 



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.00500 ft/ft

Diameter 2.00 ft

Discharge 14.50 ft³/s

Results

Normal Depth 1.49 ft

Flow Area 2.51 ft²

Wetted Perimeter 4.17 ft

Hydraulic Radius 0.60 ft

Top Width 1.74 ft

Critical Depth 1.37 ft

Percent Full 74.6 %

Critical Slope 0.00618 ft/ft

Velocity 5.77 ft/s

Velocity Head 0.52 ft

Specific Energy 2.01 ft

Froude Number 0.85

Maximum Discharge 17.21 ft³/s

Discharge Full 16.00 ft³/s

Slope Full 0.00411 ft/ft

Flow Type SubCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 74.62 %

Downstream Velocity Infinity ft/s

Worksheet for Circular Pipe - 75% for 24"

4/27/2022 10:15:33 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 1.49 ft

Critical Depth 1.37 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00618 ft/ft

Messages

Notes

265.19.22 Duke & State Street
Storm Drain System Sizing for Preliminary Study

Worksheet for Circular Pipe - 75% for 24"

4/27/2022 10:15:33 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



 

 

APPENDIX B.3: 75% FLOW CAPACITY FOR 30” PIPE 



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.00500 ft/ft

Diameter 2.50 ft

Discharge 26.40 ft³/s

Results

Normal Depth 1.87 ft

Flow Area 3.94 ft²

Wetted Perimeter 5.23 ft

Hydraulic Radius 0.75 ft

Top Width 2.17 ft

Critical Depth 1.75 ft

Percent Full 74.9 %

Critical Slope 0.00590 ft/ft

Velocity 6.69 ft/s

Velocity Head 0.70 ft

Specific Energy 2.57 ft

Froude Number 0.88

Maximum Discharge 31.20 ft³/s

Discharge Full 29.00 ft³/s

Slope Full 0.00414 ft/ft

Flow Type SubCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 74.89 %

Downstream Velocity Infinity ft/s

Worksheet for Circular Pipe - 75% for 30"

4/27/2022 10:15:49 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 1.87 ft

Critical Depth 1.75 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00590 ft/ft

Messages

Notes

265.19.22 Duke & State Street
Storm Drain System Sizing for Preliminary Study

Worksheet for Circular Pipe - 75% for 30"

4/27/2022 10:15:49 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



 

 

APPENDIX B.4: 75% FLOW CAPACITY FOR 36” PIPE 



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.00500 ft/ft

Diameter 3.00 ft

Discharge 42.90 ft³/s

Results

Normal Depth 2.25 ft

Flow Area 5.67 ft²

Wetted Perimeter 6.27 ft

Hydraulic Radius 0.90 ft

Top Width 2.60 ft

Critical Depth 2.13 ft

Percent Full 74.8 %

Critical Slope 0.00566 ft/ft

Velocity 7.56 ft/s

Velocity Head 0.89 ft

Specific Energy 3.13 ft

Froude Number 0.90

Maximum Discharge 50.73 ft³/s

Discharge Full 47.16 ft³/s

Slope Full 0.00414 ft/ft

Flow Type SubCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 74.84 %

Downstream Velocity Infinity ft/s

Worksheet for Circular Pipe - 75% for 36"

4/27/2022 10:16:07 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 2.25 ft

Critical Depth 2.13 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00566 ft/ft

Messages

Notes

265.19.22 Duke & State Street
Storm Drain System Sizing for Preliminary Study

Worksheet for Circular Pipe - 75% for 36"

4/27/2022 10:16:07 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



 

 

APPENDIX B.5: 75% FLOW CAPACITY FOR 42” PIPE 



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.013

Channel Slope 0.00500 ft/ft

Diameter 3.50 ft

Discharge 64.80 ft³/s

Results

Normal Depth 2.62 ft

Flow Area 7.73 ft²

Wetted Perimeter 7.33 ft

Hydraulic Radius 1.06 ft

Top Width 3.03 ft

Critical Depth 2.52 ft

Percent Full 74.9 %

Critical Slope 0.00549 ft/ft

Velocity 8.38 ft/s

Velocity Head 1.09 ft

Specific Energy 3.71 ft

Froude Number 0.93

Maximum Discharge 76.52 ft³/s

Discharge Full 71.14 ft³/s

Slope Full 0.00415 ft/ft

Flow Type SubCritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Average End Depth Over Rise 0.00 %

Normal Depth Over Rise 74.94 %

Downstream Velocity Infinity ft/s

Worksheet for Circular Pipe - 75% for 42"

4/27/2022 10:16:25 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of1Page



GVF Output Data

Upstream Velocity Infinity ft/s

Normal Depth 2.62 ft

Critical Depth 2.52 ft

Channel Slope 0.00500 ft/ft

Critical Slope 0.00549 ft/ft

Messages

Notes

265.19.22 Duke & State Street
Storm Drain System Sizing for Preliminary Study

Worksheet for Circular Pipe - 75% for 42"

4/27/2022 10:16:25 PM

Bentley Systems, Inc.  Haestad Methods Solution CenterBentley FlowMaster V8i (SELECTseries 1)  [08.11.01.03]

27 Siemons Company Drive Suite 200 W  Watertown, CT 06795 USA  +1-203-755-1666 2of2Page



 

 

APPENDIX C: SUBSURFACE SYSTEM SIZING CALCULATIONS 
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 EXCERPT A: NRCS HYDRAULIC SOILS MAP 



Hydrologic Soil Group—San Bernardino County Southwestern Part, California

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

1/31/2022
Page 1 of 4
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The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

TuB Tujunga loamy sand, 0 
to 5 percent slopes

A 155.9 100.0%

Totals for Area of Interest 155.9 100.0%

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are 
assigned to one of four groups according to the rate of water infiltration when the 
soils are not protected by vegetation, are thoroughly wet, and receive 
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and 
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when 
thoroughly wet. These consist mainly of deep, well drained to excessively 
drained sands or gravelly sands. These soils have a high rate of water 
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These 
consist chiefly of moderately deep or deep, moderately well drained or well 
drained soils that have moderately fine texture to moderately coarse texture. 
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist 
chiefly of soils having a layer that impedes the downward movement of water or 
soils of moderately fine texture or fine texture. These soils have a slow rate of 
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when 
thoroughly wet. These consist chiefly of clays that have a high shrink-swell 
potential, soils that have a high water table, soils that have a claypan or clay 
layer at or near the surface, and soils that are shallow over nearly impervious 
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is 
for drained areas and the second is for undrained areas. Only the soils that in 
their natural condition are in group D are assigned to dual classes.

Rating Options

Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified 
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Tie-break Rule: Higher

Hydrologic Soil Group—San Bernardino County Southwestern Part, California

Natural Resources
Conservation Service

Web Soil Survey
National Cooperative Soil Survey

1/31/2022
Page 4 of 4



 

 

EXCERPT B: NOAA ATLAS 14 RAINFALL DATA 
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EXCERPT C: CITY OF ONTARIO MASTER DRAINAGE PLAN LAND USE MAP 
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EXCERPT D: CITY OF ONTARIO MASTER DRAINAGE PLAN HYDROLOGY MAP 
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EXCERPT E: CITY OF ONTARIO MASTER DRAINAGE PLAN EXISTING FACILITIES MAP 
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