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1. Vicinity Map 
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2. Purpose 
The purpose of this study is to substantiate the design of the “Sky Canyon Retail Center” commercial 

development located in the City of Temecula in Riverside, CA. Adkan Engineers has prepared this Study 

to ensure adequate size and proper operation of drainage facilities. This report, along with the standard 

analysis of a typical report, outlines the specific studies and the back-up data required to analyze the 

hydrology of the development. 

3. Project Description 
The project is a proposed commercial development encompassing a gross area of 10.9 +/- acres. The site 

is located between Future Sky Canyon Rd, Winchester Road, north of Willows Ave, and south of an 

existing commercial development. The project proposes four commercial buildings and one drive-thru 

car-wash. Drought tolerant landscaping will be provided throughout the site.  

4. Pre-Development Hydrology 
The site is currently vacant with open brush and poor vegetative cover. The project site is surrounded by 

a residential community comprised of single-family detached homes, and a commercial development 

directly north. The proposed development exists as part of Specific Plan 213, Winchester Properties 

(SilverHawk). 

The site may have been slightly graded years ago, but enough time has passed that the site now appears 

to be natural with sparse vegetative cover draining from north to south. As shown in the pre-developed 

rational hydrology map, a sliver of the eastern side of the area (1.27 acres made up of drainage areas 

EX1 on Pre-Developed Hydrology Map) that will be disturbed drains into the adjacent Tucalota Creek. 

Whereas, the majority of the site (7.83 acres made up of drainage area EX on Pre-Developed Hydrology 

Map) drains to a Riverside County Maintained 33” RCP Line “H” as depicted in Riverside County Flood 

Control and Water Conservation District (RCFC&WCD) Project No. 7-0-177, Drawing No. 7-147, sheet 6 

of 10. These plans were developed and approved in August of 1992 by RCFC&WCD. This plan indicates a 

projected ultimate Q100 of 47 CFS.  

Note that every effort was made to track down the source hydrology report for the ultimate flow rate at 

RCFC&WCD; however, The District was unable to locate it. As a result, in lieu of any existing hydrology 

studies, the discharge ultimate flow rate will be based on values shown in the approved flood control 

plans referenced herein from this point forward. 

Going back to the ultimate Q100 flow rate of 47 CFS, this makes sense because Specific Plan 213 

originally planned for the site to be multi-family high density residential. Since the original Specific Plan 

was approved, amendments were made to revise the use to commercial. The rational hydrology analysis 

done for the pre-developed condition determined a Q100 flowing to this outlet of 13 CFS. 

The small sliver of the site on the east, as mentioned earlier, in the pre-developed condition drains to a 

Riverside County Maintained 18” RCP Line “D” as depicted in RCFC&WCD Project No. 7-0-0030-02, 

Drawing No. 7-169, sheet 3 of 3. These plans were developed and approved in September of 2000 by 
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RCFC&WCD. This plan indicates a projected ultimate Q100 of 7.3 CFS. The rational hydrology analysis 

done for the pre-developed condition has determined a Q100 of 2 CFS.  

5. Post-Development Hydrology 
The site will be graded and paved such that the surface run-off is directed to specific structural water 

quality BMPs that have been sized to address design capture volumes (DCV), and to address 

hydromodification concerns. These calculations can be found in the WQMP and are based on Riverside 

County’s Exhibit B.7 HydroMod Spreadsheet (Temecula) v.4.xlsx. Essentially, that analysis compares the 

range of frequency storm events between the 10-yr and 10% of the 2-year between the pre-developed 

and post-developed and ensures the outflow unit hydrograph is reasonably similar to the pre-

developed. It does this by requiring a retention of a certain volume and fixing orifices at specific 

diameters and elevations within the structural BMPs. These analyses relate to the water quality aspect 

of the design and therefore not shown in this report.  

Instead, of concern are the analyses relating to the rational hydrology for the 10 year and 100 year 

frequency storm events. Flow rates resulting from these storm events are termed as overflow as it 

relates to structural BMPs. Since the BMPs are sized specifically for water quality and low flow 

HydroMod purposes, any flows exceeding this will be directed to overflow structures specifically 

designed to convey the Q10 and Q100 flow rates.  

For the post-developed condition, when the structural water quality BMPs reach their maximum 

capacity, the existing drainage pattern will be maintained such that the greater western side of the site 

will continue to ultimately drain to the south to the existing 33” RCP Line “H”.  The post-developed 

rational hydrology for this area at outlet point has been determined to be 25 CFS. Recall, Line “H” was 

originally designed anticipating an ultimate flow rate of 47 CFS.  Effectively, the post-developed 

condition will outlet a flow rate much less than the ultimate and thus no incremental increased 

mitigation of flow or volume will be required beyond addressing the hydromodification concern for low 

flows as presented in the WQMP. 

The drainage pattern for the eastern side of the project has also been conserved. That is, where the pre-

developed drainage pattern drained to Line “D”, the post-developed conditions also drains the eastern 

site to Line “D”. The post-developed flow rate was determined to be 3 CFS, whereas the ultimate 

anticipated 7 CFS. Again, the post-developed condition will outlet a flow rate much less than the 

ultimate and thus no incremental increased mitigation of flow or volume will be required beyond 

addressing the hydromodification concern for low flows as presented in the WQMP. 

6. Method of Analysis 
The site hydrology was based upon Riverside County Flood Control and Water Conversation District 

Hydrology Manual, from which pertinent soil and rainfall information was obtained. 

Storm flows were determined by the “RATIONAL METHOD HYDROLOGY COMPUTER PROGRAM”, 

Riverside County Flood Control & Water Conservation District 1978 Hydrology Manual, produced by 

Bondamin Engineering. Refer to Section 1 and Section 2, respectively, for Post-Development and Pre-

Development Rational Hydrology maps. 
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7. Results 
The summary table below shows the resulting data that includes the peak flow rates for each of the 

storms analyzed for the post-developed, pre-developed, and anticipated ultimate as indicated on the 

storm drain plans referenced herein and also provided in the appendix for reference purposes. 

Table 1: Summary Table of Pre- and Post-Development 

Condition Discharge Point – Line “H” Discharge Point- Line “D” 

 Q10, cfs Q100, cfs Tc, min Q10, cfs Q100, cfs Tc, min 

Pre-Developed 8.10 13.09 17.38 1.18 1.94 23.44 

Post-

Developed 

16.84 24.97 8.59 2.13 3.20 14.79 

Anticipated 

Ultimate 

N/A 46.72 N/A N/A 7.3 N/A 

8. Hydraulics 
No hydraulics analysis was done for this report given that it is preliminary. The hydraulic analyses will be 

provided as part of the final hydrology report. 

9. FEMA 
 Based on the FEMA Flood Insurance Study Mapping excerpt provided in the appendix, the project site is 

not within the bounds of the flood plain and is in the zone designated as Zone X. No mitigation is 

required.  

10. Conclusion 
The pre- and post-development sections of this report have gone into detail describing the hydrology of 

both scenarios. Ultimately the proposed project would not substantially alter the existing drainage 

pattern of the site or area. The drainage pattern was predominantly held the same. The main 

differences as shown in Table 1 above, is increased runoff and decreased time of concentration for the 

runoff resulting from the 10-year and 100-year frequency storm events. This is expected for an 

improvement that increases impervious area and installs underground drainage systems.  The main 

question as it relates to the rational hydrology analysis is whether the proposed development will 

increase the runoff beyond what the downstream system was originally designed for. And to answer this 

question, the comparison is made with what the RCFC&WCD plans indicated as being the anticipated 

Q100 ultimate. For both discharge points, the post-development Q100 is substantially below the 

anticipated ultimate Q100 flow rates. Thus, no mitigation of incremental increase of runoff is necessary.  

In addition, the following statements apply to the project site: 

 Drainage Pattern Alteration Statement: The proposed project does not substantially alter the 

existing drainage pattern of the site or area, including through the alteration of the course of a stream 
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or river, in a manner which would result in substantial erosion or siltation on- or off-site. The project site 

will continue to discharge at the same general confluence points (Line “H” and Line “D) in the proposed 

conditions as the existing conditions if the infiltration areas overflow. 

 Flooding Statement: The proposed project does not substantially alter the existing drainage 

pattern  of the site or area including through the alteration of the course of a stream or river, or 

substantially increase the rate or amount of surface run off in a manner which would result in flooding 

on- or off-site.
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   Riverside County Rational Hydrology Program 
 
 CIVILCADD/CIVILDESIGN Engineering Software,(c) 1989 - 2014 Version 9.0 
  Rational Hydrology Study        Date: 03/04/20  File:pro10.out 
 ------------------------------------------------------------------------ 
  *********   Hydrology Study Control Information ********** 
 
  English (in-lb) Units used in input data file 
 
 ------------------------------------------------------------------------ 
 
 
 Program License Serial Number 5006 
 
 ------------------------------------------------------------------------ 
 Rational Method Hydrology Program based on 
 Riverside County Flood Control & Water Conservation District 
 1978 hydrology manual 
 
 Storm event (year) =   10.00 Antecedent Moisture Condition = 2 
 
 2 year, 1 hour precipitation =  0.550(In.) 
 100 year, 1 hour precipitation =  1.200(In.) 
 
 Storm event year =  10.0 
 Calculated rainfall intensity data: 
 1 hour intensity =  0.817(In/Hr) 
 Slope of intensity duration curve = 0.5500 
 
 
 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        1.000 to Point/Station        4.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Initial area flow distance =   513.000(Ft.) 
 Top (of initial area) elevation =  1109.600(Ft.) 
 Bottom (of initial area) elevation =  1107.000(Ft.) 
 Difference in elevation =     2.600(Ft.) 
 Slope =    0.00507  s(percent)=       0.51 
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2 
 Initial area time of concentration =   10.476 min. 
 Rainfall intensity =      2.135(In/Hr) for a    10.0 year storm 
 COMMERCIAL subarea type                      
 Runoff Coefficient = 0.849 
 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 
 RI index for soil(AMC 2)  =  32.00 
 Pervious area fraction =  0.100; Impervious fraction =  0.900 
 Initial subarea runoff =      1.775(CFS) 
 Total initial stream area =        0.980(Ac.) 
 Pervious area fraction = 0.100 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        4.000 to Point/Station        5.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1105.000(Ft.) 
 Downstream point/station elevation =  1097.860(Ft.) 
 Pipe length  =   249.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =     1.775(CFS) 
 Nearest computed pipe diameter  =      9.00(In.) 
 Calculated individual pipe flow  =     1.775(CFS) 
 Normal flow depth in pipe =    5.20(In.) 
 Flow top width inside pipe =    8.89(In.) 
 Critical Depth =    7.33(In.) 
 Pipe flow velocity =      6.71(Ft/s) 
 Travel time through pipe =    0.62 min. 
 Time of concentration (TC) =    11.09 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        5.000 to Point/Station        5.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 1 
 Stream flow area =      0.980(Ac.) 
 Runoff from this stream =      1.775(CFS) 
 Time of concentration =   11.09 min. 
 Rainfall intensity =     2.068(In/Hr) 



Pro 10yr  Page 2 of 8 

 

 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        6.000 to Point/Station        7.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Initial area flow distance =   342.000(Ft.) 
 Top (of initial area) elevation =  1107.000(Ft.) 
 Bottom (of initial area) elevation =  1102.000(Ft.) 
 Difference in elevation =     5.000(Ft.) 
 Slope =    0.01462  s(percent)=       1.46 
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2 
 Initial area time of concentration =    7.207 min. 
 Rainfall intensity =      2.622(In/Hr) for a    10.0 year storm 
 COMMERCIAL subarea type                      
 Runoff Coefficient = 0.853 
 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 
 RI index for soil(AMC 2)  =  32.00 
 Pervious area fraction =  0.100; Impervious fraction =  0.900 
 Initial subarea runoff =      1.835(CFS) 
 Total initial stream area =        0.820(Ac.) 
 Pervious area fraction = 0.100 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        7.000 to Point/Station        5.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1102.000(Ft.) 
 Downstream point/station elevation =  1097.860(Ft.) 
 Pipe length  =    45.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =     1.835(CFS) 
 Nearest computed pipe diameter  =      9.00(In.) 
 Calculated individual pipe flow  =     1.835(CFS) 
 Normal flow depth in pipe =    3.76(In.) 
 Flow top width inside pipe =    8.88(In.) 
 Critical Depth =    7.43(In.) 
 Pipe flow velocity =     10.47(Ft/s) 
 Travel time through pipe =    0.07 min. 
 Time of concentration (TC) =     7.28 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        5.000 to Point/Station        5.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 2 
 Stream flow area =      0.820(Ac.) 
 Runoff from this stream =      1.835(CFS) 
 Time of concentration =    7.28 min. 
 Rainfall intensity =     2.608(In/Hr) 
 Summary of stream data: 
 
 Stream   Flow rate      TC            Rainfall Intensity 
  No.       (CFS)       (min)                 (In/Hr) 
 
 
 1        1.775     11.09                 2.068 
 2        1.835      7.28                 2.608 
 Largest stream flow has longer or shorter time of concentration 
 Qp =      1.835 + sum of 
    Qa          Tb/Ta 
     1.775 *    0.656 =      1.165  
 Qp =      2.999 
 
 Total of 2 streams to confluence: 
 Flow rates before confluence point: 
        1.775       1.835 
 Area of streams before confluence: 
         0.980        0.820 
 Results of confluence: 
 Total flow rate =      2.999(CFS) 
 Time of concentration =     7.278 min. 
 Effective stream area after confluence =      1.800(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        5.000 to Point/Station        8.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1097.860(Ft.) 
 Downstream point/station elevation =  1093.600(Ft.) 
 Pipe length  =   175.00(Ft.)   Manning's N = 0.013 
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 No. of pipes = 1  Required pipe flow  =     2.999(CFS) 
 Nearest computed pipe diameter  =     12.00(In.) 
 Calculated individual pipe flow  =     2.999(CFS) 
 Normal flow depth in pipe =    6.28(In.) 
 Flow top width inside pipe =   11.99(In.) 
 Critical Depth =    8.91(In.) 
 Pipe flow velocity =      7.21(Ft/s) 
 Travel time through pipe =    0.40 min. 
 Time of concentration (TC) =     7.68 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        8.000 to Point/Station        8.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 1 
 Stream flow area =      1.800(Ac.) 
 Runoff from this stream =      2.999(CFS) 
 Time of concentration =    7.68 min. 
 Rainfall intensity =     2.532(In/Hr) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        9.000 to Point/Station       10.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Initial area flow distance =   325.000(Ft.) 
 Top (of initial area) elevation =  1108.000(Ft.) 
 Bottom (of initial area) elevation =  1100.000(Ft.) 
 Difference in elevation =     8.000(Ft.) 
 Slope =    0.02462  s(percent)=       2.46 
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2 
 Initial area time of concentration =    6.363 min. 
 Rainfall intensity =      2.808(In/Hr) for a    10.0 year storm 
 COMMERCIAL subarea type                      
 Runoff Coefficient = 0.855 
 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 
 RI index for soil(AMC 2)  =  32.00 
 Pervious area fraction =  0.100; Impervious fraction =  0.900 
 Initial subarea runoff =      4.273(CFS) 
 Total initial stream area =        1.780(Ac.) 
 Pervious area fraction = 0.100 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       10.000 to Point/Station        8.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1100.000(Ft.) 
 Downstream point/station elevation =  1093.800(Ft.) 
 Pipe length  =   428.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =     4.273(CFS) 
 Nearest computed pipe diameter  =     12.00(In.) 
 Calculated individual pipe flow  =     4.273(CFS) 
 Normal flow depth in pipe =    9.80(In.) 
 Flow top width inside pipe =    9.29(In.) 
 Critical Depth =   10.43(In.) 
 Pipe flow velocity =      6.22(Ft/s) 
 Travel time through pipe =    1.15 min. 
 Time of concentration (TC) =     7.51 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        8.000 to Point/Station        8.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 2 
 Stream flow area =      1.780(Ac.) 
 Runoff from this stream =      4.273(CFS) 
 Time of concentration =    7.51 min. 
 Rainfall intensity =     2.564(In/Hr) 
 Summary of stream data: 
 
 Stream   Flow rate      TC            Rainfall Intensity 
  No.       (CFS)       (min)                 (In/Hr) 
 
 
 1        2.999      7.68                 2.532 
 2        4.273      7.51                 2.564 
 Largest stream flow has longer or shorter time of concentration 
 Qp =      4.273 + sum of 
    Qa          Tb/Ta 
     2.999 *    0.977 =      2.931  
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 Qp =      7.204 
 
 Total of 2 streams to confluence: 
 Flow rates before confluence point: 
        2.999       4.273 
 Area of streams before confluence: 
         1.800        1.780 
 Results of confluence: 
 Total flow rate =      7.204(CFS) 
 Time of concentration =     7.509 min. 
 Effective stream area after confluence =      3.580(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        8.000 to Point/Station       11.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1093.600(Ft.) 
 Downstream point/station elevation =  1092.690(Ft.) 
 Pipe length  =   100.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =     7.204(CFS) 
 Nearest computed pipe diameter  =     18.00(In.) 
 Calculated individual pipe flow  =     7.204(CFS) 
 Normal flow depth in pipe =   11.30(In.) 
 Flow top width inside pipe =   17.40(In.) 
 Critical Depth =   12.47(In.) 
 Pipe flow velocity =      6.17(Ft/s) 
 Travel time through pipe =    0.27 min. 
 Time of concentration (TC) =     7.78 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       11.000 to Point/Station       11.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 1 
 Stream flow area =      3.580(Ac.) 
 Runoff from this stream =      7.204(CFS) 
 Time of concentration =    7.78 min. 
 Rainfall intensity =     2.514(In/Hr) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       12.000 to Point/Station       13.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Initial area flow distance =   385.000(Ft.) 
 Top (of initial area) elevation =  1108.700(Ft.) 
 Bottom (of initial area) elevation =  1100.300(Ft.) 
 Difference in elevation =     8.400(Ft.) 
 Slope =    0.02182  s(percent)=       2.18 
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2 
 Initial area time of concentration =    6.975 min. 
 Rainfall intensity =      2.670(In/Hr) for a    10.0 year storm 
 COMMERCIAL subarea type                      
 Runoff Coefficient = 0.854 
 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 
 RI index for soil(AMC 2)  =  32.00 
 Pervious area fraction =  0.100; Impervious fraction =  0.900 
 Initial subarea runoff =      3.943(CFS) 
 Total initial stream area =        1.730(Ac.) 
 Pervious area fraction = 0.100 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       13.000 to Point/Station       11.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1100.300(Ft.) 
 Downstream point/station elevation =  1092.690(Ft.) 
 Pipe length  =    39.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =     3.943(CFS) 
 Nearest computed pipe diameter  =      9.00(In.) 
 Calculated individual pipe flow  =     3.943(CFS) 
 Normal flow depth in pipe =    4.71(In.) 
 Flow top width inside pipe =    8.99(In.) 
 Critical depth could not be calculated. 
 Pipe flow velocity =     16.86(Ft/s) 
 Travel time through pipe =    0.04 min. 
 Time of concentration (TC) =     7.01 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
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 Process from Point/Station       11.000 to Point/Station       11.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 2 
 Stream flow area =      1.730(Ac.) 
 Runoff from this stream =      3.943(CFS) 
 Time of concentration =    7.01 min. 
 Rainfall intensity =     2.662(In/Hr) 
 Summary of stream data: 
 
 Stream   Flow rate      TC            Rainfall Intensity 
  No.       (CFS)       (min)                 (In/Hr) 
 
 
 1        7.204      7.78                 2.514 
 2        3.943      7.01                 2.662 
 Largest stream flow has longer time of concentration 
 Qp =      7.204 + sum of 
    Qb         Ia/Ib 
     3.943 *    0.945 =      3.725  
 Qp =     10.929 
 
 Total of 2 streams to confluence: 
 Flow rates before confluence point: 
        7.204       3.943 
 Area of streams before confluence: 
         3.580        1.730 
 Results of confluence: 
 Total flow rate =     10.929(CFS) 
 Time of concentration =     7.779 min. 
 Effective stream area after confluence =      5.310(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       11.000 to Point/Station       14.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1092.690(Ft.) 
 Downstream point/station elevation =  1091.140(Ft.) 
 Pipe length  =   170.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =    10.929(CFS) 
 Nearest computed pipe diameter  =     21.00(In.) 
 Calculated individual pipe flow  =    10.929(CFS) 
 Normal flow depth in pipe =   13.22(In.) 
 Flow top width inside pipe =   20.28(In.) 
 Critical Depth =   14.78(In.) 
 Pipe flow velocity =      6.85(Ft/s) 
 Travel time through pipe =    0.41 min. 
 Time of concentration (TC) =     8.19 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       14.000 to Point/Station       14.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 1 
 Stream flow area =      5.310(Ac.) 
 Runoff from this stream =     10.929(CFS) 
 Time of concentration =    8.19 min. 
 Rainfall intensity =     2.444(In/Hr) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       15.000 to Point/Station       16.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Initial area flow distance =   427.000(Ft.) 
 Top (of initial area) elevation =  1105.600(Ft.) 
 Bottom (of initial area) elevation =  1101.000(Ft.) 
 Difference in elevation =     4.600(Ft.) 
 Slope =    0.01077  s(percent)=       1.08 
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2 
 Initial area time of concentration =    8.372 min. 
 Rainfall intensity =      2.415(In/Hr) for a    10.0 year storm 
 COMMERCIAL subarea type                      
 Runoff Coefficient = 0.851 
 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 
 RI index for soil(AMC 2)  =  32.00 
 Pervious area fraction =  0.100; Impervious fraction =  0.900 
 Initial subarea runoff =      2.570(CFS) 
 Total initial stream area =        1.250(Ac.) 
 Pervious area fraction = 0.100 
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 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       16.000 to Point/Station       14.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1101.000(Ft.) 
 Downstream point/station elevation =  1091.140(Ft.) 
 Pipe length  =    38.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =     2.570(CFS) 
 Nearest computed pipe diameter  =      6.00(In.) 
 Calculated individual pipe flow  =     2.570(CFS) 
 Normal flow depth in pipe =    4.45(In.) 
 Flow top width inside pipe =    5.26(In.) 
 Critical depth could not be calculated. 
 Pipe flow velocity =     16.47(Ft/s) 
 Travel time through pipe =    0.04 min. 
 Time of concentration (TC) =     8.41 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       14.000 to Point/Station       14.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 2 
 Stream flow area =      1.250(Ac.) 
 Runoff from this stream =      2.570(CFS) 
 Time of concentration =    8.41 min. 
 Rainfall intensity =     2.409(In/Hr) 
 Summary of stream data: 
 
 Stream   Flow rate      TC            Rainfall Intensity 
  No.       (CFS)       (min)                 (In/Hr) 
 
 
 1       10.929      8.19                 2.444 
 2        2.570      8.41                 2.409 
 Largest stream flow has longer or shorter time of concentration 
 Qp =     10.929 + sum of 
    Qa          Tb/Ta 
     2.570 *    0.974 =      2.503  
 Qp =     13.432 
 
 Total of 2 streams to confluence: 
 Flow rates before confluence point: 
       10.929       2.570 
 Area of streams before confluence: 
         5.310        1.250 
 Results of confluence: 
 Total flow rate =     13.432(CFS) 
 Time of concentration =     8.192 min. 
 Effective stream area after confluence =      6.560(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       14.000 to Point/Station       17.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1091.140(Ft.) 
 Downstream point/station elevation =  1088.600(Ft.) 
 Pipe length  =   278.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =    13.432(CFS) 
 Nearest computed pipe diameter  =     21.00(In.) 
 Calculated individual pipe flow  =    13.432(CFS) 
 Normal flow depth in pipe =   15.38(In.) 
 Flow top width inside pipe =   18.60(In.) 
 Critical Depth =   16.36(In.) 
 Pipe flow velocity =      7.11(Ft/s) 
 Travel time through pipe =    0.65 min. 
 Time of concentration (TC) =     8.84 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       17.000 to Point/Station       17.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 1 
 Stream flow area =      6.560(Ac.) 
 Runoff from this stream =     13.432(CFS) 
 Time of concentration =    8.84 min. 
 Rainfall intensity =     2.343(In/Hr) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       18.000 to Point/Station       19.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
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 Initial area flow distance =   349.000(Ft.) 
 Top (of initial area) elevation =  1105.200(Ft.) 
 Bottom (of initial area) elevation =  1096.000(Ft.) 
 Difference in elevation =     9.200(Ft.) 
 Slope =    0.02636  s(percent)=       2.64 
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2 
 Initial area time of concentration =    6.457 min. 
 Rainfall intensity =      2.785(In/Hr) for a    10.0 year storm 
 COMMERCIAL subarea type                      
 Runoff Coefficient = 0.855 
 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 
 RI index for soil(AMC 2)  =  32.00 
 Pervious area fraction =  0.100; Impervious fraction =  0.900 
 Initial subarea runoff =      1.952(CFS) 
 Total initial stream area =        0.820(Ac.) 
 Pervious area fraction = 0.100 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       19.000 to Point/Station       17.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1096.000(Ft.) 
 Downstream point/station elevation =  1088.600(Ft.) 
 Pipe length  =    21.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =     1.952(CFS) 
 Nearest computed pipe diameter  =      6.00(In.) 
 Calculated individual pipe flow  =     1.952(CFS) 
 Normal flow depth in pipe =    3.30(In.) 
 Flow top width inside pipe =    5.97(In.) 
 Critical depth could not be calculated. 
 Pipe flow velocity =     17.63(Ft/s) 
 Travel time through pipe =    0.02 min. 
 Time of concentration (TC) =     6.48 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       17.000 to Point/Station       17.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 2 
 Stream flow area =      0.820(Ac.) 
 Runoff from this stream =      1.952(CFS) 
 Time of concentration =    6.48 min. 
 Rainfall intensity =     2.781(In/Hr) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       20.000 to Point/Station       21.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Initial area flow distance =   410.000(Ft.) 
 Top (of initial area) elevation =  1102.400(Ft.) 
 Bottom (of initial area) elevation =  1097.500(Ft.) 
 Difference in elevation =     4.900(Ft.) 
 Slope =    0.01195  s(percent)=       1.20 
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2 
 Initial area time of concentration =    8.068 min. 
 Rainfall intensity =      2.464(In/Hr) for a    10.0 year storm 
 COMMERCIAL subarea type                      
 Runoff Coefficient = 0.852 
 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 
 RI index for soil(AMC 2)  =  32.00 
 Pervious area fraction =  0.100; Impervious fraction =  0.900 
 Initial subarea runoff =      1.847(CFS) 
 Total initial stream area =        0.880(Ac.) 
 Pervious area fraction = 0.100 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       21.000 to Point/Station       17.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1097.500(Ft.) 
 Downstream point/station elevation =  1088.600(Ft.) 
 Pipe length  =    30.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =     1.847(CFS) 
 Nearest computed pipe diameter  =      6.00(In.) 
 Calculated individual pipe flow  =     1.847(CFS) 
 Normal flow depth in pipe =    3.36(In.) 
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 Flow top width inside pipe =    5.96(In.) 
 Critical depth could not be calculated. 
 Pipe flow velocity =     16.29(Ft/s) 
 Travel time through pipe =    0.03 min. 
 Time of concentration (TC) =     8.10 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       17.000 to Point/Station       17.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 3 
 Stream flow area =      0.880(Ac.) 
 Runoff from this stream =      1.847(CFS) 
 Time of concentration =    8.10 min. 
 Rainfall intensity =     2.459(In/Hr) 
 Summary of stream data: 
 
 Stream   Flow rate      TC            Rainfall Intensity 
  No.       (CFS)       (min)                 (In/Hr) 
 
 
 1       13.432      8.84                 2.343 
 2        1.952      6.48                 2.781 
 3        1.847      8.10                 2.459 
 Largest stream flow has longer time of concentration 
 Qp =     13.432 + sum of 
    Qb         Ia/Ib 
     1.952 *    0.843 =      1.645  
    Qb         Ia/Ib 
     1.847 *    0.953 =      1.760  
 Qp =     16.837 
 
 Total of 3 streams to confluence: 
 Flow rates before confluence point: 
       13.432       1.952       1.847 
 Area of streams before confluence: 
         6.560        0.820        0.880 
 Results of confluence: 
 Total flow rate =     16.837(CFS) 
 Time of concentration =     8.844 min. 
 Effective stream area after confluence =      8.260(Ac.) 
 End of computations, total study area =            8.26 (Ac.) 
 The following figures may  
 be used for a unit hydrograph study of the same area.  
 
 Area averaged pervious area fraction(Ap) = 0.100  
 Area averaged RI index number =  32.0 
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   Riverside County Rational Hydrology Program 
 
 CIVILCADD/CIVILDESIGN Engineering Software,(c) 1989 - 2014 Version 9.0 
  Rational Hydrology Study        Date: 03/03/20  File:st10.out 
 ------------------------------------------------------------------------ 
  *********   Hydrology Study Control Information ********** 
 
  English (in-lb) Units used in input data file 
 
 ------------------------------------------------------------------------ 
 
 
 Program License Serial Number 5006 
 
 ------------------------------------------------------------------------ 
 Rational Method Hydrology Program based on 
 Riverside County Flood Control & Water Conservation District 
 1978 hydrology manual 
 
 Storm event (year) =   10.00 Antecedent Moisture Condition = 2 
 
 2 year, 1 hour precipitation =  0.550(In.) 
 100 year, 1 hour precipitation =  1.200(In.) 
 
 Storm event year =  10.0 
 Calculated rainfall intensity data: 
 1 hour intensity =  0.817(In/Hr) 
 Slope of intensity duration curve = 0.5500 
 
 
 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        1.000 to Point/Station        2.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Initial area flow distance =   508.000(Ft.) 
 Top (of initial area) elevation =  1109.600(Ft.) 
 Bottom (of initial area) elevation =  1104.800(Ft.) 
 Difference in elevation =     4.800(Ft.) 
 Slope =    0.00945  s(percent)=       0.94 
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2 
 Initial area time of concentration =    9.213 min. 
 Rainfall intensity =      2.291(In/Hr) for a    10.0 year storm 
 COMMERCIAL subarea type                      
 Runoff Coefficient = 0.850 
 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 
 RI index for soil(AMC 2)  =  32.00 
 Pervious area fraction =  0.100; Impervious fraction =  0.900 
 Initial subarea runoff =      1.110(CFS) 
 Total initial stream area =        0.570(Ac.) 
 Pervious area fraction = 0.100 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        2.000 to Point/Station        3.000 
 **** STREET FLOW TRAVEL TIME + SUBAREA FLOW ADDITION **** 
 ______________________________________________________________________ 
 Top of street segment elevation =  1104.800(Ft.) 
 End of street segment elevation =  1100.000(Ft.) 
 Length of street segment  =   630.000(Ft.) 
 Height of curb above gutter flowline  =    6.0(In.) 
 Width of half street (curb to crown)  =  32.000(Ft.) 
 Distance from crown to crossfall grade break  =  30.000(Ft.) 
 Slope from gutter to grade break (v/hz) =   0.015 
 Slope from grade break to crown (v/hz)  =   0.015 
 Street flow is on [1] side(s) of the street  
 Distance from curb to property line  =  10.000(Ft.) 
 Slope from curb to property line (v/hz) =   0.015 
 Gutter width =   2.000(Ft.) 
 Gutter hike from flowline =  2.000(In.) 
  Manning's N in gutter =  0.0150 
  Manning's N from gutter to grade break =  0.0150 
  Manning's N from grade break to crown =  0.0150 
 Estimated mean flow rate at midpoint of street =      1.666(CFS) 
 Depth of flow =   0.294(Ft.), Average velocity =   1.727(Ft/s) 
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 Streetflow hydraulics at midpoint of street travel: 
 Halfstreet flow width =  10.506(Ft.) 
 Flow velocity =   1.73(Ft/s) 
 Travel time =    6.08 min.     TC =   15.29  min. 
  Adding area flow to street 
 COMMERCIAL subarea type                      
 Runoff Coefficient = 0.844 
 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 
 RI index for soil(AMC 2)  =  32.00 
 Pervious area fraction =  0.100; Impervious fraction =  0.900 
 Rainfall intensity =      1.734(In/Hr) for a    10.0 year storm 
 Subarea runoff =      1.024(CFS) for      0.700(Ac.) 
 Total runoff =      2.135(CFS) Total area =       1.270(Ac.) 
 Street flow at end of street =      2.135(CFS) 
 Half street flow at end of street =      2.135(CFS) 
 Depth of flow =   0.313(Ft.), Average velocity =   1.826(Ft/s) 
 Flow width (from curb towards crown)=  11.734(Ft.) 
 End of computations, total study area =            1.27 (Ac.) 
 The following figures may  
 be used for a unit hydrograph study of the same area.  
 
 Area averaged pervious area fraction(Ap) = 0.100  
 Area averaged RI index number =  32.0 
 
 



 

   

Appendix C: 

Post-Development 100-Year Storm Event Modified Rational Hydrology
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   Riverside County Rational Hydrology Program 
 
 CIVILCADD/CIVILDESIGN Engineering Software,(c) 1989 - 2014 Version 9.0 
  Rational Hydrology Study        Date: 03/04/20  File:pro.out 
 ------------------------------------------------------------------------ 
  *********   Hydrology Study Control Information ********** 
 
  English (in-lb) Units used in input data file 
 
 ------------------------------------------------------------------------ 
 
 
 Program License Serial Number 5006 
 
 ------------------------------------------------------------------------ 
 Rational Method Hydrology Program based on 
 Riverside County Flood Control & Water Conservation District 
 1978 hydrology manual 
 
 Storm event (year) =  100.00 Antecedent Moisture Condition = 2 
 
 2 year, 1 hour precipitation =  0.550(In.) 
 100 year, 1 hour precipitation =  1.200(In.) 
 
 Storm event year = 100.0 
 Calculated rainfall intensity data: 
 1 hour intensity =  1.200(In/Hr) 
 Slope of intensity duration curve = 0.5500 
 
 
 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        1.000 to Point/Station        4.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Initial area flow distance =   513.000(Ft.) 
 Top (of initial area) elevation =  1109.600(Ft.) 
 Bottom (of initial area) elevation =  1107.000(Ft.) 
 Difference in elevation =     2.600(Ft.) 
 Slope =    0.00507  s(percent)=       0.51 
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2 
 Initial area time of concentration =   10.476 min. 
 Rainfall intensity =      3.134(In/Hr) for a   100.0 year storm 
 COMMERCIAL subarea type                      
 Runoff Coefficient = 0.857 
 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 
 RI index for soil(AMC 2)  =  32.00 
 Pervious area fraction =  0.100; Impervious fraction =  0.900 
 Initial subarea runoff =      2.633(CFS) 
 Total initial stream area =        0.980(Ac.) 
 Pervious area fraction = 0.100 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        4.000 to Point/Station        5.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1105.000(Ft.) 
 Downstream point/station elevation =  1097.860(Ft.) 
 Pipe length  =   249.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =     2.633(CFS) 
 Nearest computed pipe diameter  =      9.00(In.) 
 Calculated individual pipe flow  =     2.633(CFS) 
 Normal flow depth in pipe =    6.94(In.) 
 Flow top width inside pipe =    7.57(In.) 
 Critical Depth =    8.42(In.) 
 Pipe flow velocity =      7.21(Ft/s) 
 Travel time through pipe =    0.58 min. 
 Time of concentration (TC) =    11.05 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        5.000 to Point/Station        5.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 1 
 Stream flow area =      0.980(Ac.) 
 Runoff from this stream =      2.633(CFS) 
 Time of concentration =   11.05 min. 
 Rainfall intensity =     3.043(In/Hr) 
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 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        6.000 to Point/Station        7.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Initial area flow distance =   342.000(Ft.) 
 Top (of initial area) elevation =  1107.000(Ft.) 
 Bottom (of initial area) elevation =  1102.000(Ft.) 
 Difference in elevation =     5.000(Ft.) 
 Slope =    0.01462  s(percent)=       1.46 
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2 
 Initial area time of concentration =    7.207 min. 
 Rainfall intensity =      3.850(In/Hr) for a   100.0 year storm 
 COMMERCIAL subarea type                      
 Runoff Coefficient = 0.862 
 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 
 RI index for soil(AMC 2)  =  32.00 
 Pervious area fraction =  0.100; Impervious fraction =  0.900 
 Initial subarea runoff =      2.720(CFS) 
 Total initial stream area =        0.820(Ac.) 
 Pervious area fraction = 0.100 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        7.000 to Point/Station        5.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1102.000(Ft.) 
 Downstream point/station elevation =  1097.860(Ft.) 
 Pipe length  =    45.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =     2.720(CFS) 
 Nearest computed pipe diameter  =      9.00(In.) 
 Calculated individual pipe flow  =     2.720(CFS) 
 Normal flow depth in pipe =    4.72(In.) 
 Flow top width inside pipe =    8.99(In.) 
 Critical Depth =    8.48(In.) 
 Pipe flow velocity =     11.59(Ft/s) 
 Travel time through pipe =    0.06 min. 
 Time of concentration (TC) =     7.27 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        5.000 to Point/Station        5.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 2 
 Stream flow area =      0.820(Ac.) 
 Runoff from this stream =      2.720(CFS) 
 Time of concentration =    7.27 min. 
 Rainfall intensity =     3.831(In/Hr) 
 Summary of stream data: 
 
 Stream   Flow rate      TC            Rainfall Intensity 
  No.       (CFS)       (min)                 (In/Hr) 
 
 
 1        2.633     11.05                 3.043 
 2        2.720      7.27                 3.831 
 Largest stream flow has longer or shorter time of concentration 
 Qp =      2.720 + sum of 
    Qa          Tb/Ta 
     2.633 *    0.658 =      1.732  
 Qp =      4.453 
 
 Total of 2 streams to confluence: 
 Flow rates before confluence point: 
        2.633       2.720 
 Area of streams before confluence: 
         0.980        0.820 
 Results of confluence: 
 Total flow rate =      4.453(CFS) 
 Time of concentration =     7.272 min. 
 Effective stream area after confluence =      1.800(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        5.000 to Point/Station        8.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1097.860(Ft.) 
 Downstream point/station elevation =  1093.600(Ft.) 
 Pipe length  =   175.00(Ft.)   Manning's N = 0.013 
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 No. of pipes = 1  Required pipe flow  =     4.453(CFS) 
 Nearest computed pipe diameter  =     12.00(In.) 
 Calculated individual pipe flow  =     4.453(CFS) 
 Normal flow depth in pipe =    8.12(In.) 
 Flow top width inside pipe =   11.23(In.) 
 Critical Depth =   10.60(In.) 
 Pipe flow velocity =      7.86(Ft/s) 
 Travel time through pipe =    0.37 min. 
 Time of concentration (TC) =     7.64 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        8.000 to Point/Station        8.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 1 
 Stream flow area =      1.800(Ac.) 
 Runoff from this stream =      4.453(CFS) 
 Time of concentration =    7.64 min. 
 Rainfall intensity =     3.727(In/Hr) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        9.000 to Point/Station       10.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Initial area flow distance =   325.000(Ft.) 
 Top (of initial area) elevation =  1108.000(Ft.) 
 Bottom (of initial area) elevation =  1100.000(Ft.) 
 Difference in elevation =     8.000(Ft.) 
 Slope =    0.02462  s(percent)=       2.46 
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2 
 Initial area time of concentration =    6.363 min. 
 Rainfall intensity =      4.123(In/Hr) for a   100.0 year storm 
 COMMERCIAL subarea type                      
 Runoff Coefficient = 0.863 
 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 
 RI index for soil(AMC 2)  =  32.00 
 Pervious area fraction =  0.100; Impervious fraction =  0.900 
 Initial subarea runoff =      6.335(CFS) 
 Total initial stream area =        1.780(Ac.) 
 Pervious area fraction = 0.100 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       10.000 to Point/Station        8.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1100.000(Ft.) 
 Downstream point/station elevation =  1093.800(Ft.) 
 Pipe length  =   428.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =     6.335(CFS) 
 Nearest computed pipe diameter  =     15.00(In.) 
 Calculated individual pipe flow  =     6.335(CFS) 
 Normal flow depth in pipe =   10.29(In.) 
 Flow top width inside pipe =   13.92(In.) 
 Critical Depth =   12.18(In.) 
 Pipe flow velocity =      7.06(Ft/s) 
 Travel time through pipe =    1.01 min. 
 Time of concentration (TC) =     7.37 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        8.000 to Point/Station        8.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 2 
 Stream flow area =      1.780(Ac.) 
 Runoff from this stream =      6.335(CFS) 
 Time of concentration =    7.37 min. 
 Rainfall intensity =     3.802(In/Hr) 
 Summary of stream data: 
 
 Stream   Flow rate      TC            Rainfall Intensity 
  No.       (CFS)       (min)                 (In/Hr) 
 
 
 1        4.453      7.64                 3.727 
 2        6.335      7.37                 3.802 
 Largest stream flow has longer or shorter time of concentration 
 Qp =      6.335 + sum of 
    Qa          Tb/Ta 
     4.453 *    0.965 =      4.296  
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 Qp =     10.631 
 
 Total of 2 streams to confluence: 
 Flow rates before confluence point: 
        4.453       6.335 
 Area of streams before confluence: 
         1.800        1.780 
 Results of confluence: 
 Total flow rate =     10.631(CFS) 
 Time of concentration =     7.373 min. 
 Effective stream area after confluence =      3.580(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        8.000 to Point/Station       11.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1093.600(Ft.) 
 Downstream point/station elevation =  1092.690(Ft.) 
 Pipe length  =   100.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =    10.631(CFS) 
 Nearest computed pipe diameter  =     21.00(In.) 
 Calculated individual pipe flow  =    10.631(CFS) 
 Normal flow depth in pipe =   12.98(In.) 
 Flow top width inside pipe =   20.40(In.) 
 Critical Depth =   14.59(In.) 
 Pipe flow velocity =      6.81(Ft/s) 
 Travel time through pipe =    0.24 min. 
 Time of concentration (TC) =     7.62 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       11.000 to Point/Station       11.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 1 
 Stream flow area =      3.580(Ac.) 
 Runoff from this stream =     10.631(CFS) 
 Time of concentration =    7.62 min. 
 Rainfall intensity =     3.734(In/Hr) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       12.000 to Point/Station       13.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Initial area flow distance =   385.000(Ft.) 
 Top (of initial area) elevation =  1108.700(Ft.) 
 Bottom (of initial area) elevation =  1100.300(Ft.) 
 Difference in elevation =     8.400(Ft.) 
 Slope =    0.02182  s(percent)=       2.18 
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2 
 Initial area time of concentration =    6.975 min. 
 Rainfall intensity =      3.919(In/Hr) for a   100.0 year storm 
 COMMERCIAL subarea type                      
 Runoff Coefficient = 0.862 
 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 
 RI index for soil(AMC 2)  =  32.00 
 Pervious area fraction =  0.100; Impervious fraction =  0.900 
 Initial subarea runoff =      5.846(CFS) 
 Total initial stream area =        1.730(Ac.) 
 Pervious area fraction = 0.100 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       13.000 to Point/Station       11.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1100.300(Ft.) 
 Downstream point/station elevation =  1092.690(Ft.) 
 Pipe length  =    39.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =     5.846(CFS) 
 Nearest computed pipe diameter  =      9.00(In.) 
 Calculated individual pipe flow  =     5.846(CFS) 
 Normal flow depth in pipe =    6.09(In.) 
 Flow top width inside pipe =    8.42(In.) 
 Critical depth could not be calculated. 
 Pipe flow velocity =     18.38(Ft/s) 
 Travel time through pipe =    0.04 min. 
 Time of concentration (TC) =     7.01 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
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 Process from Point/Station       11.000 to Point/Station       11.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 2 
 Stream flow area =      1.730(Ac.) 
 Runoff from this stream =      5.846(CFS) 
 Time of concentration =    7.01 min. 
 Rainfall intensity =     3.908(In/Hr) 
 Summary of stream data: 
 
 Stream   Flow rate      TC            Rainfall Intensity 
  No.       (CFS)       (min)                 (In/Hr) 
 
 
 1       10.631      7.62                 3.734 
 2        5.846      7.01                 3.908 
 Largest stream flow has longer time of concentration 
 Qp =     10.631 + sum of 
    Qb         Ia/Ib 
     5.846 *    0.955 =      5.585  
 Qp =     16.216 
 
 Total of 2 streams to confluence: 
 Flow rates before confluence point: 
       10.631       5.846 
 Area of streams before confluence: 
         3.580        1.730 
 Results of confluence: 
 Total flow rate =     16.216(CFS) 
 Time of concentration =     7.618 min. 
 Effective stream area after confluence =      5.310(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       11.000 to Point/Station       14.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1092.690(Ft.) 
 Downstream point/station elevation =  1091.140(Ft.) 
 Pipe length  =   170.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =    16.216(CFS) 
 Nearest computed pipe diameter  =     24.00(In.) 
 Calculated individual pipe flow  =    16.216(CFS) 
 Normal flow depth in pipe =   15.52(In.) 
 Flow top width inside pipe =   22.95(In.) 
 Critical Depth =   17.42(In.) 
 Pipe flow velocity =      7.55(Ft/s) 
 Travel time through pipe =    0.38 min. 
 Time of concentration (TC) =     7.99 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       14.000 to Point/Station       14.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 1 
 Stream flow area =      5.310(Ac.) 
 Runoff from this stream =     16.216(CFS) 
 Time of concentration =    7.99 min. 
 Rainfall intensity =     3.636(In/Hr) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       15.000 to Point/Station       16.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Initial area flow distance =   427.000(Ft.) 
 Top (of initial area) elevation =  1105.600(Ft.) 
 Bottom (of initial area) elevation =  1101.000(Ft.) 
 Difference in elevation =     4.600(Ft.) 
 Slope =    0.01077  s(percent)=       1.08 
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2 
 Initial area time of concentration =    8.372 min. 
 Rainfall intensity =      3.545(In/Hr) for a   100.0 year storm 
 COMMERCIAL subarea type                      
 Runoff Coefficient = 0.860 
 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 
 RI index for soil(AMC 2)  =  32.00 
 Pervious area fraction =  0.100; Impervious fraction =  0.900 
 Initial subarea runoff =      3.811(CFS) 
 Total initial stream area =        1.250(Ac.) 
 Pervious area fraction = 0.100 
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 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       16.000 to Point/Station       14.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1101.000(Ft.) 
 Downstream point/station elevation =  1091.140(Ft.) 
 Pipe length  =    38.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =     3.811(CFS) 
 Nearest computed pipe diameter  =      9.00(In.) 
 Calculated individual pipe flow  =     3.811(CFS) 
 Normal flow depth in pipe =    4.24(In.) 
 Flow top width inside pipe =    8.99(In.) 
 Critical depth could not be calculated. 
 Pipe flow velocity =     18.59(Ft/s) 
 Travel time through pipe =    0.03 min. 
 Time of concentration (TC) =     8.41 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       14.000 to Point/Station       14.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 2 
 Stream flow area =      1.250(Ac.) 
 Runoff from this stream =      3.811(CFS) 
 Time of concentration =    8.41 min. 
 Rainfall intensity =     3.537(In/Hr) 
 Summary of stream data: 
 
 Stream   Flow rate      TC            Rainfall Intensity 
  No.       (CFS)       (min)                 (In/Hr) 
 
 
 1       16.216      7.99                 3.636 
 2        3.811      8.41                 3.537 
 Largest stream flow has longer or shorter time of concentration 
 Qp =     16.216 + sum of 
    Qa          Tb/Ta 
     3.811 *    0.951 =      3.624  
 Qp =     19.840 
 
 Total of 2 streams to confluence: 
 Flow rates before confluence point: 
       16.216       3.811 
 Area of streams before confluence: 
         5.310        1.250 
 Results of confluence: 
 Total flow rate =     19.840(CFS) 
 Time of concentration =     7.993 min. 
 Effective stream area after confluence =      6.560(Ac.) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       14.000 to Point/Station       17.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1091.140(Ft.) 
 Downstream point/station elevation =  1088.600(Ft.) 
 Pipe length  =   278.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =    19.840(CFS) 
 Nearest computed pipe diameter  =     24.00(In.) 
 Calculated individual pipe flow  =    19.840(CFS) 
 Normal flow depth in pipe =   18.09(In.) 
 Flow top width inside pipe =   20.68(In.) 
 Critical Depth =   19.20(In.) 
 Pipe flow velocity =      7.81(Ft/s) 
 Travel time through pipe =    0.59 min. 
 Time of concentration (TC) =     8.59 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       17.000 to Point/Station       17.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 1 
 Stream flow area =      6.560(Ac.) 
 Runoff from this stream =     19.840(CFS) 
 Time of concentration =    8.59 min. 
 Rainfall intensity =     3.496(In/Hr) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       18.000 to Point/Station       19.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
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 Initial area flow distance =   349.000(Ft.) 
 Top (of initial area) elevation =  1105.200(Ft.) 
 Bottom (of initial area) elevation =  1096.000(Ft.) 
 Difference in elevation =     9.200(Ft.) 
 Slope =    0.02636  s(percent)=       2.64 
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2 
 Initial area time of concentration =    6.457 min. 
 Rainfall intensity =      4.089(In/Hr) for a   100.0 year storm 
 COMMERCIAL subarea type                      
 Runoff Coefficient = 0.863 
 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 
 RI index for soil(AMC 2)  =  32.00 
 Pervious area fraction =  0.100; Impervious fraction =  0.900 
 Initial subarea runoff =      2.894(CFS) 
 Total initial stream area =        0.820(Ac.) 
 Pervious area fraction = 0.100 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       19.000 to Point/Station       17.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1096.000(Ft.) 
 Downstream point/station elevation =  1088.600(Ft.) 
 Pipe length  =    21.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =     2.894(CFS) 
 Nearest computed pipe diameter  =      6.00(In.) 
 Calculated individual pipe flow  =     2.894(CFS) 
 Normal flow depth in pipe =    4.32(In.) 
 Flow top width inside pipe =    5.38(In.) 
 Critical depth could not be calculated. 
 Pipe flow velocity =     19.11(Ft/s) 
 Travel time through pipe =    0.02 min. 
 Time of concentration (TC) =     6.48 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       17.000 to Point/Station       17.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 2 
 Stream flow area =      0.820(Ac.) 
 Runoff from this stream =      2.894(CFS) 
 Time of concentration =    6.48 min. 
 Rainfall intensity =     4.083(In/Hr) 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       20.000 to Point/Station       21.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Initial area flow distance =   410.000(Ft.) 
 Top (of initial area) elevation =  1102.400(Ft.) 
 Bottom (of initial area) elevation =  1097.500(Ft.) 
 Difference in elevation =     4.900(Ft.) 
 Slope =    0.01195  s(percent)=       1.20 
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2 
 Initial area time of concentration =    8.068 min. 
 Rainfall intensity =      3.618(In/Hr) for a   100.0 year storm 
 COMMERCIAL subarea type                      
 Runoff Coefficient = 0.860 
 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 
 RI index for soil(AMC 2)  =  32.00 
 Pervious area fraction =  0.100; Impervious fraction =  0.900 
 Initial subarea runoff =      2.739(CFS) 
 Total initial stream area =        0.880(Ac.) 
 Pervious area fraction = 0.100 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       21.000 to Point/Station       17.000 
 **** PIPEFLOW TRAVEL TIME (Program estimated size) **** 
 ______________________________________________________________________ 
 Upstream point/station elevation =  1097.500(Ft.) 
 Downstream point/station elevation =  1088.600(Ft.) 
 Pipe length  =    30.00(Ft.)   Manning's N = 0.013 
 No. of pipes = 1  Required pipe flow  =     2.739(CFS) 
 Nearest computed pipe diameter  =      6.00(In.) 
 Calculated individual pipe flow  =     2.739(CFS) 
 Normal flow depth in pipe =    4.44(In.) 
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 Flow top width inside pipe =    5.27(In.) 
 Critical depth could not be calculated. 
 Pipe flow velocity =     17.61(Ft/s) 
 Travel time through pipe =    0.03 min. 
 Time of concentration (TC) =     8.10 min. 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station       17.000 to Point/Station       17.000 
 **** CONFLUENCE OF MINOR STREAMS **** 
 ______________________________________________________________________ 
 Along Main Stream number: 1 in normal stream number 3 
 Stream flow area =      0.880(Ac.) 
 Runoff from this stream =      2.739(CFS) 
 Time of concentration =    8.10 min. 
 Rainfall intensity =     3.611(In/Hr) 
 Summary of stream data: 
 
 Stream   Flow rate      TC            Rainfall Intensity 
  No.       (CFS)       (min)                 (In/Hr) 
 
 
 1       19.840      8.59                 3.496 
 2        2.894      6.48                 4.083 
 3        2.739      8.10                 3.611 
 Largest stream flow has longer time of concentration 
 Qp =     19.840 + sum of 
    Qb         Ia/Ib 
     2.894 *    0.856 =      2.478  
    Qb         Ia/Ib 
     2.739 *    0.968 =      2.652  
 Qp =     24.970 
 
 Total of 3 streams to confluence: 
 Flow rates before confluence point: 
       19.840       2.894       2.739 
 Area of streams before confluence: 
         6.560        0.820        0.880 
 Results of confluence: 
 Total flow rate =     24.970(CFS) 
 Time of concentration =     8.586 min. 
 Effective stream area after confluence =      8.260(Ac.) 
 End of computations, total study area =            8.26 (Ac.) 
 The following figures may  
 be used for a unit hydrograph study of the same area.  
 
 Area averaged pervious area fraction(Ap) = 0.100  
 Area averaged RI index number =  32.0 
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   Riverside County Rational Hydrology Program 
 
 CIVILCADD/CIVILDESIGN Engineering Software,(c) 1989 - 2014 Version 9.0 
  Rational Hydrology Study        Date: 03/03/20  File:st.out 
 ------------------------------------------------------------------------ 
  *********   Hydrology Study Control Information ********** 
 
  English (in-lb) Units used in input data file 
 
 ------------------------------------------------------------------------ 
 
 
 Program License Serial Number 5006 
 
 ------------------------------------------------------------------------ 
 Rational Method Hydrology Program based on 
 Riverside County Flood Control & Water Conservation District 
 1978 hydrology manual 
 
 Storm event (year) =  100.00 Antecedent Moisture Condition = 2 
 
 2 year, 1 hour precipitation =  0.550(In.) 
 100 year, 1 hour precipitation =  1.200(In.) 
 
 Storm event year = 100.0 
 Calculated rainfall intensity data: 
 1 hour intensity =  1.200(In/Hr) 
 Slope of intensity duration curve = 0.5500 
 
 
 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        1.000 to Point/Station        2.000 
 **** INITIAL AREA EVALUATION **** 
 ______________________________________________________________________ 
 Initial area flow distance =   508.000(Ft.) 
 Top (of initial area) elevation =  1109.600(Ft.) 
 Bottom (of initial area) elevation =  1104.800(Ft.) 
 Difference in elevation =     4.800(Ft.) 
 Slope =    0.00945  s(percent)=       0.94 
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2 
 Initial area time of concentration =    9.213 min. 
 Rainfall intensity =      3.363(In/Hr) for a   100.0 year storm 
 COMMERCIAL subarea type                      
 Runoff Coefficient = 0.859 
 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 
 RI index for soil(AMC 2)  =  32.00 
 Pervious area fraction =  0.100; Impervious fraction =  0.900 
 Initial subarea runoff =      1.646(CFS) 
 Total initial stream area =        0.570(Ac.) 
 Pervious area fraction = 0.100 
 
 
 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
 Process from Point/Station        2.000 to Point/Station        3.000 
 **** STREET FLOW TRAVEL TIME + SUBAREA FLOW ADDITION **** 
 ______________________________________________________________________ 
 Top of street segment elevation =  1104.800(Ft.) 
 End of street segment elevation =  1100.000(Ft.) 
 Length of street segment  =   630.000(Ft.) 
 Height of curb above gutter flowline  =    6.0(In.) 
 Width of half street (curb to crown)  =  32.000(Ft.) 
 Distance from crown to crossfall grade break  =  30.000(Ft.) 
 Slope from gutter to grade break (v/hz) =   0.015 
 Slope from grade break to crown (v/hz)  =   0.015 
 Street flow is on [1] side(s) of the street  
 Distance from curb to property line  =  10.000(Ft.) 
 Slope from curb to property line (v/hz) =   0.015 
 Gutter width =   2.000(Ft.) 
 Gutter hike from flowline =  2.000(In.) 
  Manning's N in gutter =  0.0150 
  Manning's N from gutter to grade break =  0.0150 
  Manning's N from grade break to crown =  0.0150 
 Estimated mean flow rate at midpoint of street =      2.451(CFS) 
 Depth of flow =   0.324(Ft.), Average velocity =   1.884(Ft/s) 



St 100yr  Page 2 of 2 

 

 Streetflow hydraulics at midpoint of street travel: 
 Halfstreet flow width =  12.459(Ft.) 
 Flow velocity =   1.88(Ft/s) 
 Travel time =    5.57 min.     TC =   14.79  min. 
  Adding area flow to street 
 COMMERCIAL subarea type                      
 Runoff Coefficient = 0.853 
 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 
 RI index for soil(AMC 2)  =  32.00 
 Pervious area fraction =  0.100; Impervious fraction =  0.900 
 Rainfall intensity =      2.593(In/Hr) for a   100.0 year storm 
 Subarea runoff =      1.548(CFS) for      0.700(Ac.) 
 Total runoff =      3.195(CFS) Total area =       1.270(Ac.) 
 Street flow at end of street =      3.195(CFS) 
 Half street flow at end of street =      3.195(CFS) 
 Depth of flow =   0.346(Ft.), Average velocity =   2.004(Ft/s) 
 Flow width (from curb towards crown)=  13.941(Ft.) 
 End of computations, total study area =            1.27 (Ac.) 
 The following figures may  
 be used for a unit hydrograph study of the same area.  
 
 Area averaged pervious area fraction(Ap) = 0.100  
 Area averaged RI index number =  32.0 
 
 



 

   

Appendix D:  

Pre-Development Rational Hydrology Map
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Appendix E: 

Pre-Development 10-Year Storm Event Rational Hydrology



Ex 10yr Page 1 of 1

Riverside County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c) 1989 - 2014 Version 9.0
Rational Hydrology Study        Date: 03/02/20  File:ex10.out

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

 English (in-lb) Units used in input data file

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

Program License Serial Number 5006

------------------------------------------------------------------------
Rational Method Hydrology Program based on
Riverside County Flood Control & Water Conservation District
1978 hydrology manual

Storm event (year) =   10.00 Antecedent Moisture Condition = 2

2 year, 1 hour precipitation =  0.550(In.)
100 year, 1 hour precipitation =  1.200(In.)

Storm event year =  10.0
Calculated rainfall intensity data:
1 hour intensity =  0.817(In/Hr)
Slope of intensity duration curve = 0.5500

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.000 to Point/Station        2.000
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Initial area flow distance =  1000.000(Ft.)
Top (of initial area) elevation =  1114.800(Ft.)
Bottom (of initial area) elevation =  1088.400(Ft.)
Difference in elevation =    26.400(Ft.)
Slope =    0.02640  s(percent)=       2.64
TC = k(0.530)*[(length^3)/(elevation change)]^0.2
Initial area time of concentration =   17.376 min.
Rainfall intensity =      1.616(In/Hr) for a    10.0 year storm
UNDEVELOPED (poor cover) subarea           
Runoff Coefficient = 0.640
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
RI index for soil(AMC 2)  =  67.00
Pervious area fraction =  1.000; Impervious fraction =  0.000
Initial subarea runoff =      8.098(CFS)
Total initial stream area =        7.830(Ac.)
Pervious area fraction = 1.000
End of computations, total study area =            7.83 (Ac.)
The following figures may
be used for a unit hydrograph study of the same area.

Area averaged pervious area fraction(Ap) = 1.000
Area averaged RI index number =  67.0



Ex1 10yr Page 1 of 1

Riverside County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c) 1989 - 2014 Version 9.0
Rational Hydrology Study        Date: 03/02/20  File:ex110.out

------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********
 English (in-lb) Units used in input data file
------------------------------------------------------------------------
Program License Serial Number 5006
------------------------------------------------------------------------
Rational Method Hydrology Program based on
Riverside County Flood Control & Water Conservation District 1978 hydrology manual
Storm event (year) =   10.00 Antecedent Moisture Condition = 2
2 year, 1 hour precipitation =  0.550(In.)
100 year, 1 hour precipitation =  1.200(In.)
Storm event year =  10.0
Calculated rainfall intensity data:
1 hour intensity =  0.817(In/Hr)
Slope of intensity duration curve = 0.5500

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        3.000 to Point/Station        4.000
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Initial area flow distance =   484.000(Ft.)
Top (of initial area) elevation =  1109.600(Ft.)
Bottom (of initial area) elevation =  1105.900(Ft.)
Difference in elevation =     3.700(Ft.)
Slope =    0.00764  s(percent)=       0.76
TC = k(0.530)*[(length^3)/(elevation change)]^0.2
Initial area time of concentration =   16.655 min.
Rainfall intensity =      1.654(In/Hr) for a    10.0 year storm
UNDEVELOPED (poor cover) subarea           
Runoff Coefficient = 0.644
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
RI index for soil(AMC 2)  =  67.00
Pervious area fraction =  1.000; Impervious fraction =  0.000
Initial subarea runoff =      0.607(CFS)
Total initial stream area =        0.570(Ac.)
Pervious area fraction = 1.000

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        4.000 to Point/Station        5.000
**** NATURAL CHANNEL TIME + SUBAREA FLOW ADDITION ****
______________________________________________________________________
Top of natural channel elevation =   1105.900(Ft.)
End of natural channel elevation =   1100.000(Ft.)
Length of natural channel  =   641.000(Ft.)
Estimated mean flow rate at midpoint of channel =      0.980(CFS)
Natural valley channel type used
L.A. County flood control district formula for channel velocity:
 Velocity(ft/s) = (7 + 8(q(English Units)^.352)(slope^0.5)
Velocity using mean channel flow =   1.43(Ft/s)
Correction to map slope used on extremely rugged channels with
drops and waterfalls (Plate D-6.2)

Normal channel slope =  0.0092
Corrected/adjusted channel slope =  0.0092
Travel time =    7.45 min.     TC =   24.11  min.
 Adding area flow to channel
UNDEVELOPED (poor cover) subarea           
Runoff Coefficient = 0.605
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
RI index for soil(AMC 2)  =  67.00
Pervious area fraction =  1.000; Impervious fraction =  0.000
Rainfall intensity =      1.350(In/Hr) for a    10.0 year storm
Subarea runoff =      0.572(CFS) for      0.700(Ac.)
Total runoff =      1.179(CFS) Total area =       1.270(Ac.)
End of computations, total study area =            1.27 (Ac.)
The following figures maybe used for a unit hydrograph study of the same area.
Area averaged pervious area fraction(Ap) = 1.000
Area averaged RI index number =  67.0



 

   

Appendix F:  

Pre-Development 100-Year Storm Event Rational Hydrology 



Ex 100yr Page 1 of 1

Riverside County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c) 1989 - 2014 Version 9.0
Rational Hydrology Study        Date: 03/02/20  File:ex.out

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

 English (in-lb) Units used in input data file

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

Program License Serial Number 5006

------------------------------------------------------------------------
Rational Method Hydrology Program based on
Riverside County Flood Control & Water Conservation District
1978 hydrology manual

Storm event (year) =  100.00 Antecedent Moisture Condition = 2

2 year, 1 hour precipitation =  0.550(In.)
100 year, 1 hour precipitation =  1.200(In.)

Storm event year = 100.0
Calculated rainfall intensity data:
1 hour intensity =  1.200(In/Hr)
Slope of intensity duration curve = 0.5500

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        1.000 to Point/Station        2.000
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Initial area flow distance =  1000.000(Ft.)
Top (of initial area) elevation =  1114.800(Ft.)
Bottom (of initial area) elevation =  1088.400(Ft.)
Difference in elevation =    26.400(Ft.)
Slope =    0.02640  s(percent)=       2.64
TC = k(0.530)*[(length^3)/(elevation change)]^0.2
Initial area time of concentration =   17.376 min.
Rainfall intensity =      2.372(In/Hr) for a   100.0 year storm
UNDEVELOPED (poor cover) subarea           
Runoff Coefficient = 0.705
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
RI index for soil(AMC 2)  =  67.00
Pervious area fraction =  1.000; Impervious fraction =  0.000
Initial subarea runoff =     13.094(CFS)
Total initial stream area =        7.830(Ac.)
Pervious area fraction = 1.000
End of computations, total study area =            7.83 (Ac.)
The following figures may
be used for a unit hydrograph study of the same area.

Area averaged pervious area fraction(Ap) = 1.000
Area averaged RI index number =  67.0



Ex1 100yr Page 1 of 1

Riverside County Rational Hydrology Program

CIVILCADD/CIVILDESIGN Engineering Software,(c) 1989 - 2014 Version 9.0
Rational Hydrology Study        Date: 03/02/20  File:ex1.out

------------------------------------------------------------------------
 *********   Hydrology Study Control Information **********
 English (in-lb) Units used in input data file
------------------------------------------------------------------------
Program License Serial Number 5006
------------------------------------------------------------------------
Rational Method Hydrology Program based on
Riverside County Flood Control & Water Conservation District 1978 hydrology manual
Storm event (year) =  100.00 Antecedent Moisture Condition = 2
2 year, 1 hour precipitation =  0.550(In.)
100 year, 1 hour precipitation =  1.200(In.)
Storm event year = 100.0
Calculated rainfall intensity data:
1 hour intensity =  1.200(In/Hr)
Slope of intensity duration curve = 0.5500

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        3.000 to Point/Station        4.000
**** INITIAL AREA EVALUATION ****
______________________________________________________________________
Initial area flow distance =   484.000(Ft.)
Top (of initial area) elevation =  1109.600(Ft.)
Bottom (of initial area) elevation =  1105.900(Ft.)
Difference in elevation =     3.700(Ft.)
Slope =    0.00764  s(percent)=       0.76
TC = k(0.530)*[(length^3)/(elevation change)]^0.2
Initial area time of concentration =   16.655 min.
Rainfall intensity =      2.428(In/Hr) for a   100.0 year storm
UNDEVELOPED (poor cover) subarea           
Runoff Coefficient = 0.708
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
RI index for soil(AMC 2)  =  67.00
Pervious area fraction =  1.000; Impervious fraction =  0.000
Initial subarea runoff =      0.981(CFS)
Total initial stream area =        0.570(Ac.)
Pervious area fraction = 1.000

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
Process from Point/Station        4.000 to Point/Station        5.000
**** NATURAL CHANNEL TIME + SUBAREA FLOW ADDITION ****
______________________________________________________________________
Top of natural channel elevation =   1105.900(Ft.)
End of natural channel elevation =   1100.000(Ft.)
Length of natural channel  =   641.000(Ft.)
Estimated mean flow rate at midpoint of channel =      1.583(CFS)
Natural valley channel type used
L.A. County flood control district formula for channel velocity:
 Velocity(ft/s) = (7 + 8(q(English Units)^.352)(slope^0.5)
Velocity using mean channel flow =   1.57(Ft/s)
Correction to map slope used on extremely rugged channels with
drops and waterfalls (Plate D-6.2)

Normal channel slope =  0.0092
Corrected/adjusted channel slope =  0.0092
Travel time =    6.79 min.     TC =   23.44  min.
 Adding area flow to channel
UNDEVELOPED (poor cover) subarea           
Runoff Coefficient = 0.679
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
RI index for soil(AMC 2)  =  67.00
Pervious area fraction =  1.000; Impervious fraction =  0.000
Rainfall intensity =      2.012(In/Hr) for a   100.0 year storm
Subarea runoff =      0.956(CFS) for      0.700(Ac.)
Total runoff =      1.936(CFS) Total area =       1.270(Ac.)
End of computations, total study area =            1.27 (Ac.)
The following figures maybe used for a unit hydrograph study of the same area.
Area averaged pervious area fraction(Ap) = 1.000
Area averaged RI index number =  67.0



 

   

Appendix G: Plates
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Appendix H: FEMA Firmette



USGS The National Map: Orthoimagery. Data refreshed April, 2019.
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Appendix I: Riverside County Flood Control & Water Conservation 

District Reference Plans 
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