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SECTION 1 -  SUMMARY 

PURPOSE 

The purpose of this report is to document the hydrologic and hydraulic analyses performed in support of 
the First Harley Knox logistics project located in the City of Perris, County of Riverside, California.  The 
project site is located at the northwest corner of Harley Knox Boulevard and Redlands Ave.  The project is 
bounded by Oleander Ave to the north, existing light industrial complex to the west, Harley Knox 
Boulevard to the south, and the Redlands Avenue to the east.  The project proposes to build an industrial 
warehouse on approximately 9.5 acres.  This report will summarize the hydrologic and hydraulic 
analyses that were conducted in order to determine the necessary drainage improvements required to 
provide flood protection for the proposed building and safely convey the runoff through the site. 

The scope of this report will include the following: 

• Determine the peak 100-year and 10-year flow rates for the developed condition using the 
Riverside County Flood Control and Water Conservation District (RCFC&WCD) Rational 
Method. 

• Determine the required storm drain facilities, alignment, and sizes required to flood protect the 
project site. 

• Determine the necessary underground storage area and volume required for water quality 
treatment and to mitigate for increases in runoff. 

• Preparation of a preliminary report summarizing the hydrology and hydraulic results. 

DESCRIPTION OF WATERSHED 

The project is proposing an industrial warehouse (approximately 158,550square feet) on approximately 
9.5 acres of vacant land. Existing elevations across the site vary from 1459 at the northwest corner to 1458 
at the southeast corner (NAVD88 Datum). The site currently slopes down at approximately 0.3% to the 
southeast corner. The existing drainage pattern for the site and the general area is characterized by sheet 
flow that currently flows to Harley Knox Boulevard.  Flows are captured by an existing catch basin 
located on the north side of Harley Knox Boulevard and then conveyed within the existing Lat D-3A-4 
towards the Perris Valley Storm Drain Channel. 

PROPOSED CONDITIONS 

The project site is not impacted by off-site flows as there are existing streets around the perimeter of the 
project that convey any offsite flow away from the site. The balanced earthwork does not allow for 
conventional gravity storm drains due to lack of drop across the site from the south to the north. In order 
to convey on-site flows, the project will utilize subsurface storm drain to discharge into underground 
storage chambers. The chambers are located at the east side of the auto parking stalls along Redlands 
Avenue and they are sized to hold only the water quality design capture volume for the project. Large 
flows will be forced out of the chambers at an outlet above the chamber soffit and gravity flow to the 
existing 48” storm drain line (Lat D-3A) at Harley Knox Boulevard. Water quality runoff will be pumped 
from the chambers into a Contech Filterra unit.  
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METHODOLOGY 

HYDROLOGY 
Hydrologic calculations were performed in accordance with the RCFC&WCD Hydrology Manual, dated 
April 1978.  The Rational Method was utilized in determining peak flow rates. 

The hydrological parameters, including rainfall values and soil types were derived from the RCFC&WCD 
Hydrology Manual.  The isohyetal maps and soil map have been included in Section 2. 

Rational Method calculations were performed using a computer program developed by CivilDesign 
Corporation and Joseph E. Bonadiman and Associates Inc.  The computer program is commonly referred 
to as CivilD which incorporates the hydrological parameters outlined in the RCFC&WCD Hydrology 
Manual. 

The Rational Method was used to determine the peak flow rates to size and design the drainage facilities 
need to convey onsite flows through the site to the proposed basin.  The flow rates were computed by 
generating a hydrologic “link-node” model in which the overall area is divided into separate drainage 
sub-areas, each tributary to a concentration point (node) determined by the proposed layout and grading. 

The Unit Hydrograph Method was used to determine the peak flow rates and volumes associated with 
the 100-year storm events for the site.  Calculations were performed for both the existing condition and 
developed condition to be used in the analysis of the proposed basin.  See Section 2 for additional 
information and results regarding the hydrologic analyses performed for this project. 

HYDRAULICS 
Water quality basin calculations were performed using spreadsheets that were created by RCFC&WCD.  
preliminary calculations and additional details can be found in the preliminary-WQMP. 

Basin routing calculations were performed using the CivilD computer program.  The CivilD program 
utilizes the Modified-Puls methodology to routes unit hydrographs through a basin using the stage-
storage and stage-discharge curves determined from the proposed basin design.  See Section 3 for 
additional discussion and results. 

Hydraulic calculations to determine the required pipe sizes of the proposed onsite storm drain facilities 
will be provided in the Final Drainage Study.
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Figure 1. Vicinity Map
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Figure 2. USGS Topography Map
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Figure 3. Aerial Photograph
Sources:  County of Riverside GIS, 2016
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Figure 4. Receiving WaterbodiesSources:  USGS 30 Meter DEM;
USGS Digital Line Graph
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Figure 5. Soils Map

Riverside County GIS, 2016
RCFC&WCD Hydology Manual Plate C-1.30
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SECTION 2 -  HYDROLOGY ANALYSIS  

HYDROLOGY PARAMETERS 

The RCFC&WCD Hydrology Manual was used to determine several of the hydrological parameters.  The 
following rainfall depths were utilized in the hydrology analyses, which were obtained from the 
isohyetal maps provided in the RCFC&WCD Hydrology Manual: 

 

Table 1 – Precipitation Values 

 

Duration 

Storm Event 

1-Hour 

(inches) 

10-Year 0.78 

100-Year 1.12 

 
The value for slope of intensity was determined to be 0.49.  The isohyetal maps have been included in 
Appendix A. 

Based on the Plate C-1.30 (Perris) in the RCFC&WCD Hydrology Manual, the project site is classified as 
soil type C.  The soils map is included in Appendix A. 

The residential\commercial landscaping cover type was used to represent the developed condition.  
Table 2 below summarizes the runoff index values and the recommended values for percentage of 
impervious cover for each category: 

Table 2 – Cover Type  

Cover 

Type 

Soil 

Group 

A 

Soil 

Group 

B 

Soil 

Group 

C 

Soil 

Group 

D 

Percentage 

of 

Impervious 

Cover 

Commercial 

Landscaping 

32 56 69 75 90% 

 

 

ON-SITE RATIONAL METHOD HYDROLOGY 

The rational method was used to determine peak flow rates in order to adequately size the proposed 
subsurface storm drains and associated inlets used to convey on-site flows to the proposed underground 
storage chambers.  The project site was separated into four subareas.  Subarea 1 (5.6 acres) is essentially 
the northerly half of the site and is tributary to inlet 102.  Subarea 2 (0.9 acres) is the northernly half of the 
eastern parking area and is tributary to inlet 202. Subarea 3 (0.3 acres) is the southernly half of the eastern 
parking area and is tributary to inlet 302. Subarea 4 (2.4 acres) is the southerly half of the site and is 
tributary to inlet 402.  The project is comprised of approximately 15% pervious cover (landscaping).  The 
project was modeled as commercial land use which assumes a 10% pervious cover which is slightly more 
conservative than what is proposed. As previously described, the underground storage chambers will 
utilize an outlet structure where high flow will gravity feed to the existing Lat D-3A line located in 
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Harley Knox Boulevard. Low flows from the underground storage chambers will discharge to a Contech 
Filterra unit for water quality treatment.  

The rational method was used to determine peak flow rates in order to adequately size the proposed 
subsurface storm drains and associated inlets used to convey on-site flows through the site and into the 
existing Lat D-3A storm drain. The project site area was divided into 4 subareas.  

Area-1 (approximately 5.6 acres) surface flows into a trench drain along the truck docking stalls. A 100-
year peak flow of 14.3 cfs is generated by this subarea. The runoff will be conveyed around the building 
towards Area-2 using Line-A.  

Area-2 (approximately 0.9 acres) surface flows into 1 low point on the east side of the project. A 100-year 
peak flow of 2.3 cfs is generated by this subarea. The runoff will be conveyed towards the underground 
storage chambers using Lat A-1.  

Area-3 (approximately 0.3 acres) surface flows into 1 low point on the east side of the project. A 100-year 
peak flow of 1.0 cfs is generated by this subarea. The runoff will be conveyed towards the underground 
storage chambers using Lat A-2. 

Area-4 (approximately 2.4 acres) surface flows into several low points on the south side of the project. A 
100-year peak flow of 8.0 cfs is generated by this subarea. The runoff will be conveyed towards the 
underground storage chambers using Line-B. 

A peak 100 year flow rate of 23.7 cfs is generated by the site, including the off-site areas and underground 
storage area. An emergency escape route will be provided capable of bypassing the peak 100 year flow 
rate.  

The following table summarizes the rational method results at key points: 

 

Table 3 – Rational Method Results   

Point of Interest 

10-Year 

Peak Flow Rate 

(cfs) 

100-Year 

Peak Flow Rate 

(cfs) 

Node 102 – Flow tributary to proposed inlet and Line A 9.9 14.3 

Node 103 – Total Flow tributary to line A 16.4 23.7 

Node 202 – Flow tributary to proposed inlet and Lat A-1 1.6 2.3 

Node 203 – Total Flow tributary to Lat A-1 16.4 23.7 

Node 302 – Flow tributary to proposed inlet and Lat A-2 0.7 1.0 

Node 303 – Total Flow tributary to Lat A-2 16.4 23.7 

Node 402 – Flow tributary to proposed inlet and Line B 5.8 8.0 

Node 403 – Total Flow tributary to Line B 16.4 23.7 

 

The rational method output files and hydrology map have been included in Appendix A. 
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SECTION 3 -  HYDRAULIC ANALYSIS 

ON-SITE STORM DRAIN FACILITIES 

The project proposes minimal subsurface storm drain and will utilize curb and gutter and ribbon gutters 
to convey onsite high flows to the proposed underground storage chamber.  The proposed underground 
storage chambers will receive the runoff generated by 9.5 acres of the site primarily on the easterly side of 
the site for water quality treatment. 

The project proposes one subsurface storm drain system to convey on-site flows. The runoff will 
discharge into the underground storage chambers. The discharge from the underground storage 
chambers will be conveyed to a pump facility where it will outflow for water quality purposes. High 
flows discharged from the underground storage chambers will gravity flow to the existing Line D-3A 
located in Harley Knox Boulevard.   

A brief summary of each system has been provided and the results of the hydraulic analyses are included 
at the end of the section.  The peak flow rates determined during the 100-year rational method on-site 
hydrology analysis were utilized to evaluate the proposed storm drain systems. 

Line-A (Onsite)  

The north portion of the project site will surface flow to a trench drain along the truck docking stalls and 
be collected by Line A-1, a 24” HDPE pipe. Line-A proposes to convey the 100-year peak flow rate to the 
underground storage chamber. A hydraulic model for Line A-1 will be provided during final engineering 
to further assess the storm drain design.  

Line-B (Onsite)  

The south portion of the project site will surface flow to several low points in the south side landscaping 
area and be collected by Line B-1, a 24” HDPE pipe. Line-B proposes to convey the 100-year peak flow 
rate to the underground storage chamber. A hydraulic model for Line B-1 will be provided during final 
engineering to further assess the storm drain design.  

 

OFF-SITE STORM DRAIN FACILITIES 

As part of this project, the only offsite improvements proposed for Harley Knox Blvd include the 
construction of a driveway and sidewalk along the project frontage. There is an existing low point (Lat D-
3A-4), within Harley Knox Boulevard.  A 30" RCP offsite storm drain connection is proposed to convey 
all collected, onsite flows towards the existing 48" RCP lateral D-3A located along Harley Knox 
Boulevard.  A peak flow rate of 21.1 cfs is expected per the rational method analysis (See Section 2 and 
Appendix A for more detail). 
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SECTION 4 -  CONCLUSION 

Based on the analyses and results of this report, the following conclusions were derived from the 
hydrology and hydraulic results: 

• The proposed drainage improvements will adequately convey flows to the underground storage 
chambers and provide flood protection for the 100-year storm event. 

• The proposed Contech Filterra unit will provide adequate water quality treatment. 

• The proposed project will not impact flooding condition to upstream or downstream properties. 
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HYDROLOGIC SOILS GROUP MAP (PLATE C-1.30) 
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10-YEAR ONSITE HYDROLOGY (RATIONAL METHOD) 



   Riverside County Rational Hydrology Program

 CIVILCADD/CIVILDESIGN Engineering Software,(c) 1989 - 2004 Version 7.0
  Rational Hydrology Study        Date: 08/12/21  File:prop10.out
 ------------------------------------------------------------------------
 20-0082 - FIR HK
 ONSITE RATIONAL METHOD HYDROLOGY 
 10 YEAR STORM EVENT 
 FN: PROP10.OUT RC
 ------------------------------------------------------------------------
  *********   Hydrology Study Control Information **********

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

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

 Program License Serial Number 4010

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

 Standard intensity-duration curves data (Plate D-4.1)
 For the [ Perris Valley ] area used.
 10 year storm 10 minute intensity =  1.880(In/Hr)
 10 year storm 60 minute intensity =  0.780(In/Hr)
 100 year storm 10 minute intensity =  2.690(In/Hr)
 100 year storm 60 minute intensity =  1.120(In/Hr)

 Storm event year =  10.0
 Calculated rainfall intensity data:
 1 hour intensity =  0.780(In/Hr)
 Slope of intensity duration curve = 0.4900

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      101.000 to Point/Station      102.000
 **** INITIAL AREA EVALUATION ****
 ______________________________________________________________________
 Initial area flow distance =   363.000(Ft.)
 Top (of initial area) elevation =  1459.100(Ft.)
 Bottom (of initial area) elevation =  1456.800(Ft.)



 Difference in elevation =     2.300(Ft.)
 Slope =    0.00634  s(percent)=       0.63
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2
 Initial area time of concentration =    8.724 min.
 Rainfall intensity =      2.006(In/Hr) for a    10.0 year storm
 COMMERCIAL subarea type                     
 Runoff Coefficient = 0.879
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 0.000
 Decimal fraction soil group C = 1.000
 Decimal fraction soil group D = 0.000
 RI index for soil(AMC 2)  =  69.00
 Pervious area fraction =  0.100; Impervious fraction =  0.900
 Initial subarea runoff =      9.880(CFS)
 Total initial stream area =        5.600(Ac.)
 Pervious area fraction = 0.100

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      102.000 to Point/Station      103.000
 **** PIPEFLOW TRAVEL TIME (Program estimated size) ****
 ______________________________________________________________________
 Upstream point/station elevation =  1451.900(Ft.)
 Downstream point/station elevation =  1450.300(Ft.)
 Pipe length  =   512.00(Ft.)   Manning's N = 0.012
 No. of pipes = 1  Required pipe flow  =     9.880(CFS)
 Nearest computed pipe diameter  =     21.00(In.)
 Calculated individual pipe flow  =     9.880(CFS)
 Normal flow depth in pipe =   17.81(In.)
 Flow top width inside pipe =   15.07(In.)
 Critical Depth =   14.04(In.)
 Pipe flow velocity =      4.54(Ft/s)
 Travel time through pipe =    1.88 min.
 Time of concentration (TC) =    10.60 min.

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      102.000 to Point/Station      103.000
 **** CONFLUENCE OF MINOR STREAMS ****
 ______________________________________________________________________
 Along Main Stream number: 1 in normal stream number 1
 Stream flow area =      5.600(Ac.)
 Runoff from this stream =      9.880(CFS)
 Time of concentration =   10.60 min.
 Rainfall intensity =     1.823(In/Hr)

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      201.000 to Point/Station      202.000
 **** INITIAL AREA EVALUATION ****



 ______________________________________________________________________
 Initial area flow distance =   395.000(Ft.)
 Top (of initial area) elevation =  1460.100(Ft.)
 Bottom (of initial area) elevation =  1457.400(Ft.)
 Difference in elevation =     2.700(Ft.)
 Slope =    0.00684  s(percent)=       0.68
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2
 Initial area time of concentration =    8.888 min.
 Rainfall intensity =      1.988(In/Hr) for a    10.0 year storm
 COMMERCIAL subarea type                     
 Runoff Coefficient = 0.879
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 0.000
 Decimal fraction soil group C = 1.000
 Decimal fraction soil group D = 0.000
 RI index for soil(AMC 2)  =  69.00
 Pervious area fraction =  0.100; Impervious fraction =  0.900
 Initial subarea runoff =      1.573(CFS)
 Total initial stream area =        0.900(Ac.)
 Pervious area fraction = 0.100

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      202.000 to Point/Station      203.000
 **** PIPEFLOW TRAVEL TIME (Program estimated size) ****
 ______________________________________________________________________
 Upstream point/station elevation =  1451.800(Ft.)
 Downstream point/station elevation =  1451.500(Ft.)
 Pipe length  =    29.00(Ft.)   Manning's N = 0.012
 No. of pipes = 1  Required pipe flow  =     1.573(CFS)
 Nearest computed pipe diameter  =      9.00(In.)
 Calculated individual pipe flow  =     1.573(CFS)
 Normal flow depth in pipe =    6.45(In.)
 Flow top width inside pipe =    8.11(In.)
 Critical Depth =    6.93(In.)
 Pipe flow velocity =      4.64(Ft/s)
 Travel time through pipe =    0.10 min.
 Time of concentration (TC) =     8.99 min.

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      202.000 to Point/Station      203.000
 **** CONFLUENCE OF MINOR STREAMS ****
 ______________________________________________________________________
 Along Main Stream number: 1 in normal stream number 2
 Stream flow area =      0.900(Ac.)
 Runoff from this stream =      1.573(CFS)
 Time of concentration =    8.99 min.
 Rainfall intensity =     1.977(In/Hr)



 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      301.000 to Point/Station      302.000
 **** INITIAL AREA EVALUATION ****
 ______________________________________________________________________
 Initial area flow distance =   120.000(Ft.)
 Top (of initial area) elevation =  1461.000(Ft.)
 Bottom (of initial area) elevation =  1458.600(Ft.)
 Difference in elevation =     2.400(Ft.)
 Slope =    0.02000  s(percent)=       2.00
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2
 Warning: TC computed to be less than 5 min.; program is assuming the
 time of concentration is 5 minutes.
 Initial area time of concentration =    5.000 min.
 Rainfall intensity =      2.636(In/Hr) for a    10.0 year storm
 COMMERCIAL subarea type                     
 Runoff Coefficient = 0.883
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 0.000
 Decimal fraction soil group C = 1.000
 Decimal fraction soil group D = 0.000
 RI index for soil(AMC 2)  =  69.00
 Pervious area fraction =  0.100; Impervious fraction =  0.900
 Initial subarea runoff =      0.698(CFS)
 Total initial stream area =        0.300(Ac.)
 Pervious area fraction = 0.100

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      302.000 to Point/Station      303.000
 **** PIPEFLOW TRAVEL TIME (Program estimated size) ****
 ______________________________________________________________________
 Upstream point/station elevation =  1451.800(Ft.)
 Downstream point/station elevation =  1451.500(Ft.)
 Pipe length  =    41.00(Ft.)   Manning's N = 0.012
 No. of pipes = 1  Required pipe flow  =     0.698(CFS)
 Nearest computed pipe diameter  =      9.00(In.)
 Calculated individual pipe flow  =     0.698(CFS)
 Normal flow depth in pipe =    4.27(In.)
 Flow top width inside pipe =    8.99(In.)
 Critical Depth =    4.56(In.)
 Pipe flow velocity =      3.39(Ft/s)
 Travel time through pipe =    0.20 min.
 Time of concentration (TC) =     5.20 min.

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      302.000 to Point/Station      303.000
 **** CONFLUENCE OF MINOR STREAMS ****
 ______________________________________________________________________



 Along Main Stream number: 1 in normal stream number 3
 Stream flow area =      0.300(Ac.)
 Runoff from this stream =      0.698(CFS)
 Time of concentration =    5.20 min.
 Rainfall intensity =     2.585(In/Hr)

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      401.000 to Point/Station      402.000
 **** INITIAL AREA EVALUATION ****
 ______________________________________________________________________
 Initial area flow distance =   171.000(Ft.)
 Top (of initial area) elevation =  1462.100(Ft.)
 Bottom (of initial area) elevation =  1458.300(Ft.)
 Difference in elevation =     3.800(Ft.)
 Slope =    0.02222  s(percent)=       2.22
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2
 Initial area time of concentration =    5.023 min.
 Rainfall intensity =      2.630(In/Hr) for a    10.0 year storm
 COMMERCIAL subarea type                     
 Runoff Coefficient = 0.883
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 0.000
 Decimal fraction soil group C = 1.000
 Decimal fraction soil group D = 0.000
 RI index for soil(AMC 2)  =  69.00
 Pervious area fraction =  0.100; Impervious fraction =  0.900
 Initial subarea runoff =      5.575(CFS)
 Total initial stream area =        2.400(Ac.)
 Pervious area fraction = 0.100

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      402.000 to Point/Station      403.000
 **** PIPEFLOW TRAVEL TIME (Program estimated size) ****
 ______________________________________________________________________
 Upstream point/station elevation =  1454.200(Ft.)
 Downstream point/station elevation =  1451.300(Ft.)
 Pipe length  =   597.00(Ft.)   Manning's N = 0.012
 No. of pipes = 1  Required pipe flow  =     5.575(CFS)
 Nearest computed pipe diameter  =     18.00(In.)
 Calculated individual pipe flow  =     5.575(CFS)
 Normal flow depth in pipe =   11.13(In.)
 Flow top width inside pipe =   17.49(In.)
 Critical Depth =   10.93(In.)
 Pipe flow velocity =      4.86(Ft/s)
 Travel time through pipe =    2.05 min.
 Time of concentration (TC) =     7.07 min.



 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      402.000 to Point/Station      403.000
 **** CONFLUENCE OF MINOR STREAMS ****
 ______________________________________________________________________
 Along Main Stream number: 1 in normal stream number 4
 Stream flow area =      2.400(Ac.)
 Runoff from this stream =      5.575(CFS)
 Time of concentration =    7.07 min.
 Rainfall intensity =     2.224(In/Hr)
 Summary of stream data:

 Stream   Flow rate      TC            Rainfall Intensity
  No.       (CFS)       (min)                 (In/Hr)

 1        9.880     10.60                 1.823
 2        1.573      8.99                 1.977
 3        0.698      5.20                 2.585
 4        5.575      7.07                 2.224
 Largest stream flow has longer time of concentration
 Qp =      9.880 + sum of
    Qb         Ia/Ib
     1.573 *    0.922 =      1.451 
    Qb         Ia/Ib
     0.698 *    0.705 =      0.493 
    Qb         Ia/Ib
     5.575 *    0.820 =      4.571 
 Qp =     16.394

 Total of 4 streams to confluence:
 Flow rates before confluence point:
        9.880       1.573       0.698       5.575
 Area of streams before confluence:
         5.600        0.900        0.300        2.400
 Results of confluence:
 Total flow rate =     16.394(CFS)
 Time of concentration =    10.604 min.
 Effective stream area after confluence =      9.200(Ac.)
 End of computations, total study area =            9.20 (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 =  69.0
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Appendix A  

100-YEAR ONSITE HYDROLOGY (RATIONAL METHOD) 



   Riverside County Rational Hydrology Program

 CIVILCADD/CIVILDESIGN Engineering Software,(c) 1989 - 2004 Version 7.0
  Rational Hydrology Study        Date: 08/12/21  File:prop100.out
 ------------------------------------------------------------------------
 20-0082 - FIR HK
 ONSITE RATIONAL METHOD HYDROLOGY 
 100 YEAR STORM EVENT 
 FN: PROP100.OUT RC
 ------------------------------------------------------------------------
  *********   Hydrology Study Control Information **********

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

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

 Program License Serial Number 4010

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

 Standard intensity-duration curves data (Plate D-4.1)
 For the [ Perris Valley ] area used.
 10 year storm 10 minute intensity =  1.880(In/Hr)
 10 year storm 60 minute intensity =  0.780(In/Hr)
 100 year storm 10 minute intensity =  2.690(In/Hr)
 100 year storm 60 minute intensity =  1.120(In/Hr)

 Storm event year = 100.0
 Calculated rainfall intensity data:
 1 hour intensity =  1.120(In/Hr)
 Slope of intensity duration curve = 0.4900

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      101.000 to Point/Station      102.000
 **** INITIAL AREA EVALUATION ****
 ______________________________________________________________________
 Initial area flow distance =   363.000(Ft.)
 Top (of initial area) elevation =  1459.100(Ft.)
 Bottom (of initial area) elevation =  1456.800(Ft.)



 Difference in elevation =     2.300(Ft.)
 Slope =    0.00634  s(percent)=       0.63
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2
 Initial area time of concentration =    8.724 min.
 Rainfall intensity =      2.881(In/Hr) for a   100.0 year storm
 COMMERCIAL subarea type                     
 Runoff Coefficient = 0.885
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 0.000
 Decimal fraction soil group C = 1.000
 Decimal fraction soil group D = 0.000
 RI index for soil(AMC 2)  =  69.00
 Pervious area fraction =  0.100; Impervious fraction =  0.900
 Initial subarea runoff =     14.271(CFS)
 Total initial stream area =        5.600(Ac.)
 Pervious area fraction = 0.100

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      102.000 to Point/Station      103.000
 **** PIPEFLOW TRAVEL TIME (Program estimated size) ****
 ______________________________________________________________________
 Upstream point/station elevation =  1451.900(Ft.)
 Downstream point/station elevation =  1450.300(Ft.)
 Pipe length  =   512.00(Ft.)   Manning's N = 0.012
 No. of pipes = 1  Required pipe flow  =    14.271(CFS)
 Nearest computed pipe diameter  =     24.00(In.)
 Calculated individual pipe flow  =    14.271(CFS)
 Normal flow depth in pipe =   20.72(In.)
 Flow top width inside pipe =   16.49(In.)
 Critical Depth =   16.33(In.)
 Pipe flow velocity =      4.95(Ft/s)
 Travel time through pipe =    1.72 min.
 Time of concentration (TC) =    10.45 min.

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      102.000 to Point/Station      103.000
 **** CONFLUENCE OF MINOR STREAMS ****
 ______________________________________________________________________
 Along Main Stream number: 1 in normal stream number 1
 Stream flow area =      5.600(Ac.)
 Runoff from this stream =     14.271(CFS)
 Time of concentration =   10.45 min.
 Rainfall intensity =     2.637(In/Hr)

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      201.000 to Point/Station      202.000
 **** INITIAL AREA EVALUATION ****



 ______________________________________________________________________
 Initial area flow distance =   395.000(Ft.)
 Top (of initial area) elevation =  1460.100(Ft.)
 Bottom (of initial area) elevation =  1457.400(Ft.)
 Difference in elevation =     2.700(Ft.)
 Slope =    0.00684  s(percent)=       0.68
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2
 Initial area time of concentration =    8.888 min.
 Rainfall intensity =      2.855(In/Hr) for a   100.0 year storm
 COMMERCIAL subarea type                     
 Runoff Coefficient = 0.884
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 0.000
 Decimal fraction soil group C = 1.000
 Decimal fraction soil group D = 0.000
 RI index for soil(AMC 2)  =  69.00
 Pervious area fraction =  0.100; Impervious fraction =  0.900
 Initial subarea runoff =      2.272(CFS)
 Total initial stream area =        0.900(Ac.)
 Pervious area fraction = 0.100

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      202.000 to Point/Station      203.000
 **** PIPEFLOW TRAVEL TIME (Program estimated size) ****
 ______________________________________________________________________
 Upstream point/station elevation =  1451.800(Ft.)
 Downstream point/station elevation =  1451.500(Ft.)
 Pipe length  =    29.00(Ft.)   Manning's N = 0.012
 No. of pipes = 1  Required pipe flow  =     2.272(CFS)
 Nearest computed pipe diameter  =     12.00(In.)
 Calculated individual pipe flow  =     2.272(CFS)
 Normal flow depth in pipe =    6.55(In.)
 Flow top width inside pipe =   11.95(In.)
 Critical Depth =    7.73(In.)
 Pipe flow velocity =      5.18(Ft/s)
 Travel time through pipe =    0.09 min.
 Time of concentration (TC) =     8.98 min.

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      202.000 to Point/Station      203.000
 **** CONFLUENCE OF MINOR STREAMS ****
 ______________________________________________________________________
 Along Main Stream number: 1 in normal stream number 2
 Stream flow area =      0.900(Ac.)
 Runoff from this stream =      2.272(CFS)
 Time of concentration =    8.98 min.
 Rainfall intensity =     2.840(In/Hr)



 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      301.000 to Point/Station      302.000
 **** INITIAL AREA EVALUATION ****
 ______________________________________________________________________
 Initial area flow distance =   120.000(Ft.)
 Top (of initial area) elevation =  1461.000(Ft.)
 Bottom (of initial area) elevation =  1458.600(Ft.)
 Difference in elevation =     2.400(Ft.)
 Slope =    0.02000  s(percent)=       2.00
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2
 Warning: TC computed to be less than 5 min.; program is assuming the
 time of concentration is 5 minutes.
 Initial area time of concentration =    5.000 min.
 Rainfall intensity =      3.785(In/Hr) for a   100.0 year storm
 COMMERCIAL subarea type                     
 Runoff Coefficient = 0.888
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 0.000
 Decimal fraction soil group C = 1.000
 Decimal fraction soil group D = 0.000
 RI index for soil(AMC 2)  =  69.00
 Pervious area fraction =  0.100; Impervious fraction =  0.900
 Initial subarea runoff =      1.008(CFS)
 Total initial stream area =        0.300(Ac.)
 Pervious area fraction = 0.100

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      302.000 to Point/Station      303.000
 **** PIPEFLOW TRAVEL TIME (Program estimated size) ****
 ______________________________________________________________________
 Upstream point/station elevation =  1451.800(Ft.)
 Downstream point/station elevation =  1451.500(Ft.)
 Pipe length  =    41.00(Ft.)   Manning's N = 0.012
 No. of pipes = 1  Required pipe flow  =     1.008(CFS)
 Nearest computed pipe diameter  =      9.00(In.)
 Calculated individual pipe flow  =     1.008(CFS)
 Normal flow depth in pipe =    5.33(In.)
 Flow top width inside pipe =    8.85(In.)
 Critical Depth =    5.53(In.)
 Pipe flow velocity =      3.70(Ft/s)
 Travel time through pipe =    0.18 min.
 Time of concentration (TC) =     5.18 min.

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      302.000 to Point/Station      303.000
 **** CONFLUENCE OF MINOR STREAMS ****
 ______________________________________________________________________



 Along Main Stream number: 1 in normal stream number 3
 Stream flow area =      0.300(Ac.)
 Runoff from this stream =      1.008(CFS)
 Time of concentration =    5.18 min.
 Rainfall intensity =     3.718(In/Hr)

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      401.000 to Point/Station      402.000
 **** INITIAL AREA EVALUATION ****
 ______________________________________________________________________
 Initial area flow distance =   171.000(Ft.)
 Top (of initial area) elevation =  1462.100(Ft.)
 Bottom (of initial area) elevation =  1458.300(Ft.)
 Difference in elevation =     3.800(Ft.)
 Slope =    0.02222  s(percent)=       2.22
 TC = k(0.300)*[(length^3)/(elevation change)]^0.2
 Initial area time of concentration =    5.023 min.
 Rainfall intensity =      3.776(In/Hr) for a   100.0 year storm
 COMMERCIAL subarea type                     
 Runoff Coefficient = 0.888
 Decimal fraction soil group A = 0.000
 Decimal fraction soil group B = 0.000
 Decimal fraction soil group C = 1.000
 Decimal fraction soil group D = 0.000
 RI index for soil(AMC 2)  =  69.00
 Pervious area fraction =  0.100; Impervious fraction =  0.900
 Initial subarea runoff =      8.045(CFS)
 Total initial stream area =        2.400(Ac.)
 Pervious area fraction = 0.100

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      402.000 to Point/Station      403.000
 **** PIPEFLOW TRAVEL TIME (Program estimated size) ****
 ______________________________________________________________________
 Upstream point/station elevation =  1454.200(Ft.)
 Downstream point/station elevation =  1451.300(Ft.)
 Pipe length  =   597.00(Ft.)   Manning's N = 0.012
 No. of pipes = 1  Required pipe flow  =     8.045(CFS)
 Nearest computed pipe diameter  =     18.00(In.)
 Calculated individual pipe flow  =     8.045(CFS)
 Normal flow depth in pipe =   15.00(In.)
 Flow top width inside pipe =   13.42(In.)
 Critical Depth =   13.18(In.)
 Pipe flow velocity =      5.11(Ft/s)
 Travel time through pipe =    1.95 min.
 Time of concentration (TC) =     6.97 min.



 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++
 Process from Point/Station      402.000 to Point/Station      403.000
 **** CONFLUENCE OF MINOR STREAMS ****
 ______________________________________________________________________
 Along Main Stream number: 1 in normal stream number 4
 Stream flow area =      2.400(Ac.)
 Runoff from this stream =      8.045(CFS)
 Time of concentration =    6.97 min.
 Rainfall intensity =     3.216(In/Hr)
 Summary of stream data:

 Stream   Flow rate      TC            Rainfall Intensity
  No.       (CFS)       (min)                 (In/Hr)

 1       14.271     10.45                 2.637
 2        2.272      8.98                 2.840
 3        1.008      5.18                 3.718
 4        8.045      6.97                 3.216
 Largest stream flow has longer time of concentration
 Qp =     14.271 + sum of
    Qb         Ia/Ib
     2.272 *    0.929 =      2.110 
    Qb         Ia/Ib
     1.008 *    0.709 =      0.715 
    Qb         Ia/Ib
     8.045 *    0.820 =      6.597 
 Qp =     23.693

 Total of 4 streams to confluence:
 Flow rates before confluence point:
       14.271       2.272       1.008       8.045
 Area of streams before confluence:
         5.600        0.900        0.300        2.400
 Results of confluence:
 Total flow rate =     23.693(CFS)
 Time of concentration =    10.448 min.
 Effective stream area after confluence =      9.200(Ac.)
 End of computations, total study area =            9.20 (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 =  69.0
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HYDROLOGY MAPS



/
/

/
/

/

/

/

/
/

/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/

MH

MH

MH

MH

MH

MH

MH

MH

X

X

X
X

X

X

X X X X
X X X X X X X XX

X
X

X

O
H

U
O

H
U

O
H

U
O

H
U

O
H

U

O
H

U

O
H

U

O
H

U

O
H

U

O
H

U

O
H

U

O
HU

E

X
X

X
X

X
X

X
X

X

X X X X X X X X X X X X X X X
/

/
/

/
/

/

/

/
/

/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/
/

/

WEBB

N

W E

S

AutoCAD SHX Text
SIGNAL

AutoCAD SHX Text
SIGNAL

AutoCAD SHX Text
AHEAD

AutoCAD SHX Text
AHEAD

AutoCAD SHX Text
AHEAD

AutoCAD SHX Text
AHEAD

AutoCAD SHX Text
SIGNAL

AutoCAD SHX Text
SIGNAL

AutoCAD SHX Text
U/C

AutoCAD SHX Text
U/C

AutoCAD SHX Text
U/C

AutoCAD SHX Text
U/C

AutoCAD SHX Text
U/C

AutoCAD SHX Text
Water

AutoCAD SHX Text
Asph.

AutoCAD SHX Text
Asph.

AutoCAD SHX Text
Conc.

AutoCAD SHX Text
Conc.

AutoCAD SHX Text
Conc.

AutoCAD SHX Text
Asph.

AutoCAD SHX Text
Dirt

AutoCAD SHX Text
OBS.

AutoCAD SHX Text
OBS.

AutoCAD SHX Text
OBS.

AutoCAD SHX Text
OBS.

AutoCAD SHX Text
S

AutoCAD SHX Text
WV

AutoCAD SHX Text
AV

AutoCAD SHX Text
AV

AutoCAD SHX Text
AV

AutoCAD SHX Text
WV

AutoCAD SHX Text
WV

AutoCAD SHX Text
WV

AutoCAD SHX Text
WV

AutoCAD SHX Text
WV

AutoCAD SHX Text
WV

AutoCAD SHX Text
E

AutoCAD SHX Text
TSPB

AutoCAD SHX Text
TSPB

AutoCAD SHX Text
TSPB

AutoCAD SHX Text
TSPB

AutoCAD SHX Text
TSPB

AutoCAD SHX Text
T

AutoCAD SHX Text
T

AutoCAD SHX Text
WV

AutoCAD SHX Text
WV

AutoCAD SHX Text
S

AutoCAD SHX Text
WM

AutoCAD SHX Text
WV

AutoCAD SHX Text
WM

AutoCAD SHX Text
TSPB

AutoCAD SHX Text
BO

AutoCAD SHX Text
WM

AutoCAD SHX Text
WV

AutoCAD SHX Text
SUB AREA 1

AutoCAD SHX Text
SUB AREA 4

AutoCAD SHX Text
*1451.9

AutoCAD SHX Text
SUB AREA Q =5.8 CFS 10=5.8 CFS Q =8.0 CFS 100=8.0 CFS TOTAL Q =16.4 CFS 10=16.4 CFS Q =23.7 CFS100=23.7 CFS

AutoCAD SHX Text
SUB AREA  Q =9.9 CFS 10=9.9 CFS Q =14.3 CFS100=14.3 CFS

AutoCAD SHX Text
SUB AREA 2

AutoCAD SHX Text
SUB AREA Q =1.6 CFS 10=1.6 CFS Q =2.3 CFS100=2.3 CFS

AutoCAD SHX Text
*1451.8

AutoCAD SHX Text
*1451.8

AutoCAD SHX Text
SUB AREA 3

AutoCAD SHX Text
SUB AREA Q =0.7 CFS 10=0.7 CFS Q =1.0 CFS100=1.0 CFS

AutoCAD SHX Text
*1454.2

AutoCAD SHX Text
HARLEY KNOX BOULEVARD

AutoCAD SHX Text
REDLANDS AVENUE

AutoCAD SHX Text
CITY OF MORENO VALLEY

AutoCAD SHX Text
CITY OF PERRIS

AutoCAD SHX Text
CONCRETE OR ASPHALT

AutoCAD SHX Text
BMP (FILTERRA UNIT/ UNDERGROUND CHAMBERS) 

AutoCAD SHX Text
LANDSCAPING

AutoCAD SHX Text
0

AutoCAD SHX Text
20

AutoCAD SHX Text
40

AutoCAD SHX Text
80

AutoCAD SHX Text
120

AutoCAD SHX Text
1" = 40'

AutoCAD SHX Text
SCALE:

AutoCAD SHX Text
DATE: 

AutoCAD SHX Text
DESIGNED: 

AutoCAD SHX Text
CHECKED: 

AutoCAD SHX Text
PLN CK REF:

AutoCAD SHX Text
F.B.

AutoCAD SHX Text
W.O.

AutoCAD SHX Text
SHEET

AutoCAD SHX Text
OF

AutoCAD SHX Text
SHEETS

AutoCAD SHX Text
DWG. NO.

AutoCAD SHX Text
RICKYC

AutoCAD SHX Text
H:\2020\20-0082\DRAINAGE\HYDROLOGY\HYD\DWG FOLDER\20-0082-PHYD-RATIONAL.DWG  8/12/2021 2:24:47 PM 

AutoCAD SHX Text
3788 McCRAY STREET

AutoCAD SHX Text
RIVERSIDE CA. 92506

AutoCAD SHX Text
PH. (951) 686-1070

AutoCAD SHX Text
FAX (951) 788-1256

AutoCAD SHX Text
ENGINEERING CONSULTANTS

AutoCAD SHX Text
1"=40'

AutoCAD SHX Text
8/12/21

AutoCAD SHX Text
RC

AutoCAD SHX Text
SRH

AutoCAD SHX Text
WO

AutoCAD SHX Text
1

AutoCAD SHX Text
1

AutoCAD SHX Text
DEVELOPED CONDITION

AutoCAD SHX Text
PRELIMINARY RATIONAL METHOD HYDROLOGY MAP

AutoCAD SHX Text
FIRST INDUSTRIAL - HARLEY KNOX

AutoCAD SHX Text
DPR NO. XX-XXXX

AutoCAD SHX Text
CITY OF PERRIS

AutoCAD SHX Text
LEGEND

AutoCAD SHX Text
DRAINAGE MANAGEMENT BOUNDARY 

AutoCAD SHX Text
NODE DESIGNATION NODE ELEVATION

AutoCAD SHX Text
WATERSHED AREA (ACRES)  LONGEST WATER PATH (FT)

AutoCAD SHX Text
FLOW DIRECTION 

AutoCAD SHX Text
*INVERT ELEVATION

AutoCAD SHX Text
*14XX

AutoCAD SHX Text
EX. 48" RCP



First Industrial Realty Trust Appendix B – Hydraulics Analysis 

Preliminary Drainage Study First Industrial – Harley Knox 

 

Appendix B  

APPENDIX B – HYDRAULICS 



First Industrial Realty Trust Appendix B – Hydraulics Analysis 

Preliminary Drainage Study First Industrial – Harley Knox 

 

Appendix B  

HYDRAULIC CALCULATIONS 

Hydraulic calculations to be provided in Final Engineering.  
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