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Project Description: 

 

The site comprises of 2 assessor's parcel (lots - APN 378-030-007 AND APN 378-030-009).  

Currently, the site is vacant, undeveloped land with shrubs, grass and weeds grown throughout 

the site. The site is located on the west side of the intersection of Riverside Drive and Collier 

Avenue in the City of Lake Elsinore.  The site is approximately 2.40 acres (104,045 sf) with 

moderate terrain that predominantly slopes from the east to the west; with approximately 8 feet 

of topographic relief across the site. Drainage flow at the site is dominated by sheet flowing 

across the property towards the west.  Figure 1 shows the site and surrounding features.  

 

The project proposes to develop commercial buildings with associated paved driveway, parking, 

walkway and landscape throughout.  The proposed development consists of two single-story 

commercial buildings (one restaurant and one food mart with gasoline dispensing island)   with 

total impervious coverage of 91,422 sf.  

 

 
Purpose and objective: 

The purpose and objective of this hydrology study are as follows: 

 

1) to determine the design peak 10-year & 100-year  frequency storm runoff for the project 

site.  

2) To establish the finished pad elevation of proposed buildings that will be at least one foot 

(1-ft) above the water surface elevation of the 100-yr storm event. 

3) To determine the hydraulic capacities of proposed storm drainage systems including 

ribbon gutter and parkway culvert to convey onsite storm runoffs into WQMP BMPS and 

ultimately to the street gutter in case of heavy rain.  

 

Existing Drainage Pattern: 

The watershed for the site is comprised of a single subarea (Subarea C). Currently, the drainage 

runoff from the site is towards the natural topographic direction from east to the west.   

 

Proposed Drainage Pattern: 

The watershed for the site is divided into two subareas; namely Subarea A and Subarea B.  

Subarea B is the tributary area from the C-store (23,242 sft) and adjacent paved area discharged 

into the proposed Bioretention basin located north of the driveway from Collier Ave.; and 

Subarea A is the remainder portion that includes the dispenser area, restaurant and the associated 

paved parking and driveway areas (62,929 sft).  Discharge from the Subarea A is into the 

proposed Bioretention basin, located west of the driveway from Riverside Drive.   
 
Methodology: 

The hydrology calculations performed utilized the Section D -Rational Method of the Riverside 

County Flood Control and Water Conversation District Hydrology Manual (RCHM), dated April 

1978.  The 10-Year and 100-Year storm return frequency rainfall was used for existing and 

developed conditions. 

 



2 
 

The watershed studied  consists of proposed project site is situated within the Riverside County 

within the 2-year and 100-year l-hour isohyet of 0.57 and 1.45 inches respectively (see enclosed 

Hydrology Map in Figure 2 to 4).  The isohyet for 10-yr 1-hour rainfall was then interpolated 

from Figure 4 as 0.92 inches.  The slope for the rainfall intensity curve for the site area was 

found to be 0.45 (see Figure 5).   

 

Flood Insurance Rate Maps (FIRM): 

The site is located in Zone X of the Federal Emergency Management Agency (FEMA) Flood 

Insurance Rate Maps (FIRM), Riverside County, California and incorporated areas panel 2028 of 

3805 with map number 06065C2028G dated August 28, 2008. A Zone X is designation as areas 

determined to be outside of the 0.2% annual chance floodplain or areas of 0.2% annual chance 

flood: areas of 1% annual chance flood with average depths of less than 1 foot or with drainage 

areas less than 1 square mile; and areas protected by leeves from 1% annual chance flood.  The 

majority of the site falls within the later definition of Zone X.  The FIRM map for this project is 

located in Figure 6. 

 

Watershed Precipitation Data: 

Precipitation data from the Isohyetal maps of  the RCHM was used in this report and is shown 

below.   

 
Table 1 – Precipitation Data (Rational Method Calculations) 

Storm Event Precipitation (inches) Ref. Figure/Appendix  

10-Yr, 1-Hr 0.92  

25-Yr, 1-Hr 1.12  

100-Yr, 1-Hr 1.45  

 

Hydrology Calculations & Summary: 
 

Time of Concentration (Tc) 

2.55e time of concentration (Tc) was obtained by first defining the subareas and their respective 

length of flow, elevation difference, and type of development. This data was then plotted onto 

Figure D-3 (see Figure 7), Time of Concentration Nomograph, in order to obtain the time of 

concentration for each drainage subarea per RCHM. Subarea Initial Time of Concentrations (Tc) 

has been shown in Table 2 below:   
Table 2 – Time of Concentration 

Development 

Stage 

(Pre/Post)

Node @ 

High 

Elev. (ft)

Node @ 

Low elev 

(ft)

Node 

Elev. 

Diff. (ft)

Flow 

length, 

L (ft)

Tc 

(min)

Ref. 

Appendix 

Post-dev 1267.10 1264.55 2.55 280 7.6

Post-dev 1266.25 1265.14 1.11 320 9.5

Pre-dev 1269.00 1261.00 8.00 510 15.0  
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Rainfall Intensity, I (in/hr) 

This site-specific precipitation values from Table 1 were plotted onto Plate D-4 (Figure 8) in 

order to find the rainfall intensities (I), based on the log-log slope of site location (= 0.45) per 

Figure 5.  

 

Subarea Rainfall Intensity (I) has been shown in table 3 below.   
Table 3 – Rainfall Intensity  

Pre Post Pre Post Pre Post Pre Post

A(Apn: 378-030-007) 7.6 ` 3.65 2.82 2.26

B(Apn: 378-030-009) 9.5 3.3 2.55 2.06

A+B 15 2.82 2.08 1.67

Ref. 

Appendix

Tc (Min)

100 Yr Rainfall 

Intensity, I100 

(in/hr)

25 Yr Rainfall 

Intensity, I25 

(in/hr)
Subarea

10 Yr Rainfall 

Intensity, I10 

(in/hr)

 

Soil Types and Runoff Index Numbers 

Soil types on and near the project site (for on-site tributary) and corresponding Runoff Index 

Numbers (AMC II) used in this report are shown in Appendix A. 

 

For the entire project site, soil type “B” is shown per Figure 8.  For the existing condition, barren 

soil is selected as the site is 100% undeveloped with single subarea.  For the developed 

condition, the project is composed of pervious (landscape) and impervious (roof, 

driveway/walkway/retaining wall) areas and the site is divided into two Subareas.  Mixed cover 

has been calculated based on proportioning area of Landscape and Impervious Area. 
 
Table 4 – On-site Pre-developed Runoff Index Numbers 

SCS Curve No. 

(AMC III) 

Pervious Imp. Total

Barren B - 104,045 0 104,045 86 97

Landscape B - 0 0 0 56

Imp. Area - 0 0 0 98

86 (0)

56 (0)

98 (0)

Soil Cover
Soil 

Type

Quality of 

Cover

Area (SF) SCS Curve No. (AMC II) 

0Mixed Cover B - 0 (0)

 
Table 5 – On-site Post-developed Condition Runoff Index Numbers; Subarea A 

SCS Curve No. 

(AMC III) 

Pervious Imp. Total

Landscape B Good 0 56 76

Imp. Area - 0 98 100

10,605 66,752   77,357  56 (10,605)

98 (66,752)

Soil Cover
Soil 

Type

Quality of 

Cover

Area (SF) SCS Curve No. (AMC II) 

Mixed Cover B - 92 98
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Table 6 – On-site Post-developed Runoff Index Numbers: Subarea B 

SCS Curve No. 

(AMC III) 

Pervious Imp. Total

Landscape B Good 0 56 76

Imp. Area - 0 98 100

1,463 25,205   26,668  56 (1,463)

98 (25,205)

Mixed Cover B - 96 99

Area (SF) SCS Curve No. (AMC II) 
Soil Cover

Soil 

Type

Quality of 

Cover

 

Calculation of Runoff Coefficient, C: 
The Runoff Coefficient, C can be calculated based on the % impervious and the Runoff Index based on 

rainfall intensity (see Appendix B) for the pre- and post-developed conditions and are presented below. 

 

Pre-developed condition (Subarea A+B): 

C10 = 0.79+((0.81-0.79)/0.5)*.0.17) = 0.80 

C25= 0.79+((0.81-0.79)/0.5)*.0.17) = 0.81 

C100 = 0.83+(0.84-0.83)/0.5)*0.32) = 0.84 

 

Post-developed condition, Subarea A: 

C10 = 0.89 

C25 = 0.90 

C100 = 0.90 

 

Post-developed condition, Subarea B: 

C10 = 0.90 

C25 = 0.90 

C100 = 0.90 

 

 

Calculation of Flow, Q: 
The pre and post-development flow computations were performed and are presented below. 
 
Table 7 – Runoff Flow  

Yr Hr

10 2.26 0.9 3.61

100 3.65 0.90 5.83

10 2.06 0.9 1.14

100 3.3 0.90 1.82

10 1.67 0.80 3.19

100 2.82 0.84 5.66

Subarea

Develop-

ment 

Stage 

(Pre/Post)

Area, A 

(Ac)

A+B

Post

Post

Design 

Storm 

Frequency

Rainfall 

Intensity, 

I (in/hr)

Runoff 

Coefficient,

C

Flow, Q = 

CIA, (cfs)

B

A

0.61

2.39

1

1Pre 

1.78 1
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Summary:   

For the entire project site, Subarea A+B: 

Pre-developed Q100 = 5.66 cfs  

Pre-developed Q25 = 4.02 cfs 

Pre-developed Q10 = 3.19 cfs 

For Subarea A: 

Post-developed Q100 = 5.83 cfs   

Post-developed Q25= 4.51 cfs 

Post-developed Q10 = 3.57 cfs 

For Subarea B: 

Post-developed Q100 = 1.82 cfs   

Post-developed Q25= 1.41 cfs 

Post-developed Q10 = 1.14 cfs 

For Subarea A+B: 

Post-developed Q100 = 7.75 cfs   

Post-developed Q25= 5.92 cfs 

Post-developed Q10 = 3.75 cfs 

Delta Q100 = 7.75-5.66  = 2.09 cfs;  

Delta Q25 = 5.92-4.02 = 1.9 cfs;  

Delta Q10 = 3.61-3.19 = 0.42 cfs 

 

  



 

Results: 
 

This hydrology study indicates that the Q100-yr storm events will produce a runoff of 5.83 cfs for 

Subarea A and 1.82 cfs for Subarea B respectively and that of and 10-yr storm events will produce a 

runoff of 3.61 cfs for Subarea A and 1.14 cfs for Subarea B respectively in the post- development stage 

from the subject site. 

 
The Q25-yr storm events will produce a runoff of 4.51 cfs for Subarea A and 1.41 cfs for Subarea 

B respectively in the post-development stage from the subject site.  Total runoff for 100- yr/25-yr/10-yr 

storm would be 7.75 cfs/5.92cfs/3.75 cfs respectively. 

 
The differences of flows in 100-yr storm event would be 2.09 cfs or (2.09/5.66*100 =) 37% increase 

and that of 25-yr would be 1.9 cfs or (1.9/4.02*100=) 47.3% increase and that of 10-yr would be 0.42 

cfs or (0.42/3.19*100=) 13.1% increase.   The difference in all cases of storm events between the 

pre-and post-developed conditions are still within the range of moderate increase. Furthermore, the flow 

pattern would be reversed as opposed to the pre-developed condition and the storm water will be 

captured in on-site in landscape area where bioretention basins are proposed.  Only excess runoff would 

be allowed to overflow onto street gutters  through  via  parkway  culvert.     Considering  the  flow  

of  25-yr  rainfall  events, corresponding design storm drain overflow channel of 3’ widex 3” deep 

(metal) for Subarea A and 3-4” PVC (SDR 35) pipe for Subarea B (see Appendix C). 

 
Further analysis was done (see Appendix C) to find out the required minimum pad elevation considering 

the highest Q at Node 2 which resulted in a channel depth of 0.0782 ft (1”) over the entire parking area 

of Subarea A. Therefore, the proposed minimum pad elevation (1265.33’) is okay. 
 

Conclusions: 
The increase in runoff cause by this development will be mitigated by containing the 100 year runoff 

within the street r/w. The on-site BMP and storage facilities are adequate to handle the increase runoff 

. 
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APPENDIX B-RUNOFF COEFFICIENT 
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APPENDIX C-DESIGN CALCULATIONS 

 

 

 

 

 

 

 

 

 



Hydraulic Analysis Report 

Project Data 

   Project Title:     

   Designer:     

   Project Date:  Sunday, December 31, 2017   

   Project Units:  U.S. Customary Units   

   Notes:       

 

Channel Analysis: Channel Analysis  

Notes:   

Input Parameters  

Channel Type:  Rectangular 

Channel Width: 3.0000 ft  

Longitudinal Slope: 0.0300 ft/ft  

Manning's n:  0.0130  

Flow: 4.5100 cfs  

Result Parameters  

Depth: 0.2253 ft  

Area of Flow: 0.6758 ft^2  

Wetted Perimeter: 3.4505 ft  

Hydraulic Radius: 0.1958 ft  

Average Velocity: 6.6739 ft/s  

Top Width: 3.0000 ft  

Froude Number:  2.4780  

Critical Depth: 0.4125 ft  

Critical Velocity: 3.6445 ft/s  

Critical Slope: 0.0046 ft/ft  

Critical Top Width: 3.00 ft  

Calculated Max Shear Stress: 0.4217 lb/ft^2  

Calculated Avg Shear Stress: 0.3666 lb/ft^2  

 

Subarea A



Hydraulic Analysis Report 

Project Data 

   Project Title:     

   Designer:     

   Project Date:  Tuesday, January 02, 2018   

   Project Units:  U.S. Customary Units   

   Notes:       

 

Channel Analysis: Channel Analysis  

Notes:   

Input Parameters  

Channel Type:  Circular 

Pipe Diameter: 0.3300 ft  

Longitudinal Slope: 0.0500 ft/ft  

Manning's n:  0.0090  

Flow: 0.5000 cfs  

Result Parameters  

Depth: 0.2306 ft  

Area of Flow: 0.0638 ft^2  

Wetted Perimeter: 0.6534 ft  

Hydraulic Radius: 0.0977 ft  

Average Velocity: 7.8319 ft/s  

Top Width: 0.3028 ft  

Froude Number:  3.0057  

Critical Depth: 0.3251 ft  

Critical Velocity: 5.8639 ft/s  

Critical Slope: 0.0317 ft/ft  

Critical Top Width: 0.08 ft  

Calculated Max Shear Stress: 0.7196 lb/ft^2  

Calculated Avg Shear Stress: 0.3049 lb/ft^2  

 

Subarea B
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