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INTRODUCTION 

PURPOSE 

This drainage study has been prepared to support the drainage system of the proposed development 
of Tentative Tract No. 37305 in the City of Lake Elsinore. TTM 37305 is a 74 acre development 
consisting of 168 single family residential homes, a 14.5 acre commercial site along with a park and 
open space areas. TTM 37305 is located within the Nichols South Specific Plan which is being 
processed concurrently with TTM 37305. This report identifies the existing drainage patterns; the 
existing offsite flows tributary to this site and provides an evaluation of the runoff from the site under full 
development as shown on TTM 37305. The primary purpose of this analysis is to estimate offsite and 
onsite peak storm water discharge to facilitate the design of the storm drain system within the project. 
This analysis also provides hydraulic calculations for the proposed storm drain and detention basin 
facilities proposed for TTM 37305. 
 
With the City of Lake Elsinore, Riverside Counties’ MS4 permit, certain post development water quality 
features need to be designed into the project for water quality treatment of daily nuisance flows and first 
flush storm flows after the project is constructed and homes are occupied. The project will implement 
LID practices and also proposes BMPs treatment to mitigate for Hydromodification impact (HCOC). 
See Preliminary WQMP for TTM 37305 (Nichols South Specific Plan). 
 
 

SETTING – EXISTING CONDITION 

TTM 37305 (Nichols South Specific Plan) is located south of Nichols Road, east of and adjacent to 
interstate 15, west of El Toro Road, and north of Temescal Canyon High School in the City of Lake 
Elsinore.  
 
Stovepipe Canyon Creek bisects the project site from the east enters the property via two 24” pipes 
and over the concrete spillway and exits the property along the westerly property line via existing 
Caltrans 6’x14’ RCB culvert. For detail of existing structures please see as-built drawing Tract 18595-1 
and Tract 18595 Grading Plans Drawing No. 77-29 GP-05 in Attachment F. 
 
The project is located in APNs 389-200-037, 389-210-008, 389-210-034, and 389-210-036. See figure 
1a – Vicinity Map. 
 
Stovepipe Canyon Creek located in the Lake Elsinore community within the City of Lake Elsinore has 
been designated as a Special Flood Hazard Area (SFHA) on the FEMA Flood Insurance Rate Maps 
(FIRM) Map Number 06065C2028G Panel 2028 of 3805, dated August 28, 2008. It has been 
designated with a Zone A, No based flood elevations determined. 
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Figure 1a: Vicinity Map 
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Hydrology - Existing Condition: 
 
The project site currently consists of vacant, undeveloped land. The subject property is bounded to 
the west by Interstate 15, to the north by Nichols Road, to the east by residential development, and 
to the south by Temescal Canyon High School. Stovepipe Canyon Creek bisects the project site 
from the east enters the property via two 24” pipes and over the concrete spillway and exits the 
property along the westerly property line via existing Caltrans 6’x14’ RCB culvert.  
 
See Aerial picture in the current condition below: 
 
 

 
 
 
 
 
 
 
As shown on Figure 2 there are four (4) drainage areas in the existing condition in this study, 
drainage Areas A, B, C and D: 
 
Drainage Area A is approximately 837.7 acres and is tributary to the Stovepipe Canyon Creek at 
the existing 6’x14’ RCB Caltrans Culvert. This area includes the off-site tributary drainage area that 
drains to project site through Stovepipe Canyon Creek which bisects the project. These flows from 
the east enter the property via two 24” pipes and over the existing concrete spillway at the east 
boundary, then traverse through the property and then these flows exit the property along the 
westerly property line via the existing Caltrans 6’x14’ RCB culvert at the I-15 Freeway. 
Drainage Area B is approximately 8.4 acres and this tributary area comprises the southeast portion of 
the project site and drains to existing El Toro Road. 
Drainage Area C is approximately 47.8 acres and this tributary area drains into the two existing 24” 
Caltrans culverts located along the northbound I-15 Freeway off-ramp at Nichols Road. 
Drainage Area D is approximately 25.9 acres and this tributary area drains to Nichols Road. 

Figure 1b: Aerial Picture 
Project Site 



Drainage Report  Page 6 
Nichols Road – Tr. 37305  July 2018 



Drainage Report  Page 7 
Nichols Road – Tr. 37305  July 2018 

PROPOSED CONDITIONS 
 
The development of Tract 37305 will provide for grading for the proposed 168 single family lots, a 
Commercial Site, a park site, open space areas and the construction of a storm drain system that will: 

- Safely intercept offsite flows and convey through the site without co-mingling 
these flows with untreated onsite developed flows. 

- Generally maintain the drainage patterns and discharge locations. 
- In complying with Santa Ana Region NPDES-MS4 Permit requirements, safely 

intercept Design Capture Volume and convey onsite developed storm flows to 
onsite Water Quality Treatment Control Basins.  

- Provide emergency by-pass for 100-year storm event without damage the 
BMPs. 

- Control outlet velocities such that downstream erosion potential is minimized 
and outlet flows are released in a safe manner.     

 
Hydrology – Proposed Condition: 
 
As shown on Figure 3 there are four (4) drainage areas in the existing condition in this study, 
drainage Areas A, B, C and D. All originating from the same tributary drainage areas; drainage 
patterns will generally remain as in the existing condition.  
 
Drainage Area A will be divided into several drainage sub-areas: 
 
Drainage Area A (off-site) is approximately 837.7 acres, tributary to the Stovepipe Canyon Creek 
at the existing 6’x14’ RCB Caltrans Culvert. This area is a project off-site drainage area drain to 
project site through Stovepipe Canyon Creek which bisects the project site from the east enters the 
property via two 24” pipes and over the concrete spillway and exits the property along the westerly 
property line via existing Caltrans 6’x14’ RCB culvert. No change from existing condition. 
Drainage Area A-1 is approximately 27.03 acres and tributary to the proposed residential area 
drain into Extended Detention Basin A1 to mitigate the post water quality and outlet into Detention 
Basin A.  
Drainage Area A-2 is approximately 24.37 acres and tributary to the proposed commercial site and 
proposed Nichols Road area drain into Sand Filter Basin A2 to mitigate the post water quality and 
outlet into Detention Basin A to mitigate the increase peak flow of the proposed project prior drain 
into Stovepipe Canyon Creek. 
 
Drainage Area B is approximately total of 8.4 acres and tributary to the proposed residential at 
southeast portion of the project site. Drainage Area B will drains into Enhanced Sand Filter/Detention 
Basin B then outlet through parkway drain to El Toro Road. 
 
Drainage Area C-1 is approximately total of 9.2 acres. Approximately 5.5 acres (Area C-1a) is 
tributary to the proposed commercial site and the remaining 3.7 acres (Area C-1b) existing areas 
which originally tributary to off-site existing 24” Caltrans culvert. 
 
Drainage Area C-2 is approximately 8.0 acres. Approximately 5.8 acres (Area C-2a) is tributary to 
the proposed commercial site and the remaining 2.2 acres (Area C-2b) existing areas which 
originally tributary to off-site existing 24” Caltrans culvert. 
 
Drainage Area D is approximately 25.9 acres and tributary to the areas drain to proposed Nichols 
Road. 
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UNIT HYDROGRAPH ANALYSIS 
 
 
The unit hydrograph analysis was conducted using the CivilDesign Corporation Unit Hydrograph 
software and the Riverside County Hydrology Manual.   In this study analysis, the goal was to 
estimate the quantity of storm water to be detained onsite to mitigate the increase in storm water 
peak discharge and volume resulting from this development.  The 100-year 1-hour, 3-hour, 6-hour 
and 24-hour storms hydrographs were computed to evaluate that the project peak runoff discharge 
originating from the site for ultimate/proposed conditions. And 2-year 24-hour storm for HCOC 
mitigation. 
The ultimate condition-project hydrographs will be used as inflow hydrograph in detention basin 
routing with restricted outlet structure works.   
 
 
Summary of Precipitation (Elsinore – Wildomar) – Intensity Pattern per Hydrology Manual 
(NOAA Atlas 2):  
 
Storm Event 1-hour 3-hour 6-hour 24-hour 

     
2-year 0.6 1.00 1.40 2.50 
     
100-year 1.5 rat 2.50 3.50 6.00 
 1.45 hyd    
 

Summary of Precipitation – Intensity Pattern per Hydrology Manual (NOAA Atlas 14):  
 
Storm Event 1-hour 3-hour 6-hour 24-hour 

     
2-year 0.491 0.882 1.26 2.38 
     
100-year 1.38 2.22 3.12 6.35 
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Rational Method 
 
The hydrology calculations for determining the on-site and offsite flows have been conducted using the 
Rational Method as incorporated into the CivilCADD Rational Method Hydrology software.  The rational 
method relates rainfall intensity, the ratio of runoff to rainfall, and the drainage area size to the peak 
storm runoff and is expressed by the equation: Q = CIA.  Where Q = runoff (in cubic feet per second), 
C = runoff coefficient relating the ratio of runoff to rainfall, I = rainfall intensity (in inches per hour), A = 
drainage area (in acres).   The soil type used in the analysis is a combination Type B, C, and D, 
yielding a relatively high soil runoff potential is Type D.  
 
See below soil map: 
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Information from TTM 37305 – General Note: 
 

 
 
Based upon the above Proposed Development Type we have converted each use to 
show the imperviuos percentage using Table D-5.6 per Hydrology Manual (copy below): 
 
 
“Single Family”  use Land Use “Residential < ¼ Ac” with impervious percent = 0.65 
(conservative assumption). 
 
“Commercial”  use Land Use “Commercial” with impervious percent = 0.9 
 
“Sewer Lift Station”  use Land Use “Commercial” with impervious percent = 0.9 
 
“Park Site”  use Land Use “Natural Cover”. 
 
“Public Street”  use Land Use “Commercial” with impervious percent = 0.9 
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Proposed impervious cover for Nichols Road Project – Tract 37305 varies per the proposed landuse 
and per the table below (see below Plate D-5.6 from RCFC&WCD Hydrology Manual). 
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Figure 2 is the Stovepipe Canyon Creek Existing Condition Hydrograph Areas Map.  
See Attachment A for Inflow Hydrographs calculations Ultimate Condition Drainage Area to Stovepipe 
Canyon Creek at 6’x14’ Caltrans Culvert.  
 
Figure 3 is the Stovepipe Canyon Creek Proposed Condition Hydrograph Areas Map. 
See Attachment B for Inflow Hydrographs calculations On-site Proposed Condition Drainage Areas A 
and B. 
 
Figure 4 is the Onsite Drainage Hydrology for the Proposed Condition.  
See Attachment C for Inflow Hydrographs calculations On-site Existing Condition (for comparison) 
Drainage Areas A and B. 
 
Figure 5 is the Offsite Drainage area to new Nichols Road. The calculation is based on the Rational 
Method peak flow hydrology for 10-year and 100-year 1-hour storm (Attachment E).  
 
Figure 6 is the Onsite Drainage Hydrology for the Proposed Condition. Based on the peak flow inflow 
hydrograph for 100-year 1-hour storm (Attachment B), the sub-drainage areas are calculated by 
prorating from Drainage Area peak flow.  
 
 
 
The design peak discharge in the various sub-drainage areas considered in this study are listed in the 
table below: 
 
 
Stovepipe Canyon Creek tributary to existing 6’x14’ Caltrans Culvert 
Summary of Unit Hydrograph Peak Discharge Area A (837.7 Ac):  
 

 Peak Discharge (cfs) 
Storm Event 1-hour 3-hour 6-hour 24-hour 

     
100-year 1,135 918 843 478 

     
See comparison Stovepipe Creek Hydrographs existing and proposed at the end of this section. 

 
Summary of Hydrographs, 1-hour, -3hour, -6, hour and -24 hour 100-year storm:  
Drainage Area A – existing (40.1 Ac), proposed (40.1 Ac) 

Storm 
Frequency 

Existing 
Q 100  (cfs) 

[1] 

Proposed 
Q 100  (cfs) 

Det. Basin 
Outlet 

Q 100  (cfs) [2] 

Different 
[2] – [1] 

(cfs) 

Different 
[2] – [1] 

(%) 
      

100-year 1-hour 94.27 120.95 13.20 -81.07 -86% 
100-year 3-hour 67.65 76.06 20.49 -47.16 -70% 
100-year 6-hour 62.58 67.99 32.45 -30.13 -48% 
100-year 24-hour 29.03 31.62 23.08 -5.95 -20% 
      
For existing hydrographs see Attachment C 
For proposed hydrographs see Attachment B 
For Detention Basin Routing see Attachment D 
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Drainage Area B – existing (8.4 Ac), proposed (8.4 Ac) 
Storm 

Frequency 
Existing 

Q 100  (cfs) 
[1] 

Proposed 
Q 100  (cfs) 

Det. Basin 
Outlet 

Q 100  (cfs) [2] 

Different 
[2] – [1] 

(cfs) 

Different 
[2] – [1] 

(%) 
      

100-year 1-hour 24.57 26.34 9.81 -14.76 -60% 
100-year 3-hour 15.27 16.60 12.29 -2.98 -19.5% 
100-year 6-hour 13.76 15.46 12.08 -1.68 -12.2% 
100-year 24-hour 6.09 6.54 6.35 0.26 4.2% 
      
 

Drainage Areas C-1 and C-2 to existing 24” Caltrans Culvert 
Based on 1.4 cfs/Ac for 10-year storm and 2.26 cfs/Ac for 100-year storm in existing condition: 
 

Area Acre (Ac) Peak discharge 10-year 
storm (cfs) 

Peak Discharge 100-
year storm (cfs) 

    
C-1 18.6 26.04 42.04 
C-2 29.2 40.88 65.99 

 
 
Drainage Areas C-1 and C-2 to existing 24” Caltrans Culvert 
Based on 1.4 cfs/Ac for 10-year storm and 2.26 cfs/Ac for 100-year storm in existing condition: 
Based on 1.87 cfs/Ac for 10-year storm and 3.02 cfs/Ac for 100-year storm in proposed condition 
(commercial): 
 

Area Acre (Ac) Peak 
discharge  

10-year 
storm (cfs) 

Total Peak 
discharge  

10-year storm 
(cfs) 

Peak Discharge  
100-year storm 

(cfs) 

Total Peak 
discharge  

100-year storm 
(cfs) 

      
C-1a 5.5 

(commercial) 
10.85  17.52  

C-1b 3.7 (existing) 5.18 16.03 8.36 25.88 
C-2a 5.8 

(commercial) 
10.85  17.52  

C-2b 2.2 (existing) 3.08 13.93 4.97 22.49 
 
 
Drainage Area C1 – existing (18.6 Ac), proposed (9.2 Ac) 
Drainage Area C2 – existing (29.2 Ac), proposed (8 Ac) 

Area Existing 
Q 10  (cfs) 

[1] 

Proposed 
Q 10  (cfs) 

[2] 

Different 
[2] – [1] 

(cfs) 

Different 
[2] – [1] 

(%) 
     

C-1 26.04 16.03 -10.01 -38% 
C-2 40.88 13.93 -26.95 -66% 
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Summary Hydrology Drainage Area D, Proposed Condition – Rational Method 10-year storm:  
 

Drainage Area Area in Acre Q 10 sub-area in cfs Q 10  confluence in cfs 
    

D-1 4.60 8.49  
D-2 2.10 3.78 12.27 
D-3 15.00 25.70 37.97 
D-4 4.20 6.73 44.69 

    
 
 
Summary Hydrology Drainage Area D, Proposed Condition – Rational Method 100-year 
storm:  
 

Drainage Area Area in Acre Q 100 sub-area in cfs Q 100  confluence in cfs 
    

D-1 4.60 13.41  
D-2 2.10 5.98 19.39 
D-3 15.00 40.97 60.36 
D-4 4.20 10.81 71.17 

    
 
 
 
Comparison Stovepipe Creek Hydrographs existing and proposed conditions, 
For comparison use 100-year 3-hour storm: 
 

U n i t   H y d r o g r a p h    A n a l y s i s 

 

Copyright (c) CIVILCADD/CIVILDESIGN, 1989 - 2008, Version 8.1 

Study date  01/15/18 File: nicholsex3100.out 

 

 

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

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

 

 Riverside County Synthetic Unit Hydrology Method 

 RCFC & WCD Manual date - April 1978 

 

 

 Program License Serial Number 4029 

 

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

  English (in-lb) Input Units Used 

  English Rainfall Data (Inches) Input Values Used 

 

  English Units used in output format 

 

 

 

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

 Nichols Road Project – Tract 37305 

 Drainage Area Stovepipe Canyon Creek = 837.7 Ac (1.3 sq. mi.) 

 Ultimate Condition (per County of Riverside General Plan Land Use) 

 100-year 3-hour storm 

  

  

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

 Drainage Area =     837.70(Ac.)  =      1.309 Sq. Mi. 

Duration of storm = 3 Hour(s) 

 

Flood volume = Effective rainfall      1.50(In) 

  times area     837.7(Ac.)/[(In)/(Ft.)] =     104.6(Ac.Ft) 

 Total soil loss =      0.71(In) 
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 Total soil loss =    49.824(Ac.Ft) 

 Total rainfall =      2.21(In) 

 Flood volume =     4555635.0 Cubic Feet 

 Total soil loss =     2170313.4 Cubic Feet 

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

  Peak flow rate of this hydrograph =    918.435(CFS) 

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

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

                     3 - H O U R    S T O R M 

                R u n o f f      H y d r o g r a p h 

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

             Hydrograph in   5   Minute intervals ((CFS)) 

 

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

   Time(h+m) Volume Ac.Ft   Q(CFS)  0      250.0     500.0     750.0    1000.0 

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

    2+30      38.8660    503.01  |         |   V     Q         |         |  

    2+35      42.8316    575.80  |         |     V   |  Q      |         |  

    2+40      47.4522    670.91  |         |       V |     Q   |         |  

    2+45      52.5412    738.93  |         |         V        Q|         |  

    2+50      57.9302    782.47  |         |         | V       |Q        |  

    2+55      64.0637    890.59  |         |         |   V     |    Q    |  

    3+ 0      70.3890    918.44  |         |         |     V   |     Q   |  

    3+ 5      76.4080    873.95  |         |         |        V|   Q     |  

    3+10      81.3299    714.66  |         |         |       Q |V        |  

    3+15      84.9998    532.87  |         |         |Q        | V       |  

    3+20      88.0237    439.07  |         |      Q  |         |  V      |  

    3+25      90.5546    367.49  |         |   Q     |         |   V      

 

 

 

The above 100-year 3-hour storm Runoff Hydrograph for Stovepipe Canyon Creek peak discharge 
pre-project:  

at time (hour + minute) 2+55 (2.917 hour)    Volume in Ac.Ft 64.0637  and peak discharge 
at  890.59  |      
at time (hour + minute) 3+ 0      (3.00 hour)    Volume in Ac.Ft 70.3890    and peak 
discharge at  918.44  |          
     

 

 

 

FLOOD HYDROGRAPH ROUTING PROGRAM 

             Copyright (c) CIVILCADD/CIVILDESIGN, 1989 - 2005 

                         Study date: 01/31/18 

 

 

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

Nichols Road Project – Tract 37305 

 Drainage Area A = 40.1 Ac 

 Tributary to Detention Basin A 

 Detention Basin Routing 

100-year 3-hour storm 

   

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

 

 

 Program License Serial Number 4029 

 

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

 ********************* HYDROGRAPH INFORMATION ********************** 

 

   From study/file name: nrareaaprx3100.rte 

 ****************************HYDROGRAPH DATA**************************** 

   Number of intervals =    41 

   Time interval =    5.0 (Min.) 

   Maximum/Peak flow rate =       76.056 (CFS) 

   Total volume =       6.477 (Ac.Ft) 

  Status of hydrographs being held in storage 

             Stream 1  Stream 2  Stream 3  Stream 4  Stream 5 

  Peak (CFS)      0.000     0.000     0.000     0.000     0.000 

  Vol (Ac.Ft)      0.000     0.000     0.000     0.000     0.000 

 *********************************************************************** 

 

 

 

 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 
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 Process from Point/Station       10.000 to Point/Station       11.000 

 **** RETARDING BASIN ROUTING **** 

 ______________________________________________________________________ 

 

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

   Hydrograph Detention Basin Routing 

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

 

 Graph values: 'I'= unit inflow; 'O'=outflow at time shown 

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

  Time   Inflow  Outflow    Storage                                     Depth  

 (Hours)  (CFS)   (CFS)     (Ac.Ft) .0      19.0   38.03   57.04   76.06 (Ft.) 

  2.250   40.45    7.53      2.482  |  O    |       |I      |       |     3.70 

  2.333   43.76    7.74      2.720  |  O    |       | I     |       |     3.87 

  2.417   44.19    8.44      2.967  |  O    |       | I     |       |     4.05 

  2.500   63.34   10.58      3.272  |   O   |       |       | I     |     4.23 

  2.583   73.33   13.31      3.660  |    O  |       |       |     I |     4.46 

  2.667   76.06   16.21      4.073  |     O |       |       |       I     4.71 

  2.750   55.40   18.55      4.406  |      O|       |      I|       |     4.91 

  2.833   28.35   19.85      4.562  |       O  I    |       |       |     5.01 

  2.917   19.48   20.49      4.588  |       O       |       |       |     5.02 

  3.000   14.30   19.92      4.565  |     I O       |       |       |     5.01 

  3.083    6.12   19.21      4.500  | I     O       |       |       |     4.97 

  3.167    1.75   18.49      4.398  I      O|       |       |       |     4.91 

  3.250    0.52   17.67      4.281  I      O|       |       |       |     4.84 

  3.333    0.17   16.85      4.164  I      O|       |       |       |     4.77 

 

The above 100-year 3-hour storm Runoff Hydrograph for Detention Basin outflow peak discharge 
post-project:  

at time (hour + minute) 2.917 (2.917 hour)    Inflow (CFS) 19.48  and peak discharge 
Outflow at  20.49  |      

 

 

For conservative assumption in the preliminary study (will provide hydrograph 
confluence in final design): 
 

Proposed Hydrograph for Stovepipe Canyon Creek: Existing hydrograph peak flow at 2+55 
(2.917 hour) @ 890.50 cfs + Detention Basin A peak outflow at 2.917 hour @ 20.49 cfs = 
(890.50 + 20.49) = 910.99 cfs < 918.44 cfs…..O.K.  
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HYDRAULICS 
 
Storm Drain System Calculations  
 
Open Channel, Pipe and Inlet program Flow Master V8i by Bentley Inc., Reference 7 was used to 
determine the street capacity, ditch capacity and inlet sizing.  
 
Main line system: the following assumptions and criteria were used to design the main line system: 
1. n = 0.013 for reinforced concrete pipe, n = 0.014 for reinforced concrete box, and n = 0.015 

for concrete V-ditch. 
2. The minor losses considered in this study are as follows: friction loss, junction loss, transition 

loss, and manhole loss. In order to minimize junction structure losses, all junctions are 
inleting the main line at an angle of approximately 45 degrees. 

 
WSPG hydraulic calculations will be used in the design for the principal off site and onsite storm 
drains to determine the hydraulic gradient elevation for proposed conduit sizes (in final design).  
 
For proposed Storm Drain Pipe system in this stage, the size will be estimated by using peak 
discharges for 100-year storm event and using normal depth pipe flow capacity (Manning 
Formula, software program Flow Master V8i by Bentley Inc., Reference 7). 
 
See below Rating Table for RCP: 
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Worksheet for Circular Pipe - 18" RCP with slope 1% 

 
 Project Description 

 Friction Method Manning Formula 
 Solve For Full Flow Capacity 

 Input Data 

 Roughness Coefficient 0.013 
 Channel Slope 0.0100 ft/ft 
 Normal Depth 1.50 ft 
 Diameter 1.50 ft 
 Discharge 10.50 ft³/s 

 Results 

 Discharge 10.50 ft³/s 
 Normal Depth 1.50 ft 
 Flow Area 1.77 ft² 
 Wetted Perimeter 4.71 ft 
 Hydraulic Radius 0.38 ft 
 Top Width 0.00 ft 
 Critical Depth 1.25 ft 
 Percent Full 100.0 % 
 Critical Slope 0.00977 ft/ft 
 Velocity 5.94 ft/s 
 Velocity Head 0.55 ft 
 Specific Energy 2.05 ft 
 Froude Number 0.00 
 Maximum Discharge 11.30 ft³/s 
 Discharge Full 10.5038 ft³/s 
 Slope Full 0.01000 ft/ft 
 Flow Type SubCritical 

 GVF Input Data 

 Downstream Depth 0.00 ft 
 Length 0.00 ft 
 Number Of Steps 0 

 GVF Output Data 

 Upstream Depth 0.00 ft 
 Profile Description   
 Profile Headloss 0.00 ft 
 Average End Depth Over Rise 0.00 % 

 GVF Output Data 

 Normal Depth Over Rise 100.00 % 
 Downstream Velocity Infinity ft/s 
 Upstream Velocity Infinity ft/s 
 Normal Depth 1.50 ft 
 Critical Depth 1.25 ft 
 Channel Slope 0.0100 ft/ft 
 Critical Slope 0.00977 ft/ft 
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Rating Table for Circular Pipe - 18" to 84” RCP, slope 0.5% to 6% 

 
 Project Description 

 Friction Method Manning Formula 
 Solve For Full Flow Capacity 

 Input Data 

 Roughness Coefficient 0.013 
 Channel Slope 0.0100 ft/ft 
 Normal Depth 1.50 ft 
 Diameter 1.50 ft 
 Discharge 10.50 ft³/s 

 Channel Slope  Normal Depth  Discharge  Wetted  
 (ft/ft) (ft) (ft³/s) Perimeter (ft) 

 Diameter (ft) Velocity (ft/s) Flow Area (ft²) Top Width (ft) 

 1.50 0.0050 1.50 7.43 4.20 1.77 4.71 0.00 
 1.50 0.0100 1.50 10.50 5.94 1.77 4.71 0.00 
 1.50 0.0150 1.50 12.86 7.28 1.77 4.71 0.00 
 1.50 0.0200 1.50 14.85 8.41 1.77 4.71 0.00 
 1.50 0.0250 1.50 16.61 9.40 1.77 4.71 0.00 
 1.50 0.0300 1.50 18.19 10.30 1.77 4.71 0.00 
 1.50 0.0350 1.50 19.65 11.12 1.77 4.71 0.00 
 1.50 0.0400 1.50 21.01 11.89 1.77 4.71 0.00 
 1.50 0.0450 1.50 22.28 12.61 1.77 4.71 0.00 
 1.50 0.0500 1.50 23.49 13.29 1.77 4.71 0.00 
 1.50 0.0550 1.50 24.63 13.94 1.77 4.71 0.00 
 1.50 0.0600 1.50 25.73 14.56 1.77 4.71 0.00 
 2.00 0.0050 2.00 16.00 5.09 3.14 6.28 0.00 
 2.00 0.0100 2.00 22.62 7.20 3.14 6.28 0.00 
 2.00 0.0150 2.00 27.71 8.82 3.14 6.28 0.00 
 2.00 0.0200 2.00 31.99 10.18 3.14 6.28 0.00 
 2.00 0.0250 2.00 35.77 11.39 3.14 6.28 0.00 
 2.00 0.0300 2.00 39.18 12.47 3.14 6.28 0.00 
 2.00 0.0350 2.00 42.32 13.47 3.14 6.28 0.00 
 2.00 0.0400 2.00 45.24 14.40 3.14 6.28 0.00 
 2.00 0.0450 2.00 47.99 15.27 3.14 6.28 0.00 
 2.00 0.0500 2.00 50.58 16.10 3.14 6.28 0.00 
 2.00 0.0550 2.00 53.05 16.89 3.14 6.28 0.00 
 2.00 0.0600 2.00 55.41 17.64 3.14 6.28 0.00 
 2.50 0.0050 2.50 29.00 5.91 4.91 7.85 0.00 
 2.50 0.0100 2.50 41.01 8.36 4.91 7.85 0.00 
 2.50 0.0150 2.50 50.23 10.23 4.91 7.85 0.00 
 2.50 0.0200 2.50 58.00 11.82 4.91 7.85 0.00 
 2.50 0.0250 2.50 64.85 13.21 4.91 7.85 0.00 
 2.50 0.0300 2.50 71.04 14.47 4.91 7.85 0.00 
 2.50 0.0350 2.50 76.73 15.63 4.91 7.85 0.00 
 2.50 0.0400 2.50 82.03 16.71 4.91 7.85 0.00 
 2.50 0.0450 2.50 87.01 17.72 4.91 7.85 0.00 
 2.50 0.0500 2.50 91.71 18.68 4.91 7.85 0.00 



Drainage Report  Page 24 
Nichols Road – Tr. 37305  July 2018 

 2.50 0.0550 2.50 96.19 19.60 4.91 7.85 0.00 
 2.50 0.0600 2.50 100.47 20.47 4.91 7.85 0.00 
 3.00 0.0050 3.00 47.16 6.67 7.07 9.42 0.00 
 3.00 0.0100 3.00 66.69 9.44 7.07 9.42 0.00 
 3.00 0.0150 3.00 81.68 11.56 7.07 9.42 0.00 
 3.00 0.0200 3.00 94.32 13.34 7.07 9.42 0.00 
 3.00 0.0250 3.00 105.45 14.92 7.07 9.42 0.00 
 3.00 0.0300 3.00 115.52 16.34 7.07 9.42 0.00 
 3.00 0.0350 3.00 124.77 17.65 7.07 9.42 0.00 
 3.00 0.0400 3.00 133.39 18.87 7.07 9.42 0.00 
 3.00 0.0450 3.00 141.48 20.02 7.07 9.42 0.00 
 3.00 0.0500 3.00 149.13 21.10 7.07 9.42 0.00 
 3.00 0.0550 3.00 156.41 22.13 7.07 9.42 0.00 
 3.00 0.0600 3.00 163.37 23.11 7.07 9.42 0.00 
 3.50 0.0050 3.50 71.14 7.39 9.62 11.00 0.00 
 3.50 0.0100 3.50 100.60 10.46 9.62 11.00 0.00 
 3.50 0.0150 3.50 123.21 12.81 9.62 11.00 0.00 
 3.50 0.0200 3.50 142.28 14.79 9.62 11.00 0.00 
 3.50 0.0250 3.50 159.07 16.53 9.62 11.00 0.00 
 3.50 0.0300 3.50 174.25 18.11 9.62 11.00 0.00 
 3.50 0.0350 3.50 188.21 19.56 9.62 11.00 0.00 
 3.50 0.0400 3.50 201.21 20.91 9.62 11.00 0.00 
 3.50 0.0450 3.50 213.41 22.18 9.62 11.00 0.00 
 3.50 0.0500 3.50 224.96 23.38 9.62 11.00 0.00 
 3.50 0.0550 3.50 235.94 24.52 9.62 11.00 0.00 
 3.50 0.0600 3.50 246.43 25.61 9.62 11.00 0.00 
 4.00 0.0050 4.00 101.57 8.08 12.57 12.57 0.00 
 4.00 0.0100 4.00 143.64 11.43 12.57 12.57 0.00 
 4.00 0.0150 4.00 175.92 14.00 12.57 12.57 0.00 
 4.00 0.0200 4.00 203.13 16.16 12.57 12.57 0.00 
 4.00 0.0250 4.00 227.11 18.07 12.57 12.57 0.00 
 4.00 0.0300 4.00 248.78 19.80 12.57 12.57 0.00 
 4.00 0.0350 4.00 268.72 21.38 12.57 12.57 0.00 
 4.00 0.0400 4.00 287.27 22.86 12.57 12.57 0.00 
 4.00 0.0450 4.00 304.70 24.25 12.57 12.57 0.00 
 4.00 0.0500 4.00 321.18 25.56 12.57 12.57 0.00 
 4.00 0.0550 4.00 336.85 26.81 12.57 12.57 0.00 
 4.00 0.0600 4.00 351.83 28.00 12.57 12.57 0.00 
 4.50 0.0050 4.50 139.04 8.74 15.90 14.14 0.00 
 4.50 0.0100 4.50 196.64 12.36 15.90 14.14 0.00 
 4.50 0.0150 4.50 240.83 15.14 15.90 14.14 0.00 
 4.50 0.0200 4.50 278.09 17.49 15.90 14.14 0.00 
 4.50 0.0250 4.50 310.91 19.55 15.90 14.14 0.00 
 4.50 0.0300 4.50 340.59 21.41 15.90 14.14 0.00 
 4.50 0.0350 4.50 367.88 23.13 15.90 14.14 0.00 
 4.50 0.0400 4.50 393.28 24.73 15.90 14.14 0.00 
 4.50 0.0450 4.50 417.13 26.23 15.90 14.14 0.00 
 4.50 0.0500 4.50 439.70 27.65 15.90 14.14 0.00 
 4.50 0.0550 4.50 461.16 29.00 15.90 14.14 0.00 
 4.50 0.0600 4.50 481.66 30.29 15.90 14.14 0.00 
 5.00 0.0050 5.00 184.15 9.38 19.63 15.71 0.00 
 5.00 0.0100 5.00 260.43 13.26 19.63 15.71 0.00 
 5.00 0.0150 5.00 318.96 16.24 19.63 15.71 0.00 
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 5.00 0.0200 5.00 368.30 18.76 19.63 15.71 0.00 
 5.00 0.0250 5.00 411.77 20.97 19.63 15.71 0.00 
 5.00 0.0300 5.00 451.08 22.97 19.63 15.71 0.00 
 5.00 0.0350 5.00 487.22 24.81 19.63 15.71 0.00 
 5.00 0.0400 5.00 520.86 26.53 19.63 15.71 0.00 
 5.00 0.0450 5.00 552.45 28.14 19.63 15.71 0.00 
 5.00 0.0500 5.00 582.34 29.66 19.63 15.71 0.00 
 5.00 0.0550 5.00 610.76 31.11 19.63 15.71 0.00 
 5.00 0.0600 5.00 637.92 32.49 19.63 15.71 0.00 
 5.50 0.0050 5.50 237.44 9.99 23.76 17.28 0.00 
 5.50 0.0100 5.50 335.79 14.13 23.76 17.28 0.00 
 5.50 0.0150 5.50 411.26 17.31 23.76 17.28 0.00 
 5.50 0.0200 5.50 474.88 19.99 23.76 17.28 0.00 
 5.50 0.0250 5.50 530.93 22.35 23.76 17.28 0.00 
 5.50 0.0300 5.50 581.61 24.48 23.76 17.28 0.00 
 5.50 0.0350 5.50 628.21 26.44 23.76 17.28 0.00 
 5.50 0.0400 5.50 671.58 28.27 23.76 17.28 0.00 
 5.50 0.0450 5.50 712.32 29.98 23.76 17.28 0.00 
 5.50 0.0500 5.50 750.85 31.60 23.76 17.28 0.00 
 5.50 0.0550 5.50 787.50 33.15 23.76 17.28 0.00 
 5.50 0.0600 5.50 822.52 34.62 23.76 17.28 0.00 
 6.00 0.0050 6.00 299.45 10.59 28.27 18.85 0.00 
 6.00 0.0100 6.00 423.49 14.98 28.27 18.85 0.00 
 6.00 0.0150 6.00 518.66 18.34 28.27 18.85 0.00 
 6.00 0.0200 6.00 598.90 21.18 28.27 18.85 0.00 
 6.00 0.0250 6.00 669.59 23.68 28.27 18.85 0.00 
 6.00 0.0300 6.00 733.50 25.94 28.27 18.85 0.00 
 6.00 0.0350 6.00 792.27 28.02 28.27 18.85 0.00 
 6.00 0.0400 6.00 846.97 29.96 28.27 18.85 0.00 
 6.00 0.0450 6.00 898.35 31.77 28.27 18.85 0.00 
 6.00 0.0500 6.00 946.94 33.49 28.27 18.85 0.00 
 6.00 0.0550 6.00 993.16 35.13 28.27 18.85 0.00 
 6.00 0.0600 6.00 1037.32 36.69 28.27 18.85 0.00 
 6.50 0.0050 6.50 370.70 11.17 33.18 20.42 0.00 
 6.50 0.0100 6.50 524.25 15.80 33.18 20.42 0.00 
 6.50 0.0150 6.50 642.07 19.35 33.18 20.42 0.00 
 6.50 0.0200 6.50 741.40 22.34 33.18 20.42 0.00 
 6.50 0.0250 6.50 828.91 24.98 33.18 20.42 0.00 
 6.50 0.0300 6.50 908.03 27.36 33.18 20.42 0.00 
 6.50 0.0350 6.50 980.78 29.56 33.18 20.42 0.00 
 6.50 0.0400 6.50 1048.50 31.60 33.18 20.42 0.00 
 6.50 0.0450 6.50 1112.10 33.51 33.18 20.42 0.00 
 6.50 0.0500 6.50 1172.26 35.33 33.18 20.42 0.00 
 6.50 0.0550 6.50 1229.47 37.05 33.18 20.42 0.00 
 6.50 0.0600 6.50 1284.14 38.70 33.18 20.42 0.00 
 7.00 0.0050 7.00 451.70 11.74 38.48 21.99 0.00 
 7.00 0.0100 7.00 638.80 16.60 38.48 21.99 0.00 
 7.00 0.0150 7.00 782.36 20.33 38.48 21.99 0.00 
 7.00 0.0200 7.00 903.40 23.47 38.48 21.99 0.00 
 7.00 0.0250 7.00 1010.03 26.25 38.48 21.99 0.00 
 7.00 0.0300 7.00 1106.43 28.75 38.48 21.99 0.00 
 7.00 0.0350 7.00 1195.08 31.05 38.48 21.99 0.00 
 7.00 0.0400 7.00 1277.59 33.20 38.48 21.99 0.00 
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 7.00 0.0450 7.00 1355.09 35.21 38.48 21.99 0.00 
 7.00 0.0500 7.00 1428.39 37.12 38.48 21.99 0.00 
 7.00 0.0550 7.00 1498.11 38.93 38.48 21.99 0.00 
 7.00 0.0600 7.00 1564.73 40.66 38.48 21.99 0.00 
 

 
The on-site drainage hydrology for the proposed condition is based on the peak flow inflow 
hydrograph for 100-year 1-hour storm (Attachment B), the sub-drainage areas are calculated by 
prorating from the Drainage Area peak flow. 
 
On-site Drainage Areas A and C 
 

ONSITE   HYDROLOGY

Nichols Road - Tract 37305

AREA ACRE (Ac)

Q100 =       

cfs/Ac *)

Q100        

(cfs)

Main Line Q100        

(cfs)

Main Line Pipe 

Size (slope 1%)

A-1 2.85 3.02 8.61
A-2 1.87 3.02 5.65 14.25 24"
A-3 5.19 3.02 15.67 29.93 30"
A-4 0.89 3.02 2.69 32.62 30"
A-5 0.69 3.02 2.08
A-6 2.86 3.02 8.64 10.72 24"
A-7 2.81 3.02 8.49 19.21 24"
A-8 1.43 3.02 4.32 23.53 30"
A-9 1.55 3.02 4.68 28.21 30"

A-10 2.02 3.02 6.10 34.31 30"
A-11 2.05 3.02 6.19 40.50 36"
A-12 1.34 3.02 4.05 44.55 36"
A-13 1.47 3.02 4.44 48.98 36"

C-1a 5.5 3.02 16.61 **) Ex. 24" Caltrans
C-2a 5.8 3.02 17.52 **) Ex. 24" Caltrans
A-14 12.77 3.02 38.57 38.57 36"

*) Based on Area A (40.1 Ac) Hydrograph peak 100-year 1-hour = 120.95 cfs ==> 3.02 cfs/Ac
**) Low flow from Areas C-1a and C-2a drain into Sand Filter Basin A  
 
Similar approach was used to determine on-site peak discharges for other Drainage 
Area (Area B). 
See Figure 6 for results. 
  
 
 
 



Drainage Report  Page 27 
Nichols Road – Tr. 37305  July 2018 

 
 
 HYDROMODIFICATION - (HCOC) 
 
 
The proposed project Water Quality/Detention Basins are capable of all of the following:  
 
1. Releasing the post-development hydrograph for 2-year, 24-hour at flow rates no greater than 

110% of pre-development 2-year flow, 24-hour peak flow rates. 
2. By-passing the 100-year storm event without damage to the BMP. 
3. Control outlet velocities such that downstream erosion potential is minimized and outlet flows 
    are released in a safe manner.    
 
Detention Basin Routing Calculations 
 
The Detention Basin Routing Calculations were conducted using the CivilCADD/Design software 
and the Riverside County Hydrology Manual.   In this analysis, the goal was to estimate the 
quantity of storm water to be detained onsite to mitigate the increase in storm water peak 
discharge and volume resulting from this development for the 100-year 1-hour, 3-hour, 6-hour, 
24-hour storms and 2-year 24-hour for HCOC mitigation. 
 
HCOC criteria is considered mitigated by mimicking the pre-development hydrograph with the 
post-development hydrograph, for a 2-year return frequency storm. Generally, the hydrologic 
conditions of concern are not significant, if the post-development hydrograph is no more than 
10% greater than pre-development hydrograph. In cases where excess volume cannot be 
infiltrated or captured and reused, discharge from the site must be limited to a flow rate no 
greater than 110% of the pre-development 2-year peak flow.  
 
Based on the information provided above, this project meets the requirements of Condition 
C and will not create a hydrologic condition of concern in the proximate or downstream receiving 
waters.  
 
Project development and other improvements include local storm drain systems which convey 
developed flows and street areas runoff to proposed Enhanced Sand Filter Basins and 
Enhanced Extended Detention Basins. For Hydromodification, the proposed Detention Basins 
include sufficient volume above the proposed water quality volume that will satisfy the 
requirement of post-development peak discharge, volume and time of concentration for the 2-
year 24-hour storm that DOES NOT exceed the pre-development peak runoff by more than 10 
percent. 
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Detention Basin Routing Calculations 
 
The Detention Basin Routing Calculations were conducted using the CivilCADD/Design software 
and the Riverside County Hydrology Manual.   In this analysis, the goal was to estimate the 
quantity of storm water to be detained onsite to mitigate the increase in storm water peak 
discharge and volume resulting from this development for 100-year 24-hour storms by proposing 
two (2) Detention Basins A and B. 
 
The results of these calculations are displayed in the table below and show no increase over 10% in 
discharge due to development: 
 
 
Summary of Hydrographs, 24-hour 2-year storm:  
Drainage Area A – existing (51.4 Ac), proposed (51.4 Ac) 

Storm 
Frequency 

Existing 
Q 2  (cfs) 

[1] 

Proposed 
Q 2  (cfs) 

Det. Basin 
Outlet 

Q 2  (cfs) [2] 

Different 
[2] – [1] 

(cfs) 

Different 
[2] – [1] 

(%) 
      

2-year 24-hour 9.37 13.12 6.75 -2.62 -28% 
      
 
Drainage Area B – existing (8.4 Ac), proposed (8.4 Ac) 

Storm 
Frequency 

Existing 
Q 2  (cfs) 

[1] 

Proposed 
Q 2  (cfs) 

Det. Basin 
Outlet 

Q 2  (cfs) [2] 

Different 
[2] – [1] 

(cfs) 

Different 
[2] – [1] 

(%) 
      

2-year 24-hour 1.52 1.97 0.95 -0.57 -37.5% 
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CONCLUSIONS 
 
The proposed TTM 37305 project grading areas and proposed drainage systems are in 
conformance with General Plan, and proposed Land Use. The proposed grading and the proposed 
storm drain system will connect to existing facilities where it is reasonably feasible, and/or outlet to 
existing drainage facilities. Potential project impacts related to drainage runoff and water quality will 
be mitigated according to County/City requirements. 
 
 
The development of Tract 37305 will provide for grading for the proposed 168 single family lots, a 
Commercial Site, a park site, open space areas and the construction of a storm drain system that 
will: 

- Safely intercept offsite flows and convey through the site without co-mingling 
these flows with untreated onsite developed flows. 

- Generally maintain the drainage patterns and discharge locations. 

- In complying with Santa Ana Region NPDES-MS4 Permit requirements, 
safely intercept Design Capture Volume and convey onsite developed storm 
flows to onsite Water Quality Treatment Control Basins.  

- Provide emergency by-pass for 100-year storm event without damage the 
BMPs. 

- Control outlet velocities such that downstream erosion potential is minimized 
and outlet flows are released in a safe manner.   

 
Per the current MS4 Permit: 
HCOC criteria is considered mitigated by mimicking the pre-development hydrograph with the 
post-development hydrograph, for a 2-year return frequency storm. Generally, the hydrologic 
conditions of concern are not significant, if the post-development hydrograph is no more than 
10% greater than pre-development hydrograph. In cases where excess volume cannot be 
infiltrated or captured and reused, discharge from the site must be limited to a flow rate no 
greater than 110% of the pre-development 2-year peak flow.  
 
Based on the information provided within this Drainage Report, this project meets the 
requirements of HCOC Condition C and will not create a hydrologic condition of concern in the 
proximate or downstream receiving waters. 
 
The proposed backbone storm drain systems are designed for the ultimate / proposed condition to 
convey the 100-year storm event. All necessary drainage easements will be provided as required. A 
final report will be prepared to accurately document the sizing of proposed channels, detention 
basins, catch basins, and will include storm drain water surface profile calculations to make sure 
that the system is capable of conveying the 100-year storm event. The storm drain system design 
will include water quality BMPs, the various water quality BMPs will provide mitigation as currently 
proposed and as processed through the City’s review and approval process. Potential project 
impacts related to drainage runoff and water quality will be mitigated in accordance with the City of 
Lake Elsinore’s and Riverside County’s MS4 Permit requirements. 
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FIGURES 



 

FIGURE 2 

Stovepipe Creek Hydrograph Area Map – Existing Conditions 
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