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1.0 Introduction 
 

The Workforce Reentry Center project is a 4.61-acre redevelopment project located between The City Drive South 
and the Santa Ana River, just north of State Route 22, in the City of Orange, CA. Refer to the Vicinity Map in Figure 1. 
The purpose of this study is to determine the necessary storm drain infrastructure while complying with City of 
Orange and Orange County design requirements. 

The scope of work includes the following: 

1. Rational method calculations to determine peak runoff for the 25-year and 100-year storm events for the 
pre-development and post-development conditions. 

2. Unit hydrograph and basin routing calculations to determine the optimal subsurface storage design that 
mitigates the increase in peak runoff between the pre-development and post-development conditions. 

3. Hydraulic calculations to determine the optimal post-development storm drain design and sizing for the 25-
year storm event. 

 

Figure 1: Vicinity Map 
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2.0 Project Overview and Drainage Conditions 
 

2.1 Project Overview 
The Workforce Reentry Center project is considered a redevelopment project, with demolition of several buildings and 
construction of three new buildings with a total building footprint of approximately 45,500 square feet. The total 
disturbed area is 4.61 acres and extends to the property boundary on all sides. 

 

2.2 Pre-Development Conditions 
The pre-development site is mostly impervious and consists of paved parking lot and several existing buildings with 
minimal landscaped areas. Existing grades slope generally from north to south with approximately 8 feet of maximum 
elevation difference across the site. 

An existing 45 inch city storm drain pipe travels from west to east through the middle of the site, carrying flows from 
The City Drive South to the Santa Ana River Channel. An existing 66 inch regional storm drain pipe also travels from 
west to east, along the southern boundary of the site, carrying flows from The City Drive South to the Santa Ana River 
Channel. Small drainage areas along the west edge of the site discharge as surface flow into the east gutter of The 
City Drive South. Gutter flows enter a public storm drain inlet and into the 45 inch storm drain pipe mentioned above. 

Storm water discharges into the Santa Ana River Channel, a 270-foot wide channel that is approximately 120 feet east 
of the eastern project boundary, then travels approximately 11 miles to the Pacific Ocean. 

The pre-development site is divided into eight (8) drainage areas, each with their own discharge point leaving the site. 
The drainage areas are shown in the Pre-Development Hydrology Exhibit in Appendix D, and are as follows: 

Drainage Area A consists of 3.29 acres of parking lot, buildings and a large landscaped areas. Runoff from 
Area A drains into a series of drain inlets and into the existing 66 inch storm drain pipe at Discharge Point A. 

Drainage Areas B, C, D, E and F consists of 0.77 acres of mostly impervious areas. Runoff from these areas 
all drain as surface flow into the east gutter of The City Drive South at Discharge Points B, C, D, E and F. 

Drainage Areas G and H consist of 0.50 acres of mostly impervious areas. Runoff from these areas drain into 
a series of drain inlets and into the existing 45 inch storm drain pipe at Discharge Points G and H. 

Land uses for the pre-development condition are listed in Table 1. 

 

2.3 Post-Development Conditions 
The post-development site consists of three new buildings with surrounding parking lots and landscaped areas. The 
buildings reside within an area with reduced flood risk due to levee. Refer to the FEMA National Flood Hazard Layer 
FIRMette in Appendix E. 

The post-development site is graded so almost the entire property drains from south to north to mimic the pre-
development condition. Of the 4.61 acres, runoff from 4.29 acres is captured by storm drain inlets and enters a new 
underground storm drain system where it is infiltrated in underground retention pipes. Overflow discharges from the 
retention pipes into the existing storm drain pipes. Runoff from the remaining 0.32 acres cannot be captured due to 
grading limitations and discharges into the east gutter of The City Drive South where it is picked up by public storm 
drain facilities. 

The post-development hydrology is divided into six (6) drainage areas, each with their own discharge point at the 
storm drain connection or property boundary. The drainage areas are shown in the Post-Development Hydrology 
Exhibit in Appendix D, and are as follows: 

Area A is 0.93 acres and encompasses the northwest portion of parking lot. Runoff from Area A enters storm 
drain inlets into an underground infiltration system, with an overflow pipe connecting to the existing 45 inch 
storm drain pipe at Discharge Point A. 

Area B consists of 1.74 acres that includes two buildings and most of the north and east portions of the site. 
Runoff from Area B enters storm drain inlets into a second underground infiltration system, with an overflow 
pipe connecting to the existing 45 inch storm drain pipe and Discharge Point B. 

Ill 
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Area C is 1.62 acres and encompasses the southwestern portion of the site, including the third building. 
Runoff from Area C enters storm drain inlets into a third underground infiltration system, with an overflow pipe 
connecting to the existing 66 inch storm drain pipe at Discharge Point C. 

Areas D, E and F consist of 0.32 acres of parking lot along the western property boundary. Runoff from these 
areas all drain as surface flow into the east gutter of The City Drive South at Discharge Points D, E and F. 

Land uses for the post-development condition are listed in Table 1. 

 

Table 1: Land Use Summary 

 Total Area 

(ac) 

Impervious 
Area 

(ac) 

Impervious 
Fraction 

Pervious 
Area 

(ac) 

Pervious 
Fraction 

Pre-Development 
Condition 

4.61 3.33 0.72 1.28 0.28 

Post-Development 
Condition 

4.61 3.94 0.86 0.66 0.14 

 
 
 

3.0 Hydrology 
 
Hydrologic analyses were prepared in accordance with the City Orange, which defers to the requirements of the 
Orange County Hydrology Manual (1986). Hydrologic analyses were performed for the pre-development and post-
development conditions for the 25-year and 100-year post-development conditions for use in calculations in later 
sections of this report. 
 
The site consists of Type B soils, as obtained from the National Resources Conservation Service (NRCS) WebSoil 
Survey, and Type A soils, as obtained from the Orange County Technical Guidance Document Exhibit XVI-2a. Type B 
and A soils generally have low runoff potential and high infiltration rates. For the analyses in this report, Type B soils 
were used for conservative results. The curve number (CN) corresponding to the soil type and land cover was selected 
from the hydrology manual Figure C-3 for use in the hydrograph analyses. For impervious areas, a curve number of 
98 was used, and for urban landscaped areas, a curve number of 75 was used. 
 

3.1 Rational Method Analysis 
 
The rational method analysis was performed using the Advanced Engineering Software (AES), which follows the 
computational techniques as outlined by the Orange County Hydrology Manual, Section D. 
 
The flows discharging from the eight separate drainage areas in the pre-development condition, at eight separate 
points, were combined within the AES software to arrive at a total discharge at the time of concentration for the pre-
development entire site. Similarly, the flows discharging from the six separate drainage areas in the post-development 
condition, at six separate points, were also combined with AES to arrive at a total discharge for the entire post-
development site. 
 
For the 25-year storm event, total peak flow increased by 6% and the time of concentration increased by 8%. For the 
100-year storm event, total peak flow increased by 6% while the time of concentration decreased by 2%. The results 
for the rational method analysis are listed in Tables 2 and 3 below. Detailed calculations are included in Appendix A. 

■ 
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5.0 Conclusions 
 
This hydrology report was prepared to determine the required mitigation measures and storm sizing for the project. 
The underground retention systems were designed in accordance with Orange County and City of Orange 
requirements. The resulting discharge from the post-development site is significantly less than the discharge from the 
pre-development site, with a 51% reduction for the 100-year storm event. The project site is therefore not expected to 
have an impact on downstream drainage facilities. 

 

6.0 Declaration of Responsible Charge 
I hereby declare that I am the Engineer of work for this project, that I have exercised responsible charge over the 
design of the project as defined in section 6703 of the business and professions code, and that the design is 
consistent with current standards. 

I understand that the check of project drawings and specifications by the City of Lake Forest is confined to a review 
only and does not relieve me, as engineer of work, of my responsibilities for project design. 

Engineer of Work 

This report was prepared under the supervision of Kathereen Shinkai, PE, Director of Civil Engineering for LPA, Inc. 

 

__________________________________________________________ 
Kathereen Shinkai RCE 68369 Expires 09-30-2025 





















































































































































































































































































































Appendix E

Reference Drawings
Precise Grading Plans

     FEMA National Flood Hazard Layer FIRMette
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