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1. Purpose and Scope 
A drainage study is required for developments exceeding 10,000 square feet or 0.23 acre as part of 
the Conditional Use Permit process. This report summarizes the hydrologic analyses conducted to 
determine the necessary drainage improvements needed to provide flood protection for the proposed 
development and to safely convey runoff through the site during a 100-year storm event. The study 
also assesses whether the 100-year storm flows from the on-site projected development will create 
any significant runoff. 
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2. Background 

2.1. Site Description 

Location: The project site encompasses approximately 4.34 acres and includes parcel APN 
059711167, owned by the Robert Billings. It is situated in a desert area near Sun Mesa Road in Yucca 
Valley, California. 

Soil Classification (See Exhibit E): According to the San Bernardino County (SBC) Hydrology 
Manual Soil Group Map, the project site is classified as "Group B" soil. In the absence of detailed 
site-specific soil data, this classification is applied to ensure accurate analysis. Group B soils are 
characterized by moderate infiltration rates when thoroughly wetted, consisting primarily of 
moderately deep to deep, moderately well-drained to well-drained sandy-loam soils with moderately 
fine to moderately coarse textures. These soils also exhibit a moderate rate of water transmission. 

Flood Plain Information (See Exhibit O and Exhibit P): Per Firmette No. 06071C8120H, issued 
by the Federal Emergency Management Agency (FEMA) on June 28, 2008, the project site is 
designated as FEMA "Zone X," indicating minimal flood hazard. Although not located within the 
100-year floodplain according to the Department of Water Resources (DWR) Map, the site may have 
some flood risk due to the presence of levees, as outlined by the National Flood Insurance Program. 
Additional details are provided in Exhibit O and Exhibit P. 

Zoning and Land Use (See Attachment 2 and Attachment 3): The project site is located within 
the Industrial Zone of the Town of Yucca Valley. According to Section 9.10.030 of the Yucca Valley, 
California Code of Ordinances, the development standards for this zoning district require a minimum 
lot area of 5 acres, with a minimum width of 60 feet and a depth of 100 feet. 

2.2. Existing Condition (See Exhibit A) 

The project site is located in a semi-arid region with rugged desert terrain, featuring irregular slopes 
and varying topographic features. The soil gradient across the site varies, with the steepest slopes 
observed in the middle section, ranging from 6.10% to 12.50%, and in the southern section, where 
slopes range from 2.60% to 14.0%. The flatter areas of the site have more gradual slopes, ranging 
from 0.1% to 5.0%. The property spans approximately 4.34 acres, with the natural flow path directing 
runoff from the northwest toward the east and southeast, as shown in Exhibit A. 

As depicted in Exhibit A, the basin flows into the site, splitting into two sub-basins that direct flow into 
the area. These sub-basins include Basin A (6.94 acres) and Basin B (10.0 acres). Additionally, the 
off-site portions of these sub-basins, Off-A (4.48 acres) and Off-B (7.89 acres), channel stormwater 
from the northwest and west toward the project site. 
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3. Hydrology 

3.1. Purpose 

This hydrological analysis aims to evaluate stormwater flow patterns within the existing site, as well 
as its contributing off-site areas. A flow path has been established, and the contributing basin has 
been divided into smaller sub-basin to gain a clearer understanding of localized stormwater runoff 
behavior. Each sub-watershed was analyzed to determine its individual contribution to the overall 
flow path. The peak flow for each sub-basin has been estimated in accordance with the SBC 
Hydrology Manual, utilizing the 100-year peak flow. 

3.2. Methodology  

 

Area Delineation 

The project site and its surrounding area were delineated into two basins, Basin A and Basin B, 
which extend beyond the project boundary. Basin A and Basin B required separate analyses for both 
off-site and on-site areas. This study primarily aimed to determine the on-site discharge and assess 
the potential impact of storm events on the project area. The contour and Digital Elevation Model 
(DEM) data used for this analysis were obtained from the United States Geological Survey (USGS), 
which provided critical elevation information for accurate hydrological modeling. 

Discharge Calculation 

To determine the on-site discharge, the following equation was applied: the discharge of the basin 
(Q) minus the off-site inflow (Qoffsite). This approach considers the total discharge generated by the 
larger basins that extend beyond the project site (Basin-A and Basin-B). The off-site inflow, 
representing the portion of runoff originating from areas outside the project boundary, was 
subtracted from the overall basin discharge. This calculation isolates the on-site discharge, providing 
an accurate representation of how much runoff will affect the project area during the 100-year storm 
event.  

By using this method, the discharge values for both on-site and off-site areas were distinguished, 
allowing for a focused analysis of the direct hydrological impact on the project site. 
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Time of Concentration 

The Time of Concentration (Tc) and Peak Flow rates were calculated based on SBC Hydrology 
Manual sections D.3 and E. Section D.3 was used for drainage areas less than 640 acres, while 
Section E applied to areas larger than 640 acres. The methods and equations employed for these 
calculations are detailed in subsequent sections. 

This comprehensive methodology ensured that both on-site and off-site hydrological effects were 
thoroughly analyzed, providing a reliable basis for understanding potential stormwater impacts on 
the project area. 

Areas Less than 640 acres 
 

1. Determine the area (A, acres) of the total watershed tributary to the point of concentration. 
2. Determine the Initial time of concentration, Tc, using Figure D-1. Initial Sub-area should be 

less than 10 acres, have a flow path of less than 1,000 feet. 
3. Using the time of concentration, determine the Intensity of rainfall in inches per hour (I) from 

the appropriate intensity-duration curve for the particular area using Figure D-3. 
4. Calculate the area-averaged maximum loss rate, Fm, which corresponds to the soil group, 

cover complex, and imperviousness of the drainage subarea. Loss rates for the pervious 
area, Fp, follow from section C.6.4. 

5. Compute Peak flow, Q for the point of concentration 

The modified rational method formula is expressed as: 

𝑸 = 𝑪𝑰𝑨 

𝑪 = 𝟎. 𝟗𝟎 ቊ𝒂𝒊 + ቈ
൫𝑰 − 𝑭𝒑൯൫𝒂𝒑൯

𝑰
቉ቋ , 𝒇𝒐𝒓 𝑰 𝒈𝒓𝒆𝒂𝒕𝒆𝒓 𝒕𝒉𝒂𝒏 𝑭𝒑                            

= 𝟎. 𝟗𝟎𝒂𝒊, 𝒇𝒐𝒓 𝑰 𝒍𝒆𝒔𝒔 𝒕𝒉𝒂𝒏 𝒐𝒓 𝒆𝒒𝒖𝒂𝒍 𝒕𝒐 𝑭𝒑 

Where, 

 Q = Peak discharge, in cubic feet per second (cfs) 

 C = Runoff Coefficient, portion of rainfall that runs off the surface (no units) 

 I = Average Rainfall Intensity (in inches/hour) for a duration equal to the Tc for the area  

 A = Area of Lot in acre 

Note: If the computed Tc is less than 5 minutes, use 5 minutes for the peak discharge, Q. 
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3.3. Existing Condition 

Basin Hydrology 

 
Refer to Existing condition drainage patterns in Exhibit A. 

Each basin was evaluated for the 100-year storm event, with peak flow rates and times of 
concentration (Tc) calculated to assess their contribution to the site's overall drainage and potential 
flood risk. 

Basin-A, spanning 6.94 acres, has a flow path of 979 feet with an elevation difference of 29.70 feet. 
The time of concentration (Tc) for the 100-year storm event was calculated to be 9.50 minutes, 
resulting in a peak flow rate of 24.05 cubic feet per second (cfs). The relatively short Tc and 
moderate elevation change highlight the basin's potential for swift runoff response during intense 
storm events.  

Basin-B, the largest basin, covers an area of 10 acres and features a flow path of 1,000 feet with an 
elevation difference of 22.80 feet. Its time of concentration (Tc) was determined to be 10 minutes for 
the 100-year storm event, producing a peak flow rate of 33.40 cubic feet per second (cfs). The size 
of this basin and its peak flow rate emphasize the importance of comprehensive flood management 
strategies to handle substantial runoff contributions. 

Each basin was carefully analyzed to understand the flow dynamics during major storm events. The 
results emphasize the differing contributions of each basin, with Basin-B being the largest runoff 
contributor. This hydrologic analysis is crucial for designing effective flood mitigation strategies and 
ensuring the site's drainage system can manage stormwater runoff efficiently. 

Detailed calculations are provided in the following subsection. 

Parameters and Calculations 
 
Time of Concentration, minutes: Time of concentration (Tc) calculations were performed using 
Nomograph for Determination of Time of Concentration (Tc) (based in Kirpich Formula) or Travel 
Time (Tt) for Natural Watersheds (See – Exhibit F). 
 

Table 1 – Basin Time of Concentration 

Drainage Area 
Area 
(AC) 

Flow Path 
(ft) 

Elevation Diff 
(ft) 

Soil Runoff 
Index Value 

Infiltration 
Rate, Fp 

Time of Conct. 
(min) 

Basin-A 6.94 979 29.70 56 0.268 25.90 
Basin-B 10.00 1000 22.80 56 0.268 24.40 

 
 
Soil Group: San Bernardino County Hydrology Manual was used to determine soil types. Based on 
San Bernardino County Hydrology Manual (Exhibit E), the project site is classified as ‘soil type B’. 
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Cover Type: The site’s land cover type was identified using Exhibit G and Exhibit H, which classifies 
the existing pervious land cover as "Urban Cover, Residential or Commercial Landscape." 
Additionally, Exhibit I recommends an impervious cover of 90% for the site. 

Rainfall Depth: Rainfall depth are obtained from Exhibit K and Exhibit L for 100-year and 10-year 1-
hour precipitation. These are then used for the estimation of 25-year rainfall depth, 1-hour using 
Exhibit M. 

Table 2 – Basin Rainfall Depth 

Storm Event 
Rainfall Depth 

(in) 
100-Year 1 hour 1.40 
10-Year 1 hour 0.90 

 

Table 3 – On-site Rainfall depth and Rainfall Intensity 
 

 

 

 

Infiltration Rate: From the manual’s Figures B-9 and B-10 (see Exhibit J) rainfall depth was 
estimated. 

 
Peak Flow, cfs: The value for the peak flow was determined once Rainfall Data and Runoff 
Coefficient values were calculated using the parameters. 
 

For Basin-A: 

100-Yr 1-hour Precipitation depth = 1.40 inch (Exhibit K) 

10-Yr 1-hour Precipitation depth = 0.90 inch (Exhibit L) 

So, 25-Yr 1-hour Precipitation depth = 1.08 inch (Exhibit M) 
 
So, 25-Yr Rainfall intensity for 9.50 min storm, I = 1.3.92 in/hr (Exhibit N) 

As we discussed, 100-Yr 'existing' conditions is based on 25-Yr storm using AMC II 

So, Basin-A 100-Year peak flow, Q = C x I x A = 0.90(ai + ((I-Fp)ap)/I) x I x A 

                                                    QA = 0.90x(0.90+((3.92-0.745 x 0.10)/3.92)x 3.92 x 6.94 = 24.05 cfs 

       QB = 33.40 cfs 

        

 

 

Drainage Area Impervious 
Cover 

Slope of Intensity 
(Desert Area) 

Rainfall Intensity (I), 
in/hr 

Basin-A 0.90 0.70 3.92 
Basin-B 0.90 0.70 3.79 
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The summary of the calculations of the peak flow of on-site drainage is presented below. 

Table 4 – Peak Flow Rate 

Drainage 
Area 

Area 
(ac) 

Runoff 
Index 

Values 
FP 

ai 
(%Impervious) 

ap 
(% Perv) 

Rainfall 
Intensity, I 

(in/hr) 

Peak 
Flow, Qs 

(cfs) 
Basin-A 6.94 56 0.745 0.90 0.10 3.92 24.05 
Basin-B 6.149 86 0.268 0.90 0.10 3.79 33.40 

 

Off-site Hydrology 

Refer to Existing condition drainage patterns in Exhibit A.  

For the off-site hydrology analysis, the watershed was divided into two primary sections: Basin-A and 
Basin-B. These basins extend beyond the project site, and both the on-site and off-site portions were 
analyzed to determine the impact of stormwater inflow on the site. The off-site inflows, designated as 
Off-A and Off-B, were evaluated using the principle of conservation of energy (Q-Qin), where off-site 
inflow (Qin) is subtracted from the total basin discharge (Q) to isolate the on-site discharge (Qout). 
 

Off-A (Off-site of Basin-A) 

Off-A, the off-site portion of Basin-A, encompasses a watershed area of 4.48 acres. The flow path 
extends 593 feet with an elevation difference of 14.60 feet, resulting in a calculated time of 
concentration (Tc) of 8.0 minutes. For the 100-year storm event, the peak flow rate is determined to 
be 17.54 cubic feet per second (cfs), indicating a relatively rapid response to precipitation due to the 
short flow path and moderate elevation change. This highlights the significance of managing runoff 
efficiently to mitigate potential flooding or erosion impacts downstream. 

Off-B (Off-Site Basin-B) 

Off-B, the off-site portion of Basin-B, covers a watershed area of 7.89 acres. It features a flow path 
of 695 feet with an elevation difference of 19.90 feet, resulting in a calculated time of concentration 
(Tc) of 8.30 minutes. For the 100-year storm event, the peak flow rate was estimated to be 30.09 
cubic feet per second (cfs). The relatively short Tc and significant peak flow underscore the 
importance of implementing effective stormwater management strategies to address potential runoff 
impacts and mitigate downstream risks. 

By subtracting the off-site inflows from Off-A and Off-B from the total discharge of Basin-A and 
Basin-B, the on-site discharge was calculated. This method allowed for a focused analysis of how 
the off-site portions of these watersheds affect the project site, ensuring that inflows from external 
areas were properly accounted for in the overall drainage design. 

This off-site hydrology analysis is crucial for developing appropriate stormwater management 
strategies, as the inflows from surrounding areas directly influence the volume of runoff that must be 
managed within the project boundary. 

The calculations can be seen in detail in the following sub-section. 
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Parameters and Calculations 
 
Time of Concentration in minutes see Exhibit F. Table below shows the parameters needed to 
estimate time of concentration. 
 

Table 5 – Existing Condition: Off-A and Off-B Time of Concentration 

Drainage Area 
Area 
(AC) 

Flow Path 
(ft) 

Elevation Diff 
(ft) 

Soil Runoff 
Index Value 

Infiltration 
Rate, Fp 

Time of Conct. 
(min) 

Off-A 4.48 593 14.60 56 0.745 8.00 

Off-B 7.89 695 19.90 56 0.745 8.30 

 

Soil Group: San Bernardino County Hydrology Manual was used to determine soil types. Based on 
San Bernardino County Hydrology Manual (Exhibit E), the project site is classified as ‘soil type B’. 

Cover Type: The site’s land cover type was identified using Exhibit G and Exhibit H, which classifies 
the existing pervious land cover as "Urban Cover, Residential or Commercial Landscape." 
Additionally, Exhibit I recommends an impervious cover of 90% for the site. 

Rainfall Depth: Rainfall depth are obtained from Exhibit K and Exhibit L for 100-year and 10-year 1-
hour precipitation. These are then used for the estimation of 25-year rainfall depth, 1-hour using 
Exhibit M. 

Table 6 – Existing Condition: Off-A and Off-B Rainfall Depth  

Storm Event 
Rainfall Depth 

(in) 
100-Year 1 hour 1.40 
10-Year 1 hour 0.90 

 

Table 7 – Existing Condition: Off-A and Off-B Rainfall depth and Rainfall Intensity 
 
 
 
 
 
 

Infiltration Rate: From the manual’s Figures B-9 and B-10 (see Exhibit J) rainfall depth was 
estimated. 

 

 

 

 

 

Drainage Area Impervious 
Cover 

Slope of Intensity 
(Desert Area) 

Rainfall Intensity (I), 
in/hr 

Off-A 1.0 0.70 2.71 
Off-B 1.0 0.70 2.53 
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Peak Flow, cfs: The value for the peak flow was determined once Rainfall Data and Runoff 
Coefficient values were calculated using the parameters. 

100-Yr 1-hour Precipitation depth = 1.40 inch (Exhibit K) 

10-Yr 1-hour Precipitation depth = 0.90 inch (Exhibit L) 

So, 25-Yr 1-hour Precipitation depth = 1.08 inch (Exhibit M) 
 
For Off-A: 
 
So, 25-Yr Rainfall intensity for 8.0 min storm, I = 4.43 in/hr (Exhibit N) 

As we discussed, 100-Yr 'existing' conditions is based on 25-Yr storm using AMC II 

So, Off-A 100-Year peak flow, Q = C x I x A = 0.90(ai + ((I-Fp)ap)/I) x I x A 

                                               QA = 0.90x(0.90 +((4.43-0.745) x 0.10)/ 4.43) x 4.43 x 4.48 =17.54 cfs 

                                                 QB = 30.09 cfs 

The summary of the off-site discharge calculations is provided below. 

 

Table 8 – Existing Condition: Off-A and Off-B Peak Flow Rate 

Drainage Area 
Area 
(AC) 

Runoff 
Index 

Values 
FP 

ai (% 
Impervious)

ap 
(% Perv) 

Rainfall 
Intensity, I 

(in/hr) 

Peak Flow, 
Qs 

(cfs) 
Off-A 4.48 56 0.745 0.90 0.90 4.43 17.54 
Off-B 2.73 56 0.745 0.90 0.90 4.31 30.09 

 

 

 

 

 

 

 

 

 

 

 



 

 

15Sun Mesa Road, Yucca Valley 

On-site Hydrology (See Exhibit A) 

For Basin-A, the total discharge was calculated to be 24.05 cubic feet per second (cfs). The inflow 
from the off-site portion of this basin, Off-A, was determined to be 17.54 cfs. After applying the 
conservation principle (Q - Qin), the on-site discharge for Basin-A is calculated at 6.51 cfs. 

For Basin-B, the total discharge was calculated at 33.40 cfs, with an inflow from Off-B of 30.09 cfs. 
Using the same principle, the resulting on-site discharge for Basin-B is 3.30 cfs. 

This analysis highlights that only Basin-A and Basin-B have both inflow and outflow components, 
meaning they significantly influence the on-site hydrology.  

A summary of the peak flow rates is provided in Exhibit B, illustrating that the on-site discharges for 
Basin-A and Basin-B are the primary concerns for drainage management, while Basin-C and Basin-
D are considered minor contributors to the overall hydrologic impact of the site. This thorough 
evaluation is critical for designing stormwater management strategies that effectively handle both 
internal and external runoff contributions. 

 

Table 9 – Summary of Peak Flow of all Basin 

Drainage Area 
Discharge, 

cfs 
Off-site 

Flow, cfs 
On-site 

Flow, cfs 
Basin-A 24.05 17.54 6.51 
Basin-B 33.40 30.09 3.30 
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4. Hydraulic Analysis 

4.1. Purpose 

The purpose of this section is to evaluate and present the hydraulic measures necessary for 
effective stormwater management on-site, ensuring compliance with local and regulatory standards. 
This includes the assessment of required volume mitigation to control runoff and prevent flooding, 
with a focus on determining the design capture volume (DCV) and implementing appropriate on-site 
retention systems, such as infiltration basins. 

Additionally, the section will incorporate the analysis of HEC-RAS results for the on-site runoff. The 
goal is to assess potential impacts from regional stormwater flows and evaluate how the site 
interacts with broader hydrological systems, particularly under critical storm events. This analysis will 
inform both the on-site mitigation strategies and any necessary adjustments to manage off-site 
drainage contributions effectively. 

4.2. On-site Volume Mitigation Required 

The method outlined in the San Bernardino County Hydrology Manual for estimating runoff volume 
from a design storm event employs an empirical factor known as the runoff curve number (CN). This 
factor is crucial for determining the portion of rainfall depth that converts to runoff. 

For this analysis, the 2-year, 24-hour rainfall depth from NOAA is 1.53 inches. The curve number 
(CN) for existing conditions is 56, as specified in the San Bernardino County Hydrology Manual. 
Additionally, the soil storage capacity is noted to be 7.86 inches, with an initial abstraction 
determined to be 1.57 inches. 

Using these values, the calculated runoff volume for the existing on-site conditions is approximately 
4.34 acre-feet, which converts to 189,050 square feet. 
 
See sub-section below for the detailed calculations. 

Calculations 

So, P2-Yr 24-hour Precipitation depth = 1.53 inch (Exhibit Q) 

S = (1000/CN) - 10 = (1000/56) - 10 
S = 7.86 
 
Ia = 0.2S = 0.20*7.86 
Ia = 1.57 
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Runoff Volume pre-developed, Vpre-dev = (A/12)*{[(P2-yr 24-hr -Ia)^2]/(P2-yr 24-hr – Ia + S} 

         = (4.34/12)*{[(1.53 – 1.57)^2]/ (1.53 – 1.57+ 7.86) 

         = 0.001 ac-ft  = 3.46 cf         

4.3. Design Capture Volume 

In accordance with Section E.12.e of the Phase 2 MS4 Permit issued by the California State Water 
Resources Control Board, four alternatives are provided for calculating the Design Capture Volume 
(DCV) when sizing Low Impact Development (LID) features and other Best Management Practices 
(BMPs). For the Mojave River Watershed, the Technical Guidance for Water Quality Management 
Plans (WQMP) specifies that the 24-hour, 85th percentile storm event is used to calculate the DCV. 

For a given site with an area of 189,050 square feet, 90% impervious surface for the recommended 
value for Industrial Land use by the SBC Hydrology Manual, and constants specific to the site’s 
climatic region (1.2371) and 48-hour drawdown rate (1.963), the Design Capture Volume (as per the 
Mojave River Watershed guidance) is calculated to be 13,243.12 cubic feet (cf).  

See calculations in detail below. 

Calculations 

DMA-A Area, A = 189,050 ft2 

Project Imperviousness, Imp% = 90% = 0.90 

Runoff Coefficient, (Rc) = 0.858(Imp%)^3-0.78(Imp%)^2+0.774(Imp%)+0.04 = 0.73 

1-hour rainfall depth for a 2-year return period (in), P1hr = 0.474 in 

 

Mean 6-hr Precipitation (inches), P6 = P1hr *C1 (where C1 is a function of site climatic region = 
1.2371)   
                                                            P6 = 0.586 in 
 
Design capture volume, DCV (ft3) = 1/12 * [A * Rc * P6 * C2],  

 where C2 is a function of drawdown rate (48-hr = 1.963)  

                                        So, DCV = 1/12 * [189,050 * 0.73 * 0.586 * 1.963] = 13,243.12 ft3 

                                        So, DCV > Runoff Volume Pre-dev 
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4.4. HEC-RAS Result (See Exhibit B and Exhibit C) 

Basin-A Hydraulic Results 

The hydraulic simulation for Basin A, encompassing a drainage area of 6.94 acres, was performed 
using a manual approach based on the San Bernardino County (SBC) Hydrology Manual to evaluate 
flow dynamics and channel behavior. Six cross-sections were strategically placed along the flow 
path at station points STA 383, STA 332, STA 259, STA 176, STA 94, and STA 54 to ensure 
detailed representation of the basin's topography. The peak discharge for the 100-year storm event 
was calculated to be 24.05 cubic feet per second (cfs). 

Channel velocities varied across the cross-sections, ranging from 0.76 feet per second at STA 94, 
the slowest point, to 1.81 feet per second at STA 332, where the velocity was highest. Water surface 
elevations (W.S. Elevations) exhibited variability as well, with the highest elevation recorded at STA 
383, reaching 3724.52 feet. The critical water surface elevation (Crit. W.S.) peaked at STA 259 with 
a value of 3720.76 feet, while the lowest critical elevation was observed at STA 54 at 3715.92 feet. 

The variability in channel velocities and water surface elevations reflects the influence of the basin's 
topography on flow dynamics. Slower velocities at flatter or wider sections and faster velocities in 
steeper or narrower areas underscore the importance of site-specific hydraulic considerations. The 
elevated water surface at STA 383 identifies this section as a critical area for potential flooding 
during peak flow conditions. Similarly, the high critical water surface elevation at STA 259 highlights 
its sensitivity to flow changes, making it another point of concern. 

These results suggest the need for targeted flood mitigation measures, such as structural 
reinforcements or flow diversion strategies, to manage peak flow events effectively and reduce the 
risk of flooding in Basin A's critical areas. 

 

Basin-B Hydraulic Results 

The hydraulic simulation for Basin B, encompassing a drainage area of 10 acres, was conducted 
using a manual approach based on the San Bernardino County (SBC) Hydrology Manual to evaluate 
flow dynamics and channel behavior. Six cross-sections were strategically identified along the flow 
path at station points STA 291, STA 246, STA 196, STA 120, STA 71, and STA 28 to ensure 
accurate representation of the basin’s topographic and hydraulic characteristics. The analysis 
yielded a peak discharge of 33.40 cubic feet per second (cfs) for the 100-year storm event. 

Channel velocities ranged from 1.45 feet per second at STA 120, the slowest section, to 2.15 feet 
per second at STA 28, the fastest section, reflecting variations in flow dynamics influenced by 
changes in the channel's geometry and slope. The highest water surface elevation (W.S. Elevation) 
was recorded at STA 291, reaching 3718.23 feet, while the critical water surface elevation (Crit. 
W.S.) was noted at STA 9, with a value of 3710.65 feet. 
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The results highlight the variability in flow conditions, with slower velocities observed in flatter or 
wider sections of the channel and faster velocities in steeper or narrower areas. The elevated water 
surface at STA 291 suggests a potential area of concern for high water levels during peak flow 
conditions, while the critical water surface elevation at STA 9 underscores the sensitivity of this 
location to changes in flow depth and velocity. 

These findings indicate the necessity for site-specific flood mitigation measures to address peak flow 
conditions effectively. Targeted interventions, such as structural reinforcements or slope 
modifications, may be required to mitigate flooding risks and manage flow dynamics along Basin B’s 
critical points. 
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5. Summary and Conclusion 

5.1. Hydrology 

Basin Hydrology 

Each basin was evaluated for the 100-year storm event, with the times of concentration (Tc) and 
peak flow rates calculated to assess their impact on the site’s drainage and flood risk. 

Basin-A:  
Covering 6.94 acres, Basin-A has a flow path of 979 feet and an elevation change of 29.70 feet. The 
recalculated Tc is 9.50 minutes, producing a peak flow rate of 24.05 cfs. It has a moderate elevation 
change, indicating swift runoff. 

Basin-B: 
The largest basin, covering 10 acres, with a flow path of 1,000 feet and an elevation difference of 
22.80 feet. Its Tc is 10.0 minutes, with a peak flow rate of 33.40 cfs. Larger runoff contribution, 
emphasizing the need for flood management. 

Off-site Hydrology 

The off-site hydrology was divided into two main sections: Off-A (off-site of Basin-A) and Off-B (off-
site of Basin-B), and their inflows were analyzed to understand the impact of external runoff on the 
site. 

Off-A: 
Covers 4.48 acres with a flow path of 593 feet and an elevation change of 14.60 feet. Its Tc is 8.0 
minutes, and its peak flow rate is 17.54 cfs, which flows into Basin-A of project-site. 

Off-B: 
Covers 7.89 acres with a flow path of 695 feet and an elevation change of 19.90 feet. Its Tc is 8.30 
minutes, with a peak flow rate of 30.09 cfs, contributing significantly to Basin-B. 
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On-site Hydrology 

For on-site hydrology, the contributions from both internal and external runoff were analyzed by 
subtracting off-site inflows from the total discharge of each basin. 

Basin-A: 
The total discharge was calculated as 33.40 cfs, with 17.54 cfs coming from Off-A, resulting in an 
on-site discharge of 6.51 cfs. 

 

Basin-B: 
The total discharge was 33.40 cfs, with 30.09 cfs from Off-B, leaving an on-site discharge of 3.30 
cfs. 

5.2. Hydraulics 

On-site Volume Mitigation 

Based on the San Bernardino County Hydrology Manual, the design runoff for the on-site portion is 
calculated using the Curve Number (CN) method. For this site, the 2-year, 24-hour rainfall depth is 
1.53 inches, and the 2-year, 1-hour rainfall depth is 0.474 inches, and the CN is 56. The soil storage 
capacity is 7.86 inches, with an initial abstraction of 1.57 inches. These values result in a calculated 
runoff volume of approximately 0.0001 acre-feet (3.46 cubic feet) under existing conditions. 

Design Capture Volume (DCV) 

According to the Phase 2 MS4 Permit and the Mojave River Watershed Technical Guidance for 
Water Quality Management Plans, the Design Capture Volume (DCV) was calculated for a site area 
of 189,050 square feet, assuming 90% impervious surface. Using a 24-hour, 85th percentile storm 
event, the DCV is 13,243.12 cubic feet for Industrial land use.  

HEC-RAS Results 

Basin-A 

The hydraulic simulation for Basin A, with a drainage area of 6.94 acres, indicated a peak discharge 
of 24.05 cfs for the 100-year storm event. Channel velocities ranged from 0.76 ft/s at STA 94 to 1.81 
ft/s at STA 332. Water surface elevations varied from 3716.01 feet at STA 54 to 3724.52 feet at STA 
383, with the highest critical water surface elevation at STA 259 at 3720.76 feet. These results 
highlight critical areas like STA 383 and STA 259 that may be vulnerable to flooding during peak flow 
events, suggesting the need for flood mitigation measures. 
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Basin-B 

For Basin B, covering 10 acres, the peak discharge was 33.40 cfs during the 100-year storm event. 
Channel velocities ranged from 1.45 ft/s at STA 120 to 2.15 ft/s at STA 28. Water surface elevations 
ranged from 3710.65 feet at STA 9 to 3718.23 feet at STA 291. The critical water surface elevation 
at STA 9 was 3710.65 feet. Similar to Basin A, critical areas like STA 291 and STA 9 require 
attention for potential flooding, indicating the need for targeted flood mitigation measures. 

The hydrologic and hydraulic analysis of the site reveals crucial insights for effective flood risk 
management and runoff control. Both Basin-A and Basin-B are significant contributors to runoff, 
with Basin-B being the largest in terms of flow rate. The analysis indicates that both on-site and off-
site contributions must be considered in flood mitigation strategies, especially as off-site inflows, 
such as those from Off-A and Off-B, also significantly affect the peak flows in the basins. The on-
site volume mitigation required, calculated to be 4.34 acre-feet, must be addressed with the 
recommended Design Capture Volume (DCV) of 13,243.12 cubic feet to ensure efficient runoff 
management and avoid potential flooding. 

Hydraulic simulations suggest that both basins have sections with critical water surface elevations 
that could lead to flooding during peak storm events. Specifically, Basin-A shows elevated water 
levels at STA 383 and STA 259, while Basin-B shows similar risks at STA 291. These results 
highlight the need for targeted flood mitigation measures such as structural reinforcements, slope 
modifications, or flow diversion to manage peak flow events and protect the site from potential 
flooding. The findings emphasize the importance of an integrated approach to hydrology and 
hydraulics in designing a sustainable drainage system for the site. 
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6. Recommendation 
Based on the hydrology and hydraulic conclusions, the results highlight specific areas of concern 
and necessary mitigation strategies to address both on-site and off-site stormwater challenges.  

To effectively manage stormwater runoff and reduce the flood risk in the area, it is recommended to 
install on-site stormwater mitigation measures, such as detention or retention basins, to capture and 
store runoff water, ensuring it meets the required Design Capture Volume (DCV). Upgrading the 
drainage systems, particularly in critical areas, will be essential to accommodate higher peak flow 
rates and prevent potential flooding. In addition, implementing green infrastructure solutions like 
permeable pavements, swales, and green roofs can help reduce runoff and promote water 
infiltration. Regular hydrological monitoring should also be set up to track water levels, flow rates, 
and stormwater behavior, offering early flood warnings and improving future resilience. 

The implications of these measures are significant. Without effective stormwater management, the 
site could experience considerable flooding, especially in areas with high peak flow rates. 
Addressing these concerns through both on-site and off-site solutions is vital to prevent future flood 
damage. Additionally, implementing green infrastructure will not only help reduce runoff but also 
contribute to long-term environmental sustainability. Finally, these measures are crucial for 
compliance with local regulations and ensuring public safety, preventing potential legal or financial 
issues down the line. 
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County designated Land Use Zoning Districts do not apply to Federal or State owned property.

Land Use Zoning Districts 
 

AG – Agriculture   CS – Service Commercial RC – Resource Conservation 
CG – General Commercial  FW – Floodway   RL – Rural Living 
CH – Highway Commercial  IC – Community Industrial RM – Multiple Residential 
CN – Neighborhood Commercial IN – Institutional   RS – Single Residential 
CO – Office Commercial  IR – Regional Industrial  SD – Special Development 
CR – Rural Commercial   OS – Open Space  SP – Specific Plan 

Jurisdictional Control data is for informational purposes only and is not part of the General Plan Land Use Zoning.  The 
depiction of the various land ownership categories is the best available information but cannot be guaranteed accurate.  
For current land ownership information please contact the San Bernardino County Assessor’s Office.  
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