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1 Introduction  

1.1 Project Overview   

The East Indio Employment Corridor Annexation Study (Project) is a focused planning study to analyze the potential 
annexation of approximately 4,609 acres of unincorporated County of Riverside land into the City of Indio’s (City) 
boundary. The Project Area is part of the City’s Eastern Sphere of Influence (SOI) that is located adjacent to the 
City’s eastern city boundary and envisioned for potential future annexation per the City’s General Plan.  The Project 
Area, as shown in Figure 1, is largely passive open space, with a limited amount of existing commercial development 
and resource extraction. The City envisions this area as a future employment hub with a mix of employment-
generating uses, such as a business park with light industrial and logistics, office, retail, in addition to workforce 
housing and open space, to support job creation and diversification, enhance services, and promote investment in 
the city. The City’s goal for the Project is to identify the portion of the Project Area for annexation through a series 
of supportive analyses and ongoing outreach and engagement with interested parties, as well as to prepare the 
required Riverside Local Agency Formation Commission (LAFCO) application to facilitate a request for annexation.   

1.2 Purpose of this Report  

Initial desktop opportunities and constraints analysis identified potential flooding hazards within the Project Area 
via satellite imagery and approximate data from the California Department of Water Resources (DWR). Therefore, 
an in-depth study of flooding conditions was needed to better understand actual flooding risks and their geographic 
distribution. This study characterizes existing flooding patterns and identifies potential flood hazard areas, or 
constraints, within the Project Area via hydrologic and hydraulic analyses. Assumptions, methodologies, results, and 
discussion of the planning-level hydrologic and hydraulic analyses are included in the report.  

1.3 Background 

The Project Area is located northeast of the City of Indio boundary between the Little San Bernardino Mountains 
and Indio Hills, where Project tributary flows originate. Storm flows travel through a variety of canyons, washes, and 
alluvial fan complexes before discharging into the valley which encompasses the Project Area. As water traverses 
the Project Area towards the Coachella Valley, flows are impeded by the East Side Dike (ESD), constructed and 
maintained by Coachella Valley Water District (CVWD). Currently Riverside County Flood Control & Water 
Conservation District (RCFCWCD) is responsible for regional drainage and for stormwater utilities within the Project 
Area. CVWD constructs, operates and maintains regional drainage facilities within the City of Indio. If annexation 
occurred, new facilities constructed would need to comply with CVWD standards.  
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2 Hydrology 
CVWD previously commissioned hydrologic studies of and beyond the Project Area for analysis related to the East 
Side Dike. Northwest Hydraulic Consultants (NHC) conducted the most recent study in the report titled “East Side 
Dike and North Indio Hydrology and Hydraulics”, dated February 27, 2015 (NHC report, Appendix A of this report). 
Dudek reviewed the NHC report and applied their findings, where appropriate, for use in this study. Section 2.1 
provides a summary of the applicable data from the NHC report. The NHC hydrologic results serve as a basis for 
additional hydrology determinations discussed in Section 2.2. These hydrology determinations are applied as inputs 
to the hydraulic model and hydraulic analysis discussed in Section 3.   

2.1 Previous Study Determinations 

In 2015, NHC produced a hydrology and hydraulics report for CVWD for their North Indio stormwater management 
plan. The study area consists of local drainage areas behind the ESD and watersheds that flow towards North Indio, 
ranging from Pushawalla Wash in the north to where I-10 enters the Little San Bernardino mountains in the 
southeast. It was determined by NHC that the previous hydrologic studies were dated and did not conform to 
CVWD’s standards. Additionally, there were no hydraulic studies detailing the water levels or extents of flooding. 
Therefore, the objective of NHC’s report was to certify the East Side Dike and identify flood hazards within the area.  

NHC used the U.S. Army Corps of Engineer’s (USACE) Hydrologic Engineering Center Hydrologic Modeling System 
(HEC-HMS) model to compute hydrographs. Watersheds were delineated and then broken into two areas of focus. 
Table 3-2 in NHC’s report provides the flows that contribute to the coarse-grid hydraulic model of the East Side 
Dike. While NHC’s Table 3-3 shows the flows that are a part of their fine-grid hydraulic model of the detailed study 
area. The HEC-HMS model is composed of a basin model, for the land surface rainfall-runoff, and storm scenarios 
of different storm centering scenarios for 100-year frequency and the standard project storm (SPS). Three storm 
centering scenarios were calculated and considered. These were categorized as an “Upper” storm zone, “Lower” 
storm zone, and an entire basin zone to simulate different rainfall distributions. For the coarse-grid ESD hydraulic 
model it was recommended that the 100-year whole basin hydrologic results be used. Whereas, for the fine-grid 
detailed study area the 100-year Upper zone results were recommended.  

Design flowrates for the 100-year storm are based upon the NHC report’s course grid model and CVWD-provided 
NHC hydrology model results. The extents of the NHC study include the Project Area. The flowrates from NHC’s 
report for the Project are presented in Table 1 of this report. 
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Table 1: NHC Peak Discharge 

Subbasin 100-year Peak Discharge (cfs) 
Dillon Road West 12,060 
Dillon Road East 6,940 

ESD 1 730 
ESD 2 11,110 
ESD 3 1,770 
ESD 4 1,450 

Valley Upper 9,9091 

 
1Discharge from “R-ValleyUpper” taken from HMS model 

2.2 Project Hydrology 

While NHC study considered the watershed tributary to and within the Project Area, the NHC hydraulic analysis 
focused on impacts and flooding surrounding to the East Side Dike, farther south (downstream) of the Project. To 
support the Project and estimate flows through the Project Area, Dudek delineated smaller tributary areas within 
the NHC subbasins (Dudek subbasins). Dudek delineated these subbasins to determine approximate discharges 
at canyon outlets and areas of interest upstream of the Project Area. The peak discharge for the subbasins were 
determined by calculating the area ratio, Dudek subbasin area divided by NHC subbasin area. This ratio was applied 
to NHC’s HEC-HMS result hydrograph values to create the Project hydrographs for each of Dudek’s subbasins for 
the 100-year storm.  

Hydrographs for 10-year and 2-year storms were not required for NHC’s analysis. Therefore, Dudek calculated a 
ratio to be multiplied to the 100-year values based on the United States Geological Survey (USGS) regression 
equations from “Methods for Determining Magnitude and Frequency of Floods in California.” The regression 
equations were developed to estimate flows associated with the percent annual exceedance probability based on 
geographic region. The project is located in Desert (Region 6) according to Table 5 in “Methods for Determining 
Magnitude and Frequency of Floods in California.” Dudek calculated the 10-year and 2-year storm ratios by dividing 
the respective storm’s regression coefficient by the 100-year regression coefficient. For this planning-level exercise, 
this is a reasonable approach to estimate smaller, more frequent hydrology results. The flowrates for the existing 
condition hydrology used in the hydraulic analyses are provided in Table 2 of this report. 
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Table 2: Existing Condition Peak Discharge 

NHC Subbasin Dudek Subbasin Peak Discharge (cfs) 

100-year 10-year 2-year 

Dillon Road West 
West Berdoo 2,857 320 22 
WBerdoo1 1,247 140 10 

Berdoo Canyon 7,956 890 61 

Dillon Road East 

Indio Canyon 3,336 373 26 
Local1 1,289 144 10 
Local2 1,274 143 10 
Local3 1,047 117 8 

ESD 1, ESD 2 Little Fargo Canyon 3,338 336 24 
Fargo Rockhouse 8,507 907 62 

ESD 3 

ESD3_1 157 18 1 
ESD3_2 358 40 3 

ESD3 1,096 123 8 
ESD3_4 164 18 2 

ESD 4 ESD4 1,450 162 11 
Valley Upper Valley Upper 9,909 1,109 76 
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3 Hydraulics 
Hydraulic analysis was performed using the Hydrologic Engineering Center River Analysis System (HEC-RAS) version 
6.6 developed by the US Army Corps of Engineers (USACE). An existing conditions model was created to understand 
how runoff flows through the Project Area. Modeling considered three modeling storm scenarios – the 100-, 10-, 
and 2-year storms.  

Because of the multiple inflow locations and alluvial nature of the wash, Dudek determined that a two-dimensional 
(2D) model would be used for hydraulic analysis. For reference, a one-dimensional (1D) analysis uses the shallow-
water equation approximations of the energy and momentum equations to calculate depth-averaged values for 
cross sections, assuming flow in a single direction (downstream, in the x-direction). A 2D model uses shallow-water 
equation approximations of the energy and momentum equations to calculate average depth values for each grid 
cell, allowing flow to travel in the x- or y-direction. In HEC-RAS there are three equation sets to choose from when 
running a 2D model which are: the Diffusion Wave equations; the Shallow Water equations, Eulerian-Lagrangian 
Method (SWE-ELM); and the Shallow Water equations, Eulerian Method (SWE-EM). Dudek ran the models using the 
Diffusion Wave equation set.  

Existing topography for the project area was downloaded from USGS with a 1-meter resolution. A 2D geometry was 
then created by overlaying a computation grid mesh over the terrain. A base geometry was created with a 
computation grid mesh composed of 100’ x 100’ grid cells. Refinement areas were added to the geometry with grid 
cells of 25’ x 25’. Additionally, breaklines were applied in the geometry along ridges or at critical points in the terrain 
to align grid cells in the direction of the flow. Roughness coefficients (Manning’s n-values) were applied to the grid 
cells within RAS Mapper, HEC-RAS’s internal GIS interface. An n-value of 0.050 was used across the model domain 
to remain consistent with NHC’s report and previous studies in the area. Hydraulic structures (i.e., culverts, bridges, 
etc.) were not considered.  

Inflow hydrographs described in Section 2 were input at the upstream boundary conditions. Three different 
scenarios were applied at the boundary conditions: the 100-year, 10-year and 2-year flowrates. The downstream 
boundary condition was set to normal depth with an approximated energy grade slope S = 0.0000 ft/ft. It is noted 
that even though the downstream boundary condition is included in the model, flow does not cross it during model 
simulation as flows are contained by the East Side Dike. 

Appendix B of this report provides graphical outputs of the hydraulic analyses. The following exhibits are included: 

 Model geometry extents and boundary conditions 
 Existing conditions maximum depth maps 

 Existing conditions maximum velocity maps 

 Existing conditions hazard maps.  
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4 Discussion 

4.1 Modeling Results 

The Project Area is within an alluvial valley at the confluence of multiple alluvial fans. The valley consists of a vast 
network of multi-threaded, braided channels. Observation and previous studies indicate that the area is highly 
geomorphologically dynamic, with sediment regularly deposited in alluvial fans, and low flow micro-channels 
regularly created and abandoned as sediment moves through the system. These phenomena are not fully captured 
by the preliminary hydraulic modeling performed with this study; the study’s hydraulic model references terrain data 
representing a single instance in time and uses a fixed bed (i.e., does not consider sediment transport, not a mobile 
bed model).  However, the analyses do provide valuable insights into flow patterns and general inundation extents. 
These results provide important context for consideration of the Project. From these initial studies, the storm 
patterns are consistent with flood patterns throughout the Coachella Valley and communities therein, and this area 
will need to mitigate flooding in similar fashion to safely develop. 

Due to the multiple tributary subbasins, hydraulic analyses show flows entering the Project Area from multiple 
locations across all modeled storm events (i.e., 100-year, 10-year, and 2-year). In general, all storm events show 
similar flooding patterns and inundation boundary shapes, with the 100-year results showing the largest inundation 
extent.  Due to the size of tributary watershed, the Project’s natural setting, location in a valley, and geomorphic 
context, modeling shows existing conditions flow patterns extend across much of the Project Area. Though flow 
extents are broad, flow depths across all modeled scenarios remain shallow, with the exception of the area adjacent 
to the East Side Dike. Table 3 below presents some general hydraulic outputs. These can be seen graphically in 
Appendix B of this report. 

Table 3: Typical Flow Depths 

Storm Event (-year) Typical Flow Depths (ft) 
100 <5 
10 <3 
2 <1.5 

In addition to standard inundation extent, maximum depth, and maximum velocity output exhibits, Dudek created 
hazard exhibits for the modeled storm events. The hazard classification follows methodology outlined in the 
Australian Institute for Disaster Resilience’s (AIDR) Handbook Collection, Flood Hazard, Guidelines 7-3 (Guideline 
7-3). This method uses hydraulic modeling results (maximum depth, maximum velocity) to quantify and classify 
flood hazard into six different hazard vulnerability classifications. These classification and associated vulnerability 
threshold classification limits are found in the AIRD’s Guideline 7-3 by that document’s Tables 1 and 2. An excerpt 
of this document and these tables are shown by Figure 2. These hazard maps (Appendix B) show that even though 
extents are wide across the Project Area, much of that area is of a low hazard classification (H1 or H2).  
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Figure 2: Excerpt from AIRD Guideline 7-3 for Hazard Classification 

4.2 Development Considerations 

Considering existing development throughout the Coachella Valley and flooding behavior as shown by the modeling 
results, it is reasonable to expect similar engineering solutions can modify flooding patterns to reduce inundation 
extents and accommodate future development. However, alterations to existing flow patterns must be considered 
in the context of the overall watershed and existing flooding conditions demonstrated in this study. Areas shown by 
the hazard results maps within the higher hazard vulnerability classifications (i.e., potentially H4, H5 and higher) 
should be avoided by built development (i.e., structures). While flood mitigation could occur in these areas, it would 
likely be cost prohibitive. Areas within lower hazard vulnerability classifications are more likely to accommodate 
built development with proper engineering and implementation of drainage control facilities and/or flood mitigation 
design features.  

As the Coachella Valley has developed, local governments and/or developers have worked in conjunction with flood 
control agencies to plan, design, and implement creative solutions to mitigate flooding risk. A commonly applied 
technique is implementation of levees or dikes to direct the majority of flows from the surrounding hillsides through 
a central channel system, either natural as a landscaped open space corridor or fully improved as a flood control 
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facility (i.e., channel). Another technique, often used in conjunction with the central channel system, is to require 
100% retention of onsite stormwater within developed property through specific project design components as the 
area develops. Retaining onsite stormwater ensures that existing downstream drainages and/or flood mitigation 
facilities are not exposed to increased flood risk after development. Because stormwater flows are retained, this 
technique lowers risk by reducing flow volumes and flow velocities. This technique is commonly applied by 
incorporating conveyance, retention, detention, and flood mitigation facilities into golf courses, parks, and walking 
paths. This creates multi-use facilities that not only meet infrastructure needs (i.e., flood mitigation) but also provide 
amenities for the public to enjoy. Some local examples of these multi-use facilities include:  

 the golf courses within Sun City Palm Desert, which allow flood conveyance to its golfing corridors to contain 
the offsite flows, conveyance through the community, and controlled outlet of stormwater offsite; 

 the golf course at The Quarry in southern La Quinta, which provides a full retention basin to protect the 
West Side Dike, PGA West communities, and Lake Cahuilla; 

 an upstream basin, overflow channel, and the golf course at Tradition in La Qunita, which provides 
detention and retention basins to protect the Cove communities of La Qunita as well as its downtown 
commercial areas; 

 linear and pocket parks throughout Indio, which provide flood conveyance and/or flood retention similar to 
those of the Esplanade community at the northwest corner of Jefferson Street and Fred Waring Drive and 
Paradiso and Sonora Wells communities north of Avenue 41. 

The majority of these facilities, while overseen by the jurisdictions during their design, are maintained by the 
individual communities to reduce the fiscal impact on their local municipalities. A similar agreement could be 
required for development within the annexation area as a permit condition. Moreover, because much of the Project 
Area includes alluvial fans, if annexed a combination of regional flood control and project-specific onsite stormwater 
retention strategies should be considered. 

Another important consideration for future development is ensuring protection of the East Side Dike (ESD). The ESD 
protects the Coachella Canal and vital irrigation water resources therein. It also protects much of the existing 
development within the Coachella Valley (i.e., Indio, Desert Palms, Coachella, etc.) from flooding originating from 
mountains and hills in the north and east.  As mentioned, the ESD is maintained by CVWD. If the area were annexed, 
CVWD would regulate any new regional drainage facilities within the Project Area. CVWD and the City of Indio would 
then require engineering design and analysis to demonstrate new development include appropriate flood mitigation 
infrastructure to protect the public improvements and existing regional facilities, such as the ESD.  

It is again noted that this study’s analyses were performed to a planning-level. Any future development will require 
detailed hydrological and hydraulic analyses and detailed designs prepared by trained professionals. If the area 
were annexed, all drainage and flood mitigation facilities must comply with City of Indio and CVWD standards and 
regulations.  
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During the 1977 storm, flood flows from Thousand Palms Canyon fan joined with those from Pushawalla 

fan and flowed southeast along the base of the Indio Hills, where they were joined by flows from the 

West Macomber Palms and Macomber Palms watersheds. It appears that some of the flood flows were 

directed by local topography to the north of (behind) the East Side Dike; other flow paths were towards 

the Talavera Development and to the south of that development.  

The sand dunes that lie near the western end of the East Side Dike and south of the West Macomber 

Palms fan (Figure 3‐2) may have affected flooding patterns in the detailed study area. The orientation of 

these features may have helped divert flows towards Indio Hills and behind the East Side Dike. However, 

it is difficult to determine if this occurred based on Figure 3‐5.  

No other significant historical floods have been documented in the project area (Exponent 2008).  

3.5.3	Historical	Changes	on	the	Fans	
Historical USGS maps (Table 3.1) were used to compare channel patterns on the fans in 1958 and 1981. 

No changes were evident on the maps. For the most part, the historical maps show stream channels 

from the Indio Hills that end a short distance into the Coachella Valley, indicating that channels have 

remained poorly defined on the alluvial fans in recent decades. It seems likely that the flooding 

processes observed on the 1977 air photos are the same as have occurred in the past and that similar 

flooding processes are likely to occur during future large floods, unless altered by development.  

3.5.4	Future	Flooding	on	the	Fans	
As discussed earlier, flood conveyance channels developed to protect SCPD will result in a different 

flooding pattern in the future than shown on Figure 3‐5. The Frances Way Channel will capture flows 

from Pushawalla Wash fan and direct them further north than shown in Figure 3‐5, increasing the 

potential for these flows to be directed behind the East Side Dike and thus reducing the potential for 

flood flows to enter North Indio.  

Future sediment deposition on the fans is not expected to change the above pattern of flooding. The 

area of the Pushawalla watershed is much larger than for the West Macomber Wash No. 1 and No. 2 

watersheds. Consequently, sedimentation rates on the Pushawalla alluvial fan are expected to outpace 

those of the West Macomber Wash alluvial fans to the south, maintaining the existing southeasterly 

flow direction.  

3.6	Study	Streams	and	Watersheds	

Watershed boundaries were defined from USGS digital elevation models (DEM) in Geo‐HMS and by 

inspection of LiDAR topography. The total watershed area that potentially drains to the East Side Dike 

and that contributes inflows to the coarse‐grid hydraulic model is 144 sq. mi (Tables 3‐2). This total 

includes the watersheds tributary to the alluvial fans, the fans and the valley floor behind the dike. 

Concentration points for the tributaries were placed near the heads of their fans. In Table 3‐2 these CP 

are described as “tributary”. The 14 concentration points for the tributaries are shown on Figure 5‐1.  



 

North Indio Study Area  19  February 27, 2015 
Hydrology and Hydraulics   

Table 3‐2 also includes four local contributing areas that were included in the hydrologic model to 

account for flows from the fans and valley bottom downstream of the tributary concentration points. 

The total local watershed area is about 7.7 sq mi, not including the local area on the fan of Pushawalla 

Wash included in CP6. Concentration points for these local areas are shown on Figure 5‐1. Chapter 4 

provides additional description.   

Table 3‐2: Watershed Areas for the East Side Dike Study Area  
 

 

 

 

 

 

 

 

 

 

 

 

 

1. “Tributary” refers to CP at the head of fans; “local” refers to CP for the fans and valley floor. 

Table 3‐3 summarizes the concentration points that were included as inflows to the fine‐grid hydraulic 

model. The concentration points used in the fine‐grid model were those at the head of the fans as well 

as two local inflows. The total watershed area for the inflows is 43.2 sq. mi. The tributary concentration 

points are shown on Figure 1‐2.  

Table 3‐3 also includes watershed areas measured in other studies or quoted in FEMA (2008). The areas 

from these other studies may not refer to the same concentration points as were used in this study; 

however, the areas are reasonably similar to this study.  Psomas and Associates (1990) quoted the 

watershed area for the Pushawalla watershed above the fan as 16 sq. mi. This incorrect area was also 

quoted in some other, older studies.   

 

Study Watershed 

(East Side Dike) 

Concentration 
Points 

CP Type 1  HEC‐HMS Area (sq 

mi) 

Talavera Upper  CP2  Tributary  1.75 

Pushawalla Outlet  CP6  Tributary + Local  32.10 

Hidden Palms  CP15  Local  2.53 

Macomber West 1  CP1  Tributary  1.03 

Macomber West 2  CP7  Tributary  1.27 

Talavera Local  CP16  Local  2.01 

Macomber Palms  CP3  Tributary  1.80 

Biskra Palms  CP4  Tributary  0.68 

Indio Hills West  CP5  Tributary  2.18 

Valley Upper  CP17  Local  1.78 

Indio Hills East  CP8  Tributary  2.58 

Valley Lower  CP18  Local  1.39 

Dillon Rd West  CP9  Tributary  36.00 

Dillon Rd East  CP10  Tributary  24.01 

ESD1  CP11  Tributary  1.36 

ESD2  CP12  Tributary  24.03 

ESD3  CP13  Tributary  4.25 

ESD4  CP14  Tributary  3.20 

TOTAL      144 
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Table 3‐3: Watershed Areas for the Detailed Study Area 

Study Watersheds 

(Detailed Model) 

NHC CP   Watershed Area (sq mi) 

This Study  Exponent 
(2008) 

FEMA (2008) 

Talavera Upper  CP2  1.75  ‐  ‐ 

Pushawalla Outlet  CP6  32.10  33.7  33.7 

Hidden Palms  CP15  2.53  ‐  ‐ 

Macomber West 1  CP1  1.03  1.4  2.9 1 

Macomber West 2  CP7  1.27  ‐  ‐ 

Talavera Local  CP16  2.01  ‐  ‐ 

Macomber Palms  CP3  1.80  ‐  2.0 

Biskra Palms  CP4  0.68  ‐  0.9 

TOTAL    38.6     
1. Does not identify whether the quoted area is for Watershed 1 or 2 or for both.  

3.7	Climate	and	Hydrology		

3.7.1	Climate		
The mountains surrounding the Coachella Valley help isolate it from Pacific maritime air masses, 

resulting in a subtropical desert with hot, dry summers and mild winters. Mean annual rainfall in the 

valley bottom is very low, averaging from 3 to 6 inches per year; it rises to about 17 inches in the upper 

Morongo watershed (Bechtel 1997).  Most precipitation falls in winter months, from November through 

March, but summer storms can also generate substantial depths of rainfall over short periods and are 

capable of producing large floods from small and moderate‐sized watersheds.  

Other than during and immediately after rainstorms, there is seldom flow in the streams or washes in 

the Coachella Valley. Floods are generally flashy, with short durations and sharp peaks. The floods also 

carry considerable quantities of debris, much of which is deposited on the fans formed along the 

margins of the valley.  

USACE (1980; also Bechtel 1997) described three types of storms that produce rain over the study area. 

They are:  1) general winter storms; 2) general summer storms; and 3) local thunderstorms. General 

winter storms occur from December to March, originate over the Pacific Ocean, and are associated with 

widespread rain and snow that lasts for several days. General summer storms typically occur from July 

to September and are often associated with the remnants of tropical storms or depressions originating 

in the Pacific Ocean south of Mexico. Heavy precipitation often occurs for about one day. The tropical 

storm that reached California in September 1939 resulted in significant flooding in the Coachella Valley.  

Thunderstorms occur throughout the year, either as part of general summer storms (e.g., the 1939 Indio 

Storm) or as separate events.  These storms cover small areas and have intense, short duration rainfall.  

3.7.2	Storms	and	Floods	near	North	Indio		
CVWD (1978) described the early history of floods and efforts at flood management in the Coachella 

Valley. They identified the 1916 storm and flood as one of the most significant in the 20th Century for the 
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Whitewater River (see also McGlashan and Ebert 1918). Subsequently, USACE (1980), Bechtel (1997), 

and Exponent (2002) described the significant storms and floods that occurred in the northern end of 

the Coachella Valley, including the Santa Rosa Mountains, over the past 70 or 80 years. The storm 

descriptions are based on studies prepared by Riverside County Flood Control and Water Conservation 

District (RCFCWCD), rain and stream gage records, and other information sources.  

NHC (2013a) compiled the information from the above sources for those storms that caused flooding on 

the northern side of the Coachella Valley. The most significant storms for the North Indio study area 

appear to have occurred on September 24, 1939, October 22, 1974; September 10 and 11, 1977 and 

March 1, 1991. Of these, the best documented one occurred in September 1977.  

3.7.3	The	September	1977	Storm	and	Floods		
Total rainfall and synoptic storm patterns are not available for this storm but there are some 

miscellaneous rainfall observations, as described in NHC (2013b). There are also reports of peak flows 

from streams in the study area during the flood. Exponent quotes a flow of 12,350 cfs (including a 

bulking factor of 1.13) from Pushawalla Canyon. This peak is about the same size as the 500‐year 

effective peak flow in FEMA (2008).  

3.8	Sediment	Yield	

As discussed in Chapter 2, sediment yield studies have not previously been prepared for the watersheds 

draining to the East Side Dike. Yields during the 100‐year and SPF inflows to the East Side Dike are 

needed to estimate the portion of the freeboard required to account for sediment storage.  

Event yields were estimated with the USACE (2000) Los Angeles Debris Method. This method was 

developed specifically for application in Southern California and it predicts event‐based sediment yields 

from watershed area, peak flow, and watershed parameters such as relief ratio and a Fire Factor. A Fire 

Factor of 3 was used in the calculations as recommended for desert watersheds in USACE (2000).The 

yield calculated from USACE (2000) equations is appropriate for the San Gabriel Mountains and it is 

adjusted to other areas in Southern California with an Area‐Transportation Factor. A factor of 0.5 was 

adopted for this study based on analyses included in Bechtel (1997).  

The yields from the local and tributary watersheds quoted in Table 3‐4 represent the volume of 

sediment that would be captured in a debris basin. Thus, they do not include the volume of fine 

sediment (silt, clay and possibly fine sand) that are carried through a typical debris basin in suspension.  

For the study watersheds, the calculated 100‐year sediment yields range from less than 2 ac‐ft to over 

200 ac‐ft. The calculated SPF sediment yields range from less than 3 ac‐ft to over 300 ac‐ft. The largest 

volumes of sediment are derived from the Pushawalla, Dillon Road West, Dillon Road East, and ESD2 

watersheds. The total yields to the East Side Dike for the 100‐year and SPF floods are equivalent to soil 

losses of about 0.01 and 0.015 feet (0.12 and 0.18 inches) during the storms, when averaged over the 

watershed area.  
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Table 3‐4: 100‐Year Flood and SPF Sediment Yields by Watershed (Whole Basin Storm Centering) 

Study Watershed  HEC‐HMS Area 

(sq mi) 

100‐yr Debris 

Yield (ac‐ft) 

SPF Debris Yield 
(ac‐ft) 

Talavera Upper  1.75  14  19 

Pushawalla Outlet  32.10  180  280 

Hidden Palms  2.53  16  24 

Macomber West 1  1.03  9  12 

Macomber West 2  1.27  11  16 

Talavera Local  2.01  13  19 

Macomber Palms  1.80  19  27 

Biskra Palms  0.68  12  16 

Indio Hills West  2.18  26  37 

Valley Upper  1.78  2  3 

Indio Hills East  2.58  36  47 

Valley Lower  1.39  2  3 

Dillon Rd West  36.00  209  340 

Dillon Rd East  24.01  123  192 

ESD1  1.36  8  12 

ESD2  24.03  170  254 

ESD3  4.25  33  52 

ESD4  3.20  24  37 

TOTAL  144  908  1,389 

  

The only independent estimate of sediment yield is the transport capacity estimate for the Pushawalla 

Wash fan for the 100‐year flood, prepared by SLA (2000). They estimated a yield of 87,000 cu. yd., which 

is equivalent to 54 ac‐ft. It is unknown if their yield includes volumes of silt and clay. The estimate in 

Table 3‐4 for the 100‐year flood for Pushawalla Wash is 180 ac‐ft, which is much greater than the 

capacity estimate by SLA (2000). It seems safe to assume that the yields in Table 3‐4 are conservative.  

3.9	Summary	

Reviews of geologic maps, inspections of air photographs, and reviews of previous studies all indicate 

that the northern part of the detailed study area – from Pushawalla Wash southwest to Biskra Palms 

Wash – consists of active, coalesced alluvial fans. Sand dunes directly south of West Macomber Palms 

Washes #1 and #2 may affect flooding patterns by diverting flows to the east, behind the East Side Dike. 

Inspection of the fans shows that the surfaces below the apices appear to be active, except the old 

Pushawalla Fan and the south side of the West Macomber #1 fan.  

The air photographs taken just after the September 1977 storm provide the best evidence of the 

patterns of flooding and areas of inundation on the fans in the detailed study area.  This storm seems to 

have resulted in extreme peak flows, which exceeded 100‐year peak flows. On the Pushawalla fan – the 

largest one in the detailed study area – floodwaters were carried in many distributary channels over the 
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fan surface rather than in a single or multiple eroded channels. Flows from Pushawalla Fan combined 

with floodwaters from Thousand Palms Canyon Fan and the West Macomber Palms fans and flowed 

southeast with some floodwaters ending up behind the East Side Dike.  

Modifications to the surface of Pushawalla Fan, primarily by construction of SCPD and the Frances Way 

stormwater channel will modify future flooding patterns. The general impression is that the Frances 

Way channel will direct future floods more to the north and east, away from North Indio.  

When modeling the passage of floods from the concentration points on the fans towards North Indio, it 

seems important to use a model that will reproduce the patterns of inundation described above and 

also correctly calculate the modifications to the inflow hydrographs that result from sheet flow, multiple 

channels and other conditions that alter the timing of flows. This will be considered further when 

discussing the hydraulic model adopted for analysis (Chapter 5).   
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4.	Hydrologic	Analysis		

4.1	Introduction		

The purpose of this chapter is to describe the new HEC‐HMS model developed for the North Indio study 

area. The calculated peak flows and hydrographs at the model outlets or concentration points will be 

the inputs to the two hydraulic models described in Chapters 5 and 6, which are used to convey floods 

to the East Side Dike and into North Indio.  

The U.S. Army Corps of Engineers’ HEC‐HMS model was used to simulate basin hydrologic response and 

to compute hydrographs for input to the hydraulic model. The HEC‐HMS model consists of a basin 

model, representing the land surface rainfall‐runoff response and flow routing, and meteorological 

models (or storm scenarios) representing alternative centerings for a 100‐year frequency storm and 

standard project storm (SPS) based on Coachella Valley Water District (CVWD) guidelines. The modeling 

approach generally follows the Riverside County Flood Control and Water Conservation District 

Hydrology Manual (RCHM) procedures, with updates where appropriate (RCFCWCD 1978). 

4.2	CVWD	Standards	and	Policies	

CVWD standards and policies for hydrologic studies are contained in Ordinance 1234.1, the CVWD 

Development Design Manual (CVWD 2014 or latest edition), and other publications. The CVWD design 

standards for the North Indio study are the 100‐year storm/100‐year flood and the Standard Project 

Storm/Standard Project Flood. The standards and policies applicable to this project are:  

 100‐year rainfall depths will be from NOAA Atlas 14 

 Depth Area Reduction Factors (DARF) presented in USACE (1980) or Bechtel (1997) will be 

applied to watersheds with areas greater than 10 square miles. For smaller watersheds, the 

DARF will be 1.0  

 CVWD recommends HEC‐HMS for rainfall‐runoff modeling 

 CVWD recommends constructing a synthetic storm from 100‐year rainfall depths at durations 

ranging from 5 minutes to 6 hours 

 CVWD recommends the Whitewater River dimensionless s‐graph (USACE 1980) for determining 

basin‐specific unit hydrographs 

General advice on hydrologic loss rates is provided in Appendix K‐5 to the Development Design Manual. 

As discussed below, this project has followed procedures in the Riverside County Flood Control and 

Water Conservation District Hydrology Manual (RCFCWCD 1978) for establishing loss rates.  

4.3	The	Hydrologic	Study	Area	

The area that contributes flow to the East Side Dike encompasses 144 square miles of the Coachella 

Valley and surrounding hills and mountains, north and southeast of North Indio. Section 3.6 described 

the basin areas for the concentration points for the tributaries and the local drainage and identified the 
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basin areas and concentration points that were used as inflows to the East Side Dike (coarse grid) 

hydraulic model and as inflows to the fine grid (Talavera) hydraulic model that examined potential 

flooding in North Indio through the gap between SCPD and the west end of the East Side Dike.   

4.4	Study	Area	Basin	Model	

The HEC‐HMS basin model consists of the subbasin and channel layout, as well as rainfall‐runoff, 

subbasin routing, and channel routing parameters. This model uses an initial and constant loss method 

for determination of precipitation excess, the Whitewater s‐graph unit hydrograph transform for 

subbasin routing, and Muskingum channel routing. Model parameters were estimated using standard 

approaches and best available data but could not be verified as there are no records in the basin 

suitable for model calibration. 

4.4.1	Subbasin	Delineation	
Basin boundaries were defined from a composite digital elevation model (DEM) consisting of LiDAR data 

originally collected for FEMA floodplain mapping and the USGS 10‐meter DEM for areas beyond the 

LiDAR extents.  Figure 4‐1 illustrates the subbasin layout used in the model; drainage areas to the 

concentration points (Figure 5‐1) were summarized in Tables 3‐2 and 3‐3.  

Bechtel modeled this area as part of a 1991 study. The NHC hydrologic study area corresponds with 

Bechtel’s Dike Reach A, consisting of their Basins 1, 2, and 3a (Figure 4‐2). For comparison, we 

georeferenced and digitized Bechtel’s Figure 1 into GIS. Our outer boundary agrees quite well with the 

Bechtel study area except at the west end of the model. This study used detailed LiDAR topography, 

which was not available for the earlier study, to delineate drainage basins in this area.  

The other significant discrepancy is in the Upper Pushawalla Canyon area. The Bechtel study included 

this area in Basin 2, draining to the dike east of the Indio Hills, rather than connecting to the Lower 

Pushawalla Canyon. The available topography is much better for this study, but some uncertainty 

remains in the boundary between our Pushawalla Middle and West Berdoo subbasins as the valley is 

very flat. The Bechtel report computed 121 square miles draining to reach A of the East Side Dike. The 

GIS‐computed area from the digitized version of the Bechtel basins is 131 square miles. The NHC 

combined study area is 144 square miles. 

4.4.2	Subbasin	Parameters	

Loss	Rates	
Constant loss rates for each subbasin were estimated from the hydrologic soil group and land cover. 

Basin‐specific calibration would be preferable to verify loss rates, but in the absence of calibration data, 

rates were selected based on procedures described in the RCHM. Soils data were obtained from the 

NRCS SSURGO (detailed soil survey) and STATSGO (regional soil groups) datasets, covering the Coachella 

Valley and State of California, respectively. The hydrologic soil group (HSG) for each SSURGO mapping 

unit was taken from the aggregated attributes table of the SSURGO database.  
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Figure 4-1. HEC-HMS Model Layout
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Figure 4-2. East Side Dike Drainage Area Comparison
Talavera/East Side Dike nhc

Data Sources:  ArcGIS Online Basemaps, 2013.
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