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EXTENSION OF PUBLIC COMMENT PERIOD UNTIL 
FEBRUARY 5, 2010 FOR NOTICE OF AVAILABILITY FOR AN 

ENVIRONMENTAL IMPACT REPORT  
 
Date: January 6, 2009 
To:  Agencies, Organizations, and Interested Parties 
Project Title: RIVERSIDE NORTH AQUIFER STORAGE AND RECOVERY PROJECT 
 
Please be advised that the comment period for the Expanded Notice of Preparation originally dated 
October 27, 2009 and amended on December 1, 2009 has been extended by 30 days to February 5, 
2010.   
 
Your response should be sent at your earliest convenience, but no later than February 5, 2010.  Please 
send your written comments to the following address: 
 

Mr. Max Rasouli 
City of Riverside Public Utilities Department 

3901 Orange Street 
Riverside, CA 92501 

Phone (951) 826-5574 
 

Email: MRasouli@riversideca.gov 
 
Copies of the original Notice of Preparation distributed on October 27, 2009 are located at the following 
web address: 
http://www.riversideca.gov/utilities/pdf/water/2009/Final%20Expanded%20NOPr.pdf 
 
The purpose of this notice is to advise and solicit comments and suggestions specific to the project 
description amendments herein regarding the preparation of the EIR, environmental issues to be 
addressed in the EIR, and any related issues, from interested parties other than potential Responsible 
Agencies, including interested or affected members of the public. The City requests that any Responsible 
or Trustee Agency responding to this notice respond in a manner consistent with CEQA Guidelines 
Section 15082(b). We request that your agency review and submit written comments on the scope and 
content of the environmental information provided in the amended Notice of Preparation, as relevant to 
your agency’s statutory responsibilities in connection with the proposed project.  You need not resubmit 
or restate previously provided NOP comments. Please note that, for any identified potential 
environmental impacts, your agency is requested to provide recommended alternatives, mitigation 
measure(s) and associated monitoring requirements, if any.   
 
Sincerely, 
 
 
     
Max Rasouli 
Water Resources Manager 
City of Riverside  
Public Utilities Department 
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City of Riverside October 27, 2009 

                                                                                                                       
                                                                                                    

 
AMENDED  

NOTICE OF PREPARATION 
 
Date: December 1, 2009 
To:  Agencies, Organizations, and Interested Parties 
Project Title: Riverside North Aquifer Storage and Recovery Project 
Lead Agency: City of Riverside Public Utilities Department 
Address: 3901 Orange Street, Riverside, California, 92501 
City Contact: Max Rasouli  Phone:  (951) 826-5574 
 
The City of Riverside (Riverside) has determined that an Environmental Impact Report (EIR) is 
necessary for the Riverside North Aquifer Storage and Recovery (ASR) Project (the “Project”) 
located in the City of Colton.  Riverside is the Lead Agency for the Project and will prepare the 
EIR under the terms and requirements of the California Environmental Quality Act (CEQA) and 
the implementing Guidelines of the California Environmental Quality Act (“Guidelines”).  In 
addition, the City of Colton (Colton) is considered a responsible agency due to the location of 
the Project.   
 
The purpose of this notice is: 1) to amend the previous Notice of Preparation (NOP) as 
distributed October 27, 2009, to potential Responsible Agencies as required by Section 15082 
of the CEQA Guidelines (see “Project Modifications” discussion on next page); and 2) to advise 
and solicit comments and suggestions specific to the project description amendments herein 
regarding the preparation of the EIR, environmental issues to be addressed in the EIR, and any 
related issues, from interested parties other than potential Responsible Agencies, including 
interested or affected members of the public. The City requests that any Responsible or Trustee 
Agency responding to this notice respond in a manner consistent with CEQA Guidelines Section 
15082(b). We request that your agency review and submit written comments on the scope and 
content of the environmental information provided in the amended Notice of Preparation, as 
relevant to your agency’s statutory responsibilities in connection with the proposed project.  You 
need not resubmit or restate previously provided NOP comments. Please note that, for any 
identified potential environmental impacts, your agency is requested to provide recommended 
alternatives, mitigation measure(s) and associated monitoring requirements, if any.   
 
30-DAY AMENDED NOP REVIEW PERIOD: In accordance with CEQA and City procedures, 
your agency is requested to provide a written response to this amended NOP within the 30-day 
NOP review period between December 7, 2009 and January 7, 2010. The City will 
incorporate relevant issues and information into the Draft EIR as identified in the NOP and 
amended NOP responses throughout the EIR process. Please note that the content and 
timeliness of your NOP comments may limit your ability to challenge the EIR. Please indicate a 
contact person in your response and send your response to the following: 
 

Mr. Max Rasouli 
City of Riverside Public Utilities Department 

3901 Orange Street 
Riverside, CA 92501 

Phone (951) 826-5574 
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I. PROJECT DESCRIPTION 
The Riverside North Aquifer Storage and Recovery (ASR) Project is located in the southern 
portion of the City of Colton, south of the Interstate 10 and East M Street, west of the Interstate 
215 and adjacent to the Santa Ana River.  The project proponents include the City of Riverside, 
San Bernardino Valley Municipal Water District (SBVMWD), Western Municipal Water District 
(WMWD), and the City of Colton.  The Project is designed as a conjunctive use project, which 
includes the construction of groundwater recharge facilities (inflatable rubber dam, groundwater 
recharge basins, and conveyance pipelines), a community park (includes passive recreational 
trails, water features, and a pedestrian bridge over the Santa Ana River), and needed 
infrastructure improvements such as the realignment of Fogg Street, provision of a 32-foot wide 
utility corridor across the Santa Ana River (contained within the rubber dam footprint), and 
reservation of right of way for an eventual railroad line re-alignment.     
 
The Project’s intended purpose includes construction/expansion of infrastructure within the 
Project area, development of recreational facilities on the portion of the Project owned by 
Colton, improvement of groundwater quality within the Riverside and Colton groundwater 
basins, and the creation of additional groundwater recharge basins along the Santa Ana River.  
Additional information about the project can be found at the following web address:  
http://www.riversideca.gov/utilities/water-nasr.asp  Copies of the original Notice of 
Preparation distributed on October 27, 2009 are located at the following web address: 
http://www.riversideca.gov/utilities/pdf/water/2009/Final%20Expanded%20NOPr.pdf 
 
II. PROJECT MODIFICATIONS PROPOSED 
 
Off-Stream Recharge Component 
The original Notice of Preparation identified up to 24 acres of groundwater recharge basins 
within the off-stream portion of the project.  These basins have been expanded by 
approximately 4 acres, utilizing the proposed railroad ROW (refer to Exhibit 1, Project 
Modifications).  This expansion would occur if either the railroad operator opts out of using this 
area, or plans for re-alignment are delayed for several years.  This increase in basin area would 
allow an additional 300 to 1,500 acre-feet per year1 of water to be available to replenish the 
Colton/ Riverside groundwater basin over what was previously stated.   
 
Fogg Street ROW 
As previously identified in the Notice of Preparation, Fogg Street is proposed for realignment 
through the project area.  As depicted in Exhibit 1, Project Modifications, the previous exhibit did 
not identify the Fogg Street extension across the existing railroad tracks and connecting to Fogg 
Street at the intersection of 8th Street.  This modification has been clarified in Exhibit 1. 
 
Public Meeting:  
A public meeting will be held on Tuesday, December 22, 2009 from 1:30 to 2:30 pm at the City 
of Riverside Public Utilities Department, 3901 Orange Street, Riverside, CA 92501.  Should you 
have any questions or comments regarding this Amended Notice of Preparation, please contact 
Max Rasouli, Water Resources Manager at (951) 826-5574. 

                                                           
1 Dependant on hydrologic conditions within the river and amount of rainfall within a given year. 
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NOTICE OF PREPARATION 
 
 
 

Riverside North Aquifer Storage and Recovery Project 
 
 
 
 
 

LEAD AGENCY: 
 

City of Riverside 
Public Utilities Department 

3901 Orange Street  
Riverside, CA 92501 

 
Contact:  Max Rasouli, Water Resources Manager 

(951) 826-5574 
 
 

RESPONSIBLE AGENCY: 
 

City of Colton 
650 N. La Cadena Drive 

Colton, CA 92324 
 

Contact:  Mark Nuaimi, Assistant City Manager 
(909) 370-5051 

 
 
 

Consultant: 
 

 
RBF Consulting 

3300 East Guasti Road, Suite 100 
Ontario, CA 91761 

 
 

October 27, 2009 
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I. PROJECT LOCATION AND SETTING 
The proposed Project is located in the southern portion of the City of Colton; refer to Exhibit 1, 
Regional Location Map, and north of the City of Grand Terrace.  The Project site is located 
south of the Interstate 10 and East M Street, west of the Interstate 215 and Santa Ana River, 
and east of the Union Pacific Railroad right-of-way.  The Project abuts the Santa Ana River as it 
trends south and bends westward through this part of the watershed.  The Project site is 
currently surrounded by undeveloped properties to the north and west and the Cooley Ranch 
Planned Development to the east (on the east side of the Santa Ana River); refer to Exhibit 2, 
Project Vicinity Map.   
 
Roadways providing vehicular access to the Project site include East Congress Street, South 
Fogg Street, and Mt. Vernon Avenue.  Currently, the Project site consists of vacant land with 
several dirt roads crossing the Project site and several water wells owned and operated by the 
City of Riverside Public Utilities Department.  In addition, a Southern California Edison 
Substation is located to the northeast of the Project area.  Electrical transmission tower 
easements associated with this facility traverse the Project area and surrounding properties in a 
north-south direction. 
 
II. BACKGROUND AND HISTORY 
In March of 1992, the City of San Bernardino, Orange County Water District, San Bernardino 
Valley Municipal Water District, and Western Municipal Water District agreed to conduct a study 
to develop conjunctive-use alternatives for integrating the management of imported water, 
recycled water, and stormwater for water users that have access to groundwater in the 
Riverside and Colton groundwater basins1.  In July of 2001, Project Agreement 16 – Riverside/ 
Colton Water Resources Management Task Force prepared a reconnaissance-level 
investigation of the Riverside/Colton Basins Water Resources Management Program.  This 
document outlined the four proposed alternatives from the Plan initiated in 1992, the current 
conditions of the Riverside/Colton Basins, new project alternatives based on current conditions, 
and a recommended implementation strategy to achieve these alternatives.   
 
As a result of these previous studies and current environmental and economic factors, 
Riverside, San Bernardino Valley Municipal Water District, Western Municipal Water District, 
and Colton, have embarked on implementation of a project that meets the purpose and intent of 
one of the alternatives originally conceived in the Project Agreement 16 study. 
 
III. PROJECT CHARACTERISTICS 
The Riverside North Aquifer Storage and Recovery Project is an endeavor by Riverside and its 
Project partners, San Bernardino Valley Municipal Water District (SBVMWD), Western 
Municipal Water District (WMWD), and the City of Colton.  The Project is designed as a 
conjunctive use project, which includes the construction of groundwater recharge facilities 
(inflatable rubber dam, groundwater recharge basins, and conveyance pipelines), a community 
park (includes passive recreational trails, water features, and a pedestrian bridge over the 
Santa Ana River), and needed infrastructure improvements such as the realignment of Fogg 
Street, provision of a 32-foot wide utility corridor across the Santa Ana River (contained within 
the rubber dam footprint), and reservation of right of way for an eventual railroad line re-
alignment     
 

                                                           
1 Project Agreement 16, Riverside/ Colton Water Resources Management Task Force 
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Riverside, WMWD and SBVMWD are all parties to the lawsuit entitled Western Municipal Water 
District et al. vs. East San Bernardino County Water District et al. [Riverside County Superior 
Court No. 784726, April 17, 1969 (the “1969 Western Judgment”)]. The 1969 Western Judgment 
sets forth a declaration of rights of the water users and other entities in the Lower Area of the 
Santa Ana River Basin downstream of Prado Dam against those in the Upper Area of the Santa 
Ana River that are tributary to Prado Dam.  The 1969 Western Judgment provided a physical 
solution to satisfy those rights.  Under the 1969 Western Judgment, WMWD and SBVMWD are 
obligated to recharge the Riverside Basin based on certain parameters.  This proposed Project 
improves the ability of WMWD and SBVMWD to better meet that obligation.  
 
The Project’s intended purpose includes construction/expansion of infrastructure within the 
Project area, development of recreational facilities on the portion of the Project owned by 
Colton, improvement of groundwater quality within the Riverside and Colton groundwater 
basins, and the creation of additional groundwater recharge basins along the Santa Ana River.  
The proposed location is ideal due to the water quality conditions within this reach of the Santa 
Ana River and lack of wastewater effluent discharge upstream of this location.  Further 
downstream, several wastewater treatment plants discharge into the river, which affects 
groundwater recharge viability.   
 
The Project proposes to accomplish these objectives by providing the availability of three 
potential sources of recharge water: State Water Project (“SWP”) water2, Santa Ana River storm 
flows, and the Riverside Canal.  The proposed Project would also replenish groundwater in 
close proximity to the recently completed City of Colton Wells 30 and 31, Riverside Highland 
Water Company wells located east of the river, and Riverside’s flume wells, which will convey 
supply directly to the John W. North Water Treatment Plant.  Finally, groundwater quality would 
be improved through the impoundment and recharge of better quality Santa Ana River storm 
water.   
 
As described above, the proposed Project is characterized by three main components that will 
be developed as part of Project implementation; refer to Exhibit 3, Proposed Project Limits.  The 
following are descriptions of these components: 
 
In-Stream Recharge Component 
The “In-Stream” Recharge Component is the portion of the proposed Project that will be 
constructed within the Santa Ana River channel.  This component will provide opportunities for 
groundwater recharge to occur within the Santa Ana River channel as water is impounded 
behind an inflatable dam.  To accomplish this, the Project proposes the construction of an 
inflatable dam across the Santa Ana River channel, which can be raised and lowered 
depending on the amount of water flowing down the river.  Current Project concepts indicate 
that the proposed dam would span approximately 700 feet across the Santa Ana River and dam 
height is expected to be between six (6) and ten (10) feet.  For planning purposes, the area 
anticipated to be covered by water impounded behind the inflatable dam is approximately 
twenty (20) to twenty-five (25) acres.  This impoundment area is expected to allow for between 
5,000 and 9,000 acre-feet per year3 of groundwater recharge, from the Santa Ana River.  The 
installation of the inflatable dam on the Santa Ana River will take approximately two to three 
years including design, manufacturing, and construction.  
 
In addition to construction of the inflatable dam, other improvements will be required as part of 
the In-Stream Recharge Component, including the following: 
                                                           
2 At this time the City of Riverside is not proposing recharge of State Water Project water. 
3 Dependant on hydrologic conditions within the river and amount of rainfall within a given year. 
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 Removal/Reconstruction of approximately 100 lineal feet (LF) of new levees downstream 

of the proposed dam location; 
 

 Modification of approximately 2,400 LF of U.S. Army Corps of Engineers levees 
upstream of the proposed dam location; 

 
 Construction of a water diversion structure through the west levees north of the 

proposed recharge basins; and 
 

 Miscellaneous rip-rap/energy-dissipater devices downstream of the proposed dam 
location to reduce the potential for erosion at the base of the dam structure.  For 
planning purposes, the Project assumes approximately 100 feet downstream of the 
proposed dam structure will be required to accommodate these materials/devices.  

 
Off-Stream Recharge Component 
As proposed, the Project would construct groundwater recharge basins on the west side of the 
river, behind the existing levees currently forming the river’s western edge.  When the proposed 
dam is fully inflated, the water impounded behind the dam would be diverted into the proposed 
off-stream recharge basins.  These basins are estimated to recharge between 1,000 and 6,000 
acre-feet per year4 of water (approximately six (6) months out of the year) to replenish the 
groundwater aquifer within the Colton/ Riverside groundwater basin.  The preliminary design of 
the groundwater recharge basins involves up to eight (8) individual recharge basins arranged 
sequentially encompassing approximately twenty-four (24) acres.  It is anticipated that the 
depths of these basins will range from six (6) to eleven (11) feet and be connected in series with 
pipes and gate structures.   
 
To ensure that the basins do not overflow and impact adjacent areas, an outlet in the 
southernmost basin would connect back into the Santa Ana River, allowing conveyance of 
overflow water back into the river.  Implementation of this component will require the 
construction of a diversion structure and de-silting basin that connects the recharge basins to 
the area behind the dam.  The diversion structure will require modification to the levees north of 
the proposed basin area, which is discussed in the In-Stream Recharge component discussion 
above.  
 
Other Project Components 
 
State Water Project Pipeline 
The State Water Project component of the proposed Project includes the construction of 
conveyance facilities (24-inch diameter pipeline, pumps, and valves) to connect the proposed 
groundwater recharge basins to the State Water Project turnout located on the east bank of the 
river channel, south of the Union Pacific Railroad right-of-way.  Exhibit 3, Proposed Project 
Limits, identifies a preliminary alignment option for this Project component.  It is anticipated that 
this Project component would cross the river below the inflatable dam location, or another 
suitable location depending on feasibility.  In addition, a hydro-generating facility may be 
installed as part of these improvements, if deemed economically beneficial.  For purposes of 
this EIR, this pipeline alignment has been included; however Riverside is not proposing to use 
State Water Project water for recharge purposes at this time.     
  

                                                           
4 Dependant on hydrologic conditions within the river and amount of rainfall within a given year. 
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Utility Crossing  
As part of the dam construction, the Project would include the construction of a 32 foot wide 
utility corridor that could accommodate utility lines across the Santa Ana River.  At this time this 
corridor is anticipated to be co-located within the footprint of the inflatable dam and 
improvements. The purpose of this corridor is to provide an area for additional wet and dry 
utilities to cross the river and provide redundant utility connections in this part of Colton.    
 
Passive Recreation Park Facility 
A new passive recreational park is proposed on land owned by the City of Colton in the vicinity 
of the recharge basins west of the East Fogg Street extension. This facility will include hiking 
trails, a fishing pond, open space areas, and amenities such as small picnic shelters and fishing 
walks, etc.  In addition, a pedestrian bridge is proposed to connect this park area with the Santa 
Ana River trail on the east side of the Santa Ana River.  It is anticipated that this bridge would 
cross the river above the inflatable dam location, or another suitable location depending on 
feasibility. 
 
At a later date, Colton may construct a park that contains active facilities, such as ball fields, 
athletic courts, and amenities that would be commensurate with a regional park facility.  The 
development of a facility of this type would be analyzed under a separate environmental 
document.   
 
East Fogg Street Extension and Conceptual Railroad ROW 
The final component of the proposed Project is the extension of Fogg Street and potential 
railroad right-of-way (ROW) realignment along the western side of the proposed basins.  The 
Fogg Street extension would connect the existing terminus of Fogg Street with East Congress 
Street, just north of the proposed basins where East Congress Street curves to the north.  In 
addition, the Project is also allocating additional land for a potential re-alignment of an existing 
railroad ROW just west of the Project site.  Environmental impacts associated with the re-
alignment of this existing railroad ROW will be analyzed in a separate environmental document 
at a later date.  A depiction of the proposed Fogg Street re-alignment and conceptual railroad 
ROW is provided in Exhibit 3, Proposed Project Limits.    
  
IV. AGREEMENTS, PERMITS, AND APPROVALS 
Riverside is the Lead Agency for the proposed Project and has discretionary authority over the 
Project.  To implement this Project, the following agreements, permits, and approvals are 
anticipated: 
 
Anticipated Agreements, Permits, and Approvals Granting Agency 
• Environmental Impact Report (EIR) Certification City of Riverside 
• Encroachment Permit San Bernardino County Flood 

Control District 
• Approval to Modify Levees and Grade Stabilizer 
• Discharge of Dredge or Fill Material into Water 

(Section 404 Permit) 
• Air Quality Conformity Determination 

U.S. Army Corps of Engineers 

• Water Rights Permit 
• Temporary Urgency Permit 

State Water Resources Control 
Board 

• Section 1600 Streambed Alteration Agreement California Department of Fish and 
Game 

• Endangered Species Act (ESA) Compliance United States Fish and Wildlife 
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Anticipated Agreements, Permits, and Approvals Granting Agency 
Service 

• NPDES Permit 
• Clean Water Act Section 401 Water Quality 

Certification 

Santa Ana Regional Water Quality 
Control Board 

• Construction/ Encroachment Permits                      
(beyond City of Riverside property) 

• Passive Park Construction (future) 
• Pedestrian Bridge across Santa Ana River (future) 

City of Colton 

• Potential Future Railroad Re-Alignment (future) California Public Utilities Commission 
and Union Pacific Railroad 

 
In addition, since the subject properties are located within the City of Colton, in accordance with 
Section 15096 of the California Environmental Quality Act Guidelines, Colton is considered a 
Responsible Agency.   
 
V. POTENTIAL ENVIRONMENTAL EFFECTS OF THE PROJECT 
Based upon review of available information, Riverside has determined that the Project may 
have significant environmental effects and, therefore, has initiated the preparation of a Project 
EIR. This EIR will address potentially significant Project-related impacts, based upon written 
responses to the NOP, public and agency comments on the NOP, public scoping meeting 
comments, consultation with potentially affected agencies, results of various technical studies, 
and research conducted throughout the EIR process.  The following discussions of potential 
environmental effects represent a preliminary summary of potential impacts that may be 
modified during the course of the EIR preparation. 
 
Air Quality: The existing conditions portion of this section will provide a discussion on the 
current status of the California Clean Air Act and relevant air quality planning programs.  
Existing pollutant data will be obtained from the nearest monitoring station(s).  This data will be 
summarized in a table indicating days exceeding State and Federal Standards for monitored 
pollutants.  The various types of pollutants monitored at the station will also be described and 
sensitive receptors in the vicinity of the Project site (i.e., residences, schools, playgrounds, 
childcare centers, hospitals, convalescent homes, and retirement homes) will be identified.  The 
analysis will specifically address air pollutants for which the Basin is in non-attainment; these 
include ozone (O3) and particulate matter (PM10 and PM2.5). 
 
The analysis within the EIR will provide discussion of potential Project impacts upon climate and 
air quality, addressing temporary construction emissions and long-term emissions from Project 
operations associated with maintenance activities and energy consumption.  Short-term air 
quality impacts will be discussed focusing on dust generation, construction vehicle emissions, 
and possible odors.  Short-term impact analysis will focus on CO, VOCs, NOx, SOx, and PM10 
emissions.  In addition, Project consistency will be evaluated based upon local and regional 
planning programs.  Based on the Air Quality Management District (AQMD) and City criteria, the 
EIR will model construction-related dust and vehicle emissions and long-term operational 
emissions using URBEMIS and EMFAC.  A Carbon Monoxide (CO) hotspot analysis will be 
provided, if warranted.  The EIR will also provide estimated projections of annual greenhouse 
gas emissions resulting from development of the Project site, and will provide a qualitative 
discussion of the proposed Project’s impacts relative to global warming and climate change. 
The EIR will recommend mitigation measures as appropriate to reduce construction and 
operational impacts to the extent feasible.  
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Biological Resources:  The EIR will address potential impacts to biological resources, 
including special status species, such as the Southwestern Willow Flycatcher, Santa Ana River 
Wooly Star, and the Santa Ana Sucker (all of which may be present onsite).  The potential for 
sensitive habitats will also be evaluated.  A jurisdictional delineation was performed within the 
Project site, which identifies the portions of the site under Federal and State regulatory agency 
authority.  The proposed Project may impact between one and two acres of land under the 
jurisdiction of the U.S. Army Corps of Engineers (ACOE) and/or California Department of Fish 
and Game.  Further discussion and analysis of the jurisdictional impacts associated with the 
Project will be provided in the EIR.  The EIR will include information from the City of Colton 
General Plan as well as technical documentation prepared for this Project.  The EIR will 
recommend mitigation measures to reduce potentially significant impacts on these resources. 
 
Cultural Resources:  The EIR will address potential impacts with respect to historical, 
archaeological and paleontological resources.  There is a potential that these resources may be 
located within the Project site.  The EIR will also evaluate the potential for disturbance of human 
remains.  The EIR will recommend mitigation measures to reduce potentially significant impacts 
on these resources. 
 
Geology, Soils and Seismicity:  The EIR will address potential impacts associated with 
geologic hazards and resources.  The Project site is located along the Rialto-Colton fault, which 
separates the Riverside North and Chino groundwater basins from the Colton groundwater 
basins.  The EIR will examine impacts related to seismically-induced ground failure, such as the 
rupture of faults, ground shaking, and liquefaction.  The Project site is located within an area 
susceptible to liquefaction.  The increase in groundwater levels in the area due to replenishment 
from the groundwater basins, and its associated effects on liquefaction potential, will be 
discussed.  Soil erosion will be evaluated, in addition to existing ACOE, City and California 
Regional Water Quality Control Board (RWQCB) design and operational requirements.  As part 
of this review and analysis, mitigation measures will be provided, where applicable to reduce 
potentially significant impacts on these resources.     
 
Hydrology and Water Quality:  The EIR will address potential onsite and offsite impacts with 
respect to water quality and drainage.  This section will include discussion of appropriate Best 
Management Practices (BMPs) with respect to construction and operational water quality issues 
and an analysis of the Project’s impacts on groundwater resources and its contribution to 
aquifer recharge.  Since rising water levels upstream of the proposed inflatable dam may occur, 
the EIR will evaluate impacts related to increased erosion and siltation.  The potential for 
increased onsite and offsite flooding, including the redirection and impediment of flows, will also 
be addressed in the EIR.  If required, mitigation measures such as water efficient landscape will 
be recommended to minimize potentially significant impacts.  
 
Land Use and Relevant Planning:  The EIR will include evaluation of the proposed Project 
with respect to the City of Colton General Plan and Zoning and Development Code and related 
plans/policies, such as any related habitat conservation plans.  The EIR will address the 
Project’s potential to physically divide a community. The proposed pedestrian over-crossing for 
river trail access will be included in this analysis.  Discussion of land use compatibility issues will 
identify and address neighboring residential, manufacturing and storage warehouses.  If 
required, mitigation measures will be recommended to minimize potentially significant impacts.  
 
Noise:  The EIR will include evaluation of potential noise impacts of the proposed Project, 
focusing on short-term construction noise (including truck hauling from site grading and 
construction), long-term changes in noise levels in the Project area due to maintenance 
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operations and associated truck trips along area roadways, and changes in ambient noise 
levels associated with dam operations.  This section will specifically address impacts associated 
with the Project on noise-sensitive land uses both within the Project site and along existing 
offsite roadways.  The sensitive receptor analysis will include the two nearby schools, San 
Bernardino County Special Education (located approximately 300 feet from the Project site) and 
East Valley Community Day School (approximately 800 feet from the site) and the proposed 
onsite passive park. The noise analysis will also address potential increases in noise levels 
within the Project site and along the adjacent roadway portions as they relate to anticipated 
cumulative noise impacts.  If required, mitigation measures will be recommended to minimize 
potentially significant impacts. 
 
Transportation and Circulation:  The EIR will summarize the results of a Traffic Impact 
Analysis, which will address potential impacts to local roadways, intersections and state 
highways, as well as Congestion Management Plan requirements.  Mitigation measures will be 
identified, where necessary to mitigate impacts associated with existing and cumulative 
conditions. 
 
Additional Environmental Topics:  The EIR will also address CEQA-mandated sections such 
as Cumulative Impacts, Growth-Inducing Impacts, Alternatives and other required sections. 
 
VI. ENVIRONMENTAL REVIEW PROCESS 
Following completion of the 30-day Notice of Preparation public review period, the City of 
Riverside will incorporate relevant information into the Project EIR, including results of public 
scoping and technical studies.  A Draft EIR will be circulated for public review and comment for 
the required 45-day public review period.  All individuals that have requested notification will be 
placed on a Notice of Availability list for the Draft EIR, which will be available for review at the 
following locations: 
 

City of Riverside 
Public Utilities Department 

3901 Orange Street 
Riverside, CA 92501 

City of Colton 
650 N. La Cadena Drive 

Colton, CA 92324 

 
Following receipt of all written comments on the Draft EIR, the City of Riverside will prepare 
Responses to Comments as part of the Final EIR, prior to EIR Certification.   
 
Should you have any questions or comments regarding this Notice of Preparation, please 
contact Max Rasouli, Water Resources Manager at (951) 826-5574. 
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PROJECT VICINITY MAP
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 3901 Orange Street 
Riverside, California 92501 

                                                                                   Phone:  951 826-5574 
 
                                                                                                                       

                                                                                                    
 

NOTICE OF PREPARATION 
AND 

PUBLIC SCOPING MEETING NOTICE 
 
 
Date: October 27, 2009 
Subject: Notice of Intent to Prepare Draft Environmental Impact Report  
Project Title: Riverside North Aquifer Storage and Recovery Project 
Lead Agency: City of Riverside  
Address: 3901 Orange Street, Riverside, California, 92501 
City Contact: Max Rasouli  Phone:  (951) 826-5574 
 
The City of Riverside (Riverside) has determined that an Environmental Impact Report (EIR) is 
necessary for the Riverside North Aquifer Storage and Recovery (ASR) Project (the “Project”) in 
the City of Colton.  Riverside is the Lead Agency for the Project and will prepare the EIR under 
the terms and requirements of the California Environmental Quality Act (CEQA) and the 
implementing Guidelines of the California Environmental Quality Act (“Guidelines”).  In addition, 
the City of Colton (Colton) is considered a responsible agency due to the location of the Project 
properties.   

 
The purpose of this notice is: (1) to serve as the Notice of Preparation to potential Responsible 
Agencies, Federal agencies involved in funding or approving the project, and Trustee Agencies 
responsible for natural resources affected by the project, pursuant to Section 15082 of the 
CEQA Guidelines; and (2) to advise and solicit comments and suggestions regarding the 
preparation of the EIR, environmental issues to be addressed in the EIR, and any related 
issues, from interested parties other than those noted above, including interested or affected 
members of the public.  Riverside requests that any potential Responsible or Trustee Agency 
responding to this notice respond in a manner consistent with CEQA Guidelines Section 
15082(b). 
 
The Project description, location, and an analysis indicating the probable environmental effects 
of the proposed action are contained in the attached materials.  Additional Project information is 
available for review at the City of Riverside Public Utilities Department address shown above.  
 
Pursuant to Public Resources Code Section 21080.4 and CEQA Guidelines Section 15082(b), 
Responsible Agencies must submit any comments in response to this notice not later than 30 
days after receipt.  All parties that have submitted their names and mailing addresses will be 
notified as part of the current Project’s CEQA review process.  If you wish to be placed on the 
mailing list or have any questions or need additional information, please contact the person 
identified above.  Riverside will accept written comments from Agencies and interested parties 
regarding this notice through the close of business on December 1, 2009 (submit written 
comments to the address provided above).  



  Notice of Preparation 
  Riverside North Aquifer Storage and Recovery Project 
 

 
City of Riverside October 27, 2009 

PUBLIC SCOPING MEETING 
 
Two separate public scoping meetings will be held on November 17, 2009, including a 
brief Project overview and discussion of environmental issue areas.  Information regarding 
these meetings is provided below:  
 

Date Time Location 

November 17, 2009 2:00 p.m. to 4:00 p.m. 
Riverside Public Utilities 

3901 Orange Street 
Riverside CA, 92501 

November 17, 2009 6:00 p.m. to 8:00 p.m. 
Gonzalez Community Center 

670 Colton Avenue 
Colton, CA 92324 

 
Any interested parties may attend to gain a better understanding of the Project and to identify 
environmental issues of concern.  However, it is not necessary to attend both meetings, as the 
information provided will be the same. 
 
 
Submitted by: 
 
 
             
Max Rasouli            Ruth Villalobos 
Water Resources Manager    Vice President 
City of Riverside      RBF Consulting 
Public Utilities Department 
 
 
 
 



Riverside North Aquifer Riverside North Aquifer 
Storage and Recovery Project Storage and Recovery Project 

(Riverside North ASR)(Riverside North ASR)

Public Scoping MeetingPublic Scoping Meeting
November 17, 2009November 17, 2009

6:00 pm6:00 pm



TonightTonight’’s Agendas Agenda

What is a Public Scoping Meeting?What is a Public Scoping Meeting?

 Environmental Review ProcessEnvironmental Review Process

 Overview of Proposed ProjectOverview of Proposed Project

 Issues to be Reviewed in EIRIssues to be Reviewed in EIR

 Public CommentsPublic Comments



What is a Public Scoping Meeting?What is a Public Scoping Meeting?
 Inform the public Inform the public of the Cityof the City’’s intent to s intent to 

complete an EIR.complete an EIR.

 Present an overviewPresent an overview of the environmental of the environmental 
process and issues to be addressed in the EIR.process and issues to be addressed in the EIR.

 Obtain public commentsObtain public comments regarding potential regarding potential 
environmental issues of concern associated with environmental issues of concern associated with 
the proposed project.the proposed project.



Environmental Review ProcessEnvironmental Review Process



Purpose and NeedPurpose and Need

Water in short supply due to current Water in short supply due to current 
drought conditions in California.drought conditions in California.

 Reliability issues associated with State Reliability issues associated with State 
Water Project facilities and supplies.Water Project facilities and supplies.

 Reduction in groundwater elevations Reduction in groundwater elevations 
within this part of the Santa Ana River.within this part of the Santa Ana River.

 Last opportunity along this stretch of the Last opportunity along this stretch of the 
Santa Ana River to capture surface water.Santa Ana River to capture surface water.



Purpose and NeedPurpose and Need

Aquifer Storage and RecoveryAquifer Storage and Recovery



Riverside North ASR Project Riverside North ASR Project PartnersPartners

 Riverside North ASR Project Partners: Riverside North ASR Project Partners: 
 City of Riverside (Lead Agency)City of Riverside (Lead Agency)
 San Bernardino Valley Municipal Water DistrictSan Bernardino Valley Municipal Water District
 Western Municipal Water District Western Municipal Water District 
 City of Colton (Responsible Agency)City of Colton (Responsible Agency)

Lead AgencyLead Agency –– public agency which has the principal public agency which has the principal 
responsibility for carrying out or approving a project responsibility for carrying out or approving a project 
which may have a significant effect upon the which may have a significant effect upon the 
environment.environment.

Responsible AgencyResponsible Agency –– public agency, other than the public agency, other than the 
lead agency which has responsibility for carrying out lead agency which has responsibility for carrying out 
or approving a project.or approving a project.



Riverside North ASR Project Riverside North ASR Project PurposePurpose

 Project Objectives:Project Objectives:
Aquifer Storage and Recovery Objectives:Aquifer Storage and Recovery Objectives:

•• Recharge the groundwater aquifers in the Riverside and Recharge the groundwater aquifers in the Riverside and 
Colton basins (increase Colton basins (increase gwgw elevations and water quality)elevations and water quality)

•• Achieve the requirements of the 1969 Western JudgmentAchieve the requirements of the 1969 Western Judgment
•• Create drought storage and reduce dependence on imported Create drought storage and reduce dependence on imported 

waterwater
•• Maximize local groundwater production and the capture and Maximize local groundwater production and the capture and 

use of local surface wateruse of local surface water
•• Provide seasonal storageProvide seasonal storage

Recreational and Circulation Objectives:Recreational and Circulation Objectives:
•• Provide recreational opportunities for the local area and Provide recreational opportunities for the local area and 

general vicinitygeneral vicinity
•• Provide a pedestrian connection between the Santa Ana Provide a pedestrian connection between the Santa Ana 

River trail system and the western side of the Santa Ana River trail system and the western side of the Santa Ana 
River, including the passive park River, including the passive park 

•• Create a utility corridor connection between the west and Create a utility corridor connection between the west and 
east side of the Santa Ana Rivereast side of the Santa Ana River



Project Site Existing ConditionsProject Site Existing Conditions
 Vacant land located:Vacant land located:

 South of the Interstate 10,South of the Interstate 10,
 West of the Interstate 215 and Santa Ana River, andWest of the Interstate 215 and Santa Ana River, and
 East M Street and the Union Pacific Railroad rightEast M Street and the Union Pacific Railroad right--ofof--

way.  way.  

 The Project abuts the Santa Ana River as it The Project abuts the Santa Ana River as it 
trends south and bends westward through this trends south and bends westward through this 
part of the watershed.  part of the watershed.  

 The Project site is currently surrounded by The Project site is currently surrounded by 
undeveloped properties to the north and west undeveloped properties to the north and west 
and the Cooley Ranch Planned Development to and the Cooley Ranch Planned Development to 
the east.the east.



Site Vicinity MapSite Vicinity Map



Aerial Aerial 
PhotographPhotograph



Riverside North Aquifer Storage and Riverside North Aquifer Storage and 
Recovery Project CharacteristicsRecovery Project Characteristics

 A conjunctive use project, which includes: A conjunctive use project, which includes: 
 Groundwater Recharge Facilities Groundwater Recharge Facilities 
 Passive Park FacilityPassive Park Facility
 Additional Infrastructure ImprovementsAdditional Infrastructure Improvements



Riverside North Aquifer Storage and Riverside North Aquifer Storage and 
Recovery Project CharacteristicsRecovery Project Characteristics

 A conjunctive use project, which includes: A conjunctive use project, which includes: 
 Groundwater Recharge Facilities Groundwater Recharge Facilities 
•• Inflatable rubber dam across the Santa Ana River, Inflatable rubber dam across the Santa Ana River, 
••Groundwater recharge basins adjacent to the river, Groundwater recharge basins adjacent to the river, 

and and 
••Conveyance facilities (i.e. pipelines, valves, weir Conveyance facilities (i.e. pipelines, valves, weir 

structures, etcstructures, etc……))
 Passive Park FacilityPassive Park Facility
•• Includes picnic tables, and hiking trails, Includes picnic tables, and hiking trails, 
••A fishing pond and areas for fishing activities, and A fishing pond and areas for fishing activities, and 
••Open space areasOpen space areas



 Additional Infrastructure ImprovementsAdditional Infrastructure Improvements
••Realignment of Realignment of FoggFogg Street, Street, 
•• Provision of a 32Provision of a 32--foot wide utility corridor across foot wide utility corridor across 

the Santa Ana River (contained within the rubber the Santa Ana River (contained within the rubber 
dam footprint), and dam footprint), and 
••Reservation of railroad right of way for future reReservation of railroad right of way for future re--

alignmentalignment
••Construction/ modification of levees (ACOE and Construction/ modification of levees (ACOE and 

SBCFCD)SBCFCD)

Riverside North Aquifer Storage and Riverside North Aquifer Storage and 
Recovery Project CharacteristicsRecovery Project Characteristics



Project Project 
LimitsLimits



Inflatable Rubber Inflatable Rubber 
Dam Dam 

Courtesy: Orange County Water District



Illustrative Site MapIllustrative Site Map



Issues to be addressed in the EIRIssues to be addressed in the EIR

 Water Supply Water Supply 
 Hydrology and Water QualityHydrology and Water Quality
 Biological ResourcesBiological Resources
 Cultural ResourcesCultural Resources
 Geology and SoilsGeology and Soils
 Traffic and CirculationTraffic and Circulation
 NoiseNoise
 Air QualityAir Quality
 Land Use and PlanningLand Use and Planning
 Aesthetics, Light, and GlareAesthetics, Light, and Glare

Based on CEQA Guidelines Appendix GBased on CEQA Guidelines Appendix G



Issues to be addressed in the EIRIssues to be addressed in the EIR
 WaterWater SupplySupply

 Conflict with the 1969 Western Judgment Conflict with the 1969 Western Judgment 
 Water Rights implicationsWater Rights implications
 Impacts to downstream environmentsImpacts to downstream environments

 Hydrology and Water QualityHydrology and Water Quality
 Alteration of existing drainage patterns resulting in Alteration of existing drainage patterns resulting in 

erosion or change in rate or amount of runofferosion or change in rate or amount of runoff
 Exceedance of storm water drainage system capacityExceedance of storm water drainage system capacity
 Placement of structures within the 100Placement of structures within the 100--year flood hazard year flood hazard 

areaarea
 Depletion of groundwater and/or interference with Depletion of groundwater and/or interference with 

groundwater rechargegroundwater recharge
 Violation of water quality standards or waste discharge Violation of water quality standards or waste discharge 

requirementsrequirements
 Impacts to downstream environmentsImpacts to downstream environments



Issues to be addressed in the EIRIssues to be addressed in the EIR

 Biological ResourcesBiological Resources
 Effects on special status species or their habitatsEffects on special status species or their habitats
 Effects on sensitive natural communityEffects on sensitive natural community
 Effects on federally protected wetlands as defined by the Effects on federally protected wetlands as defined by the 

Clean Water ActClean Water Act
 Interference with wildlife movementInterference with wildlife movement
 Conflicts with local policies or ordinances protecting Conflicts with local policies or ordinances protecting 

biological resourcesbiological resources
 Impacts to downstream environmentsImpacts to downstream environments

 Cultural ResourcesCultural Resources
 Effects on historical, archaeological and/or paleontological Effects on historical, archaeological and/or paleontological 

resourcesresources
 Disturbance of human remainsDisturbance of human remains



Issues to be addressed in the EIRIssues to be addressed in the EIR

 Geology and SoilsGeology and Soils
 SeismicSeismic--related ground failure or surface fault rupture, related ground failure or surface fault rupture, 

including liquefactionincluding liquefaction
 Soil erosion Soil erosion 
 Unstable soils potentially resulting in landslide, lateral Unstable soils potentially resulting in landslide, lateral 

spreading, subsidence, or collapsespreading, subsidence, or collapse

 Traffic and CirculationTraffic and Circulation
 Substantial increase in trafficSubstantial increase in traffic
 Exceed a level of service standard for roadsExceed a level of service standard for roads
 Emergency AccessEmergency Access
 Conflict with Alternative TransportationConflict with Alternative Transportation



Issues to be addressed in the EIRIssues to be addressed in the EIR

 NoiseNoise
 Exceedance of noise level standardsExceedance of noise level standards
 Excessive groundborne vibration Excessive groundborne vibration 
 Substantial temporary or periodic increase in ambient Substantial temporary or periodic increase in ambient 

noise levelsnoise levels

 Air QualityAir Quality
 Significant air pollutant emissions from constructionSignificant air pollutant emissions from construction
 Potential conflicts with an air quality planPotential conflicts with an air quality plan
 Potential violation of air quality standardsPotential violation of air quality standards
 Cumulative increase of any criteria pollutantCumulative increase of any criteria pollutant



Issues to be addressed in the EIRIssues to be addressed in the EIR
 Land Use and PlanningLand Use and Planning

 Conflicts with applicable local policies or other regulationsConflicts with applicable local policies or other regulations
 Physical division of an established communityPhysical division of an established community

 Aesthetics, Light, and GlareAesthetics, Light, and Glare
 Effects on scenic vistasEffects on scenic vistas
 Viewshed conditions and impactsViewshed conditions and impacts
 Visual character and/ or quality of the siteVisual character and/ or quality of the site

 Cumulative ImpactsCumulative Impacts
 AlternativesAlternatives
 Growth Inducing ImpactsGrowth Inducing Impacts



Future StepsFuture Steps
Winter 
2010

Spring 
2010

Spring/ 
Summer 

2010



Receive Public Comments/TestimonyReceive Public Comments/Testimony
Access the NOP Online at:Access the NOP Online at:

http://www.riversideca.gov/utilities/waterhttp://www.riversideca.gov/utilities/water--nasr.aspnasr.asp

Written Comments Due:Written Comments Due:
December 1, 2009December 1, 2009

Send Written Comments To:Send Written Comments To:
Mr. Max Mr. Max RasouliRasouli
City of Riverside City of Riverside 

3901 Orange Street3901 Orange Street
Riverside, CA 92501Riverside, CA 92501

(p) 951.826.5574(p) 951.826.5574
(f) 951.826.2104(f) 951.826.2104

MRasouli@riversideca.govMRasouli@riversideca.gov

http://www.riversideca.gov/utilities/water
http://www.riversideca.gov/utilities/water
mailto:MRasouli@riversideca.gov
mailto:MRasouli@riversideca.gov


Purpose and NeedPurpose and Need

Based on the 1969 
Western Judgment



 
 
 
 
 
 
 

Sign-In Sheet 
Riverside North Aquifer and Storage and Recovery Project 

EIR Scoping Meeting  
November 17, 2009  

2:00 – 4:00 pm  
 

Riverside Public Utilities 
3901 Orange Street 

Riverside CA, 92501



 
 
 
 
 
 
 
 
 
 
 

Sign-In Sheet 
Riverside North Aquifer and Storage and Recovery Project 

EIR Scoping Meeting  
November 17, 2009 

6:00 – 8:00 pm 
 

Gonzalez Community Center 
670 Colton Avenue 
Colton, CA 92324 

 



Sign-In Sheet 
Riverside North Aquifer and Storage and Recovery Project 

EIR Scoping Meeting  
November 17, 2009, 2-4 pm 

 
Name Organization Address City State  Zip Code 
Aaron Pfannenstiel RBF Consulting 3300 E Guasti Road 

Suite 100 
Ontario Ca 91761 

Ryan Fowler RBF Consulting 3300 E Guasti Road 
Suite 100 

Ontario Ca 91761 

Max Rasouli City of Riverside 
Public Utilities  

3901 Orange Street Riverside Ca 92501 

Kevin Milligan City of Riverside 
Public Utilities  

3901 Orange Street Riverside Ca 92501 

Bruce Davis SBVMWD 3788 McCray Street  Riverside  Ca 92506 

Bob Tineher Webb Associates 380 Vanderbilt San Bernardino Ca 92408 

      

      

      

      

      
 



Sign-In Sheet 
Riverside North Aquifer and Storage and Recovery Project 

EIR Scoping Meeting  
November 17, 2009, 6-8 pm 

 
Name Organization Address City State  Zip Code 
Aaron Pfannenstiel RBF Consulting 3300 E Guasti Road 

Suite 100 
Ontario Ca 91761 

Ryan Fowler RBF Consulting 3300 E Guasti Road 
Suite 100 

Ontario Ca 91761 

Max Rasouli City of Riverside 
Public Utilities 

3901 Orange Street Riverside Ca 92501 

Ruth Villalobos RBF Consulting 3300 E Guasti Road 
Suite 100 

Ontario Ca 91761 

Wen Huang  380 E. Vanderbilt Way San Bernardino Ca 92408 

Amador Roma  951 Florez Street Colton Ca 92324 

Richard Carrion  1000 South 8th Street Colton  Ca 92324 

Bill Bishop  12328 Hibiscus Road Adelanto Ca 92301 

Michael Griffin The Mattorin Group 240 E. Congress Street Colton Ca 92324 

Deb Farrar  670 Colton Avenue Colton Ca 92324 

Raul Sanchez  977 Florez Street Colton  Ca 92324 

Bin Roberts  1065 Tilghman Road Chesterbrook Pa 19087 

Larry Rowe and Jo Pine Mountain Club PO Box 5426  Ca 93222 

Aaron Hodgdon  1461 E. Cooley Drive 
#230 

Colton Ca 92324 
 



 
 
 
 
 
 
 

Sign-In Sheet 
Riverside North Aquifer and Storage and Recovery Project 

EIR Scoping Meeting  
November 17, 2009  

2:00 – 4:00 pm  
 

Riverside Public Utilities 
3901 Orange Street 

Riverside CA, 92501





 
 
 
 
 
 
 
 
 
 
 

Sign-In Sheet 
Riverside North Aquifer and Storage and Recovery Project 

EIR Scoping Meeting  
November 17, 2009 

6:00 – 8:00 pm 
 

Gonzalez Community Center 
670 Colton Avenue 
Colton, CA 92324 

 





































































































                                                             

   

 
 
 
 

Arizona • California • Nevada • New Mexico • Alaska • Oregon • Montana • Illinois • Minnesota • Vermont • Washington, DC 

Ileene Anderson, Staff Biologist
PMB 447, 8033 Sunset Blvd. • Los Angeles, CA 90046-2401 

tel: (323) 654.5943   fax: (323) 650.4620  email: ianderson@biologicaldiversity.org   
www.BiologicalDiversity.org 

San Bernardino Valley 
Audubon Society 

Tri-County 
Conservation 

League 

via electronic and US mail 
 
February 5, 2010 
 
Mr. Max Rasouli 
City of Riverside Public Utilities Department 
3901 Orange Street 
Riverside, CA  92501 
MRasouli@riversideca.gov  
 
RE: Scoping comments Riverside North Aquifer Storage and Recovery Project 
 
Dear Mr. Rasouli, 
 

Please accept the following comments on the Notice of Preparation (“NOP”)/Amended 
NOP for the Riverside North Aquifer Storage and Recovery Project (the “project”) on behalf of 
the Center for Biological Diversity (the “Center”), The San Bernardino Valley Audubon Society 
(“SBVAS”), Tri-County Conservation League, the California Native Plant Society, The Wildlands 
Conservancy, Sierra Club, Endangered Habitats League and .  
 

The Center is a non-profit environmental organization dedicated to the protection of 
native species and their habitats in the Western Hemisphere through science, policy, and 
environmental law. The Center has over 240,000 members and on-line activists throughout 
California and the western United States, including members within the project vicinity. 

 
The San Bernardino Valley Audubon Society is the local chapter of the National 

Audubon Society for almost all of Riverside and San Bernardino Counties. It has about two 
thousand members in that area. Its missions are the protection of natural habitat for birds and 
other wildlife, and public education about the environment. 

 
The Tri-County Conservation League is a public interest group dedicated to protection of 

the Santa Ana River for water quality and quantity, preservation of riparian and associated 
upland habitats for native plants and animals, and compatible public recreational and 
educational activities. 

 



CBD scoping comments Spring Trails SP 
February 5, 2010 
Page 2 of 12 

The Riverside-San Bernardino Chapter of the California Native Plant Society (CNPS) 
strongly encourages preservation of the habitat for rare plant species and rare vegetation 
communities along the Santa Ana River that would be affected by this project, especially the site 
that had been set aside previously for conservation of the Santa Ana woolly star.  The CNPS is 
a non-profit organization of nearly 10,000 laypersons and professional botanists organized into 
33 chapters throughout California. The mission of the California Native Plant Society is to 
increase understanding and appreciation of California’s native plants and to conserve them and 
their natural habitats, through education, science, advocacy, horticulture and land stewardship.  
Our Chapter has been actively involved in research and teaching about the biology and flora of 
the Santa Ana River, as evidenced by the involvement of several active members in the 2007 
publication, The Flora of the Santa Ana River and Environs by Oscar Clarke, Greg Balmer, 
Daniele Svehla, and Arlee Montalvo, Heyday Press, 494 pages. 

 
The Wildlands Conservancy is California’s largest nonprofit landowner with ten 

preserves that total 146,000 acres. TWC has preserved over 850,000 acres of land in California 
with private money, more than any other nonprofit organization. TWC is also the largest provider 
of free outdoor education programs in Southern California. TWC purchases and restores 
landscapes, builds visitor facilities and provides educational program exclusively with private 
donations. TWC is dedicated to preserving the beauty and biodiversity and to funding programs 
so that children may know the wonder and joy of nature. 
 

The Sierra Club is a national nonprofit organization of over 732,000 members dedicated 
to exploring, enjoying, and protecting the wild places of the earth; to practicing and promoting 
the responsible use of the earth’s ecosystems and resources; to educating and enlisting 
humanity to protect and restore the quality of the natural and human environment; and to using 
all lawful means to carry out these objectives. Over 193,500 Sierra Club members reside in 
California.  The San Gorgonio Chapter of the Sierra Club focuses on issues within the inland 
empire, including western Riverside County. 

Founded in 1991, the Endangered Habitats League <www.ehleague.org> is Southern 
California’s only regional conservation group. EHL is dedicated to ecosystem protection and 
sustainable land use for the benefit of all the region’s inhabitants. It has served on numerous 
advisory committees appointed by local governments to guide the preparation of general plans, 
transportation plans, and habitat plans. 

Friends of Riverside’s Hills is a non-profit group dedicated to maintaining and enhancing 
the quality of life of the residents of the City of Riverside and surrounding areas by maximizing 
the preservation of the regions scenic hills, ridgelines, arroyos, and wildlife areas, and by 
promoting the establishment of a network of linked natural open space areas for use as wildlife 
corridors and recreational trails. 
 

The proposed project would create a series of groundwater recharge facilities (inflatable 
rubber dam, groundwater recharge basins and conveyance pipelines), realignment of Fogg 
Street, a 32-foot wide utility corridor across the Santa Ana River, and a right-of-way for a 
railroad line realignment.  The project is also proposed to include a community park (including 
passive recreational trails, water features and a pedestrian bridge over the Santa Ana River).  
Because the project is proposed in such biologically sensitive habitats, a comprehensive 
Environmental Impact Report (EIR) is required to fulfill obligations under CEQA.   

 



CBD scoping comments Spring Trails SP 
February 5, 2010 
Page 3 of 12 

We note that two of the parcels included in this project were originally purchased by The 
Wildlands Conservancy (TWC) and donated to the County of San Bernardino for a regional 
park. Subsequently, TWC re-acquired the property and sold it to the City of Colton. While the 
project amendment no longer proposes to include a community park, the sale of the land 
envisioned an open space park, potential percolation ponds and woolly star habit preservation 
focused on the public’s enjoyment of an area where rare species habitats that are only found 
along the Santa Ana River Wash System – in fewer and fewer areas. The conservation groups 
offer the following comments regarding the implementation of the EIR: 
 
Biological Resources 
 

Part of the project site is currently occupied habitat for the endangered Santa Ana River 
woolly-star (Eriastrum densiflorum ssp. sanctorum) (CNDDB 2009). Complete surveys and 
documentation of the locations for the woolly-star populations need to be completed.  The 
project then needs to be designed to avoid and minimize impacts to this declining species. 
 

A portion of the project within the Santa Ana River is currently proposed as critical 
habitat for the federally threatened Santa Ana sucker (Catostomus santaanae) 74 FR 65056.  
Downstream of the project is the only remaining extant population of the Santa Ana sucker in 
the Santa Ana River. It is in decline. This project needs to avoid any impacts to this declining 
species in order to minimize the need for uplisting this species to endangered. 
 

Other rare species with potential to occur on the project site and are tracked by state 
and federal resource agencies include: 
 
Common Name Scientific Name State/Federal/Other Status 
Tricolored blackbird Agelaius tricolor CSC 
Marsh sandwort Arenaria paludicola CE/FE 
Orange-throated whiptail Aspidoscelis hyperythra CSC 
Horn’s milk-vetch Astragalus hornii var. hornii CNPS 1B.1 
Burrowing owl Athene cunicularia CSC 
Nevin’s barberry Berberis nevinii CE/FE/CNPS 1B.1 
Plummer’s mariposa lily Calochortus plummerae CNPS 1B.2 
Lawrence’s goldfinch Carduelis lawrencei  
Bristly sedge Carex comosa CNPS 2.1 
Busck’s gallmoth Carolella busckana  
Smooth tarplant Centromadia pungens ssp. 

laevis CNPS 1B.1 
Cuckoo wasp Ceratochrysis longimala  
Northwestern San Diego pocket 
mouse 

Chaetodipus fallax fallax CSC 

Parry’s spineflower Chorizanthe parryi var. parryi CNPS 1B.1 
Western yellow-billed cuckoo Coccyzus americanus 

occidentalis CE/FC 
Salt marsh bird’s-beak Cordylanthus maritimus ssp. 

maritimus CE/FE 
Northern red-diamond rattlesnake Crotalus ruber ruber CSC 
San Bernardino kangaroo rat Dipodomys merriami parvus FE/CSC 
Stephen’s kangaroo rat Dipodomys stephensi CT/FE 



CBD scoping comments Spring Trails SP 
February 5, 2010 
Page 4 of 12 

Slender-horned spineflower Dodecahema leptoceras CE/FE/CNPS 1B.1 
California horned lark Eremophila alpestris actia  
Western mastiff bat Eumops perotis californicus CSC 
Alvin Meadow bedstraw Galium californicum ssp. 

primum CNPS 1B.2 
Los Angeles sunflower Helianthus nuttallii ssp. parishii CNPS 1A 
Mesa horkelia Horkelia cuneata ssp. puberula CNPS 1B.1 
Yellow-breasted chat Icteria virens CSC 
California satintail Imperata brevifolia CNPS 2.1 
Loggerhead shrike Lanius ludovicianus CSC/FSC/MB 
Western yellow bat Lasiurus xanthinus  
Robinson’s pepper-grass Lepidium virginicum var. 

robinsonii CNPS 1B.2 
San Diego black-tailed jackrabbit Lepus californicus bennettii CSC 
Parish’s desert-thorn Lycium parishii CNPS 2.3 
Pringle’s monardella Monardella pringlei CNPS 1A 
Gambel’s water cress Nasturtium gambelii CT/FE/CNPS 1B.1 
Pocketed free-tailed bat Nyctinomops femorosaccus CSC 
Southern grasshopper mouse Onychomys torridus ramona CSC 
Los Angeles pocket mouse Perognathus longimembris 

brevinasus CSC 
Brand’s phacelia Phacelia stellaris CNPS 1B.1 
Coast (San Diego) horned lizard Phrynosoma coronatum 

(blainvillii population) CSC 
Coastal California gnatcatcher Polioptila californica californica CSC/FT 
Delhi sands flower-loving fly Rhaphiomidas terminatus 

abdominalis FE 
Golden eagle Aquila chrysaetos CSC/FP/FSC 
Parish’s gooseberry Ribes divaricatum var. parishii CNPS 1A 
Salt spring checkerbloom Sidalcea neomexicana CNPS 2.2 
Western spadefoot Spea hammondii CSC 
San Bernardino aster  Symphyotrichum defoliatum CNPS 1B.2 
American badger Taxidea taxus CSC 
Least Bell’s vireo Vireo bellii pusillus CE/FE 
State Designation 

CE State listed as endangered. Species whose continued existence in California is jeopardized. 
CT State listed as threatened. Species that although not presently threatened in California with extinction are 
likely to become endangered in the foreseeable future. 
CSC California Department of Fish and Game “Species of Special Concern.” Species with declining populations 
in California. 

Federal Designation 
FE Federally listed as endangered. 
FT Federally listed as threatened. 
FP Federally protected (Bald and Golden Eagle Protection Act) 

Other 
 California Native Plant Society (CNPS) 

1A  Plants presumed extinct in California 
1B.1 Plants Rare, Threatened, or Endangered in California and Elsewhere and seriously threatened in CA. 
1B.2 Plants Rare, Threatened, or Endangered in California and Elsewhere and fairly threatened in CA. 
2.1 Plant rare, threatened or endangered in California, but more common elsewhere, and seriously threatened in 
CA. 
2.2 Plant rare, threatened or endangered in California, but more common elsewhere, and fairly threatened in CA. 
2.3 Plant rare, threatened or endangered in California, but more common elsewhere, and not very threatened in 
CA. 
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All of these species need to be surveyed for and the project designed to avoid and 

minimize impacts to them.  If unfeasible, then strong mitigation measures must be implemented 
to off-set impacts to these rare species. 

 
In addition several rare plant communities are also known from the general project area 

including Riversidian Alluvial Fan Sage Scrub, Southern Cottonwood Willow Riparian Forest, 
Southern Riparian Scrub, Southern Sycamore Alder Riparian Woodland.  Remnants of 
Riversidean Alluvial Fan Sage Scrub have been documented on the project site and will need to 
be avoided.  Enhancement opportunities for this rare and declining plant community should be 
apart of this project. 

 
 

Locally Rare Species 
In order to present a full picture of the biological impacts of the project, the EIR needs to 

evaluate the impact of the proposed permitted activities on locally rare species (not merely 
federal- and state-listed threatened and endangered species). The preservation of regional and 
local scales of genetic diversity is very important to maintaining species. Therefore, we request 
that all species found at the edge of their ranges or that occur as disjunct locations be evaluated 
for impacts by the proposed permitted activities.  
 
Biological Surveys and Mapping 

In order to present a full picture of the biological impacts of the project, thorough, 
seasonally appropriate surveys must be performed for sensitive plant species and vegetation 
communities, and animal species under the direction and supervision of the City and resource 
agencies such as the US Fish and Wildlife Service and the California Department of Fish and 
Game. Full disclosure of survey results to the public and other agencies without limitations must 
be implemented to assure full CEQA compliance. 
 

Surveys for the plants and plant communities should follow California Native Plant 
Society (CNPS)1 and California Department of Fish and Game (CDFG) floristic survey 
guidelines2 and should be documented as recommended by CNPS3 and California Botanical 
Society policy guidelines. A full floral inventory of all species encountered needs to be 
documented and included in the EIR. Surveys for animals should include an evaluation of the 
California Wildlife Habitat Relationship System’s (CWHR) Habitat Classification Scheme. All 
rare species (plants or animals) need to be documented with a California Natural Diversity Data 
Base form and submitted to the California Department of Fish and Game using the CNDDB 
Form4 as per the State’s instructions5. 
 

In order for the public to properly evaluate the data, the vegetation maps must be at a 
large enough scale to be useful for evaluating the impacts. Vegetation/wetland habitat mapping 
should be at such a scale to provide an accurate accounting of wetland and adjacent habitat 
types that will be directly or indirectly affected by the proposed activities. A half-acre minimum 

                                                 
1 http://www.cnps.org/cnps/rareplants/inventory/guidelines.php  
2 http://www.dfg.ca.gov/biogeodata/cnddb/pdfs/Protocols_for_Surveying_and_Evaluating_Impacts.pdf  
3 http://www.cnps.org/cnps/archive/collecting.php  
4 http://www.dfg.ca.gov/biogeodata/cnddb/pdfs/CNDDB_FieldSurveyForm.pdf  
5 http://www.dfg.ca.gov/biogeodata/cnddb/submitting_data_to_cnddb.asp  
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mapping unit size is recommended, such as has been used for other development projects. 
Habitat classification should follow both CNPS’ Manual of California Vegetation.  
 
Impact Analysis 

The EIR must evaluate all direct, indirect, and cumulative impacts to sensitive habitats, 
including impacts associated with unpermitted recreational activities, the introduction of non-
native plants, lighting, noise, and the loss and disruption of essential habitat due to edge effects.  
 

The EIR must identify and evaluate impacts to species and ecosystems from invasive 
exotics species. Many of these species invade disturbed areas, and then spread into wildlands. 
Fragmentation of intact, ecologically functioning communities further aides the spread and 
degradation of plant communities (Bossard et al 2000). Additionally, landscaping with exotic 
species is often the vector for introducing invasive exotics into adjacent habitats. Invasive 
landscape species displace native vegetation, degrade functioning ecosystems, provide little or 
no habitat for native animals, and increase fire danger and carrying capacity. All of these factors 
for wildland weeds are present in the project, and their affect must be evaluated in the EIR. 
 
Wildlife Movement 

A thorough and independent evaluation of the project’s impacts on wildlife movement is 
essential. The Santa Ana River corridor is one of the last best, albeit tenuous, linkages for 
wildlife movement through the highly urbanized inland empire to larger conservation refugia.  
The EIR must evaluate all direct, indirect, and cumulative impacts to wildlife movement 
corridors. The analysis should cover movement of mammals, as well as other taxonomic 
groups, including birds, reptiles, amphibians, invertebrates, and vegetation communities. The 
EIR should first evaluate habitat suitability within the analysis window for multiple species, 
including all listed and sensitive species, in addition to target species. The habitat suitability 
maps generated for each species should then be used to evaluate the size of suitable habitat 
patches in relation to the species average territory size to determine whether the linkages 
provide both live-in and move-through habitat. The analyses should also evaluate if suitable 
habitat patches are within the dispersal distance of each species. The EIR should address both 
individual and intergenerational movement (i.e., will the linkages support metapopulations of 
smaller, less vagile species). The EIR should identify which species would potentially utilize the 
proposed wildlife movement corridors under baseline conditions and after build out, and for 
which species they would not. In addition, the EIR should consider how wildlife movement will 
be affected by other planned approved, planned, and proposed development in the region. 
 

The EIR should analyze whether any proposed wildlife movement corridors are wide 
enough to minimize edge effects and allow natural processes of disturbance and subsequent 
recruitment to function. The EIR should also evaluate whether the proposed wildlife movement 
corridors would provide key resources for species, such as host plants, pollinators, or other 
elements. For example, many species commonly found in riparian areas depend on upland 
habitats during some portion of their cycle. Therefore, in areas with intermittent or perennial 
streams, upland habitat protection is needed for these species. Upland habitat protection is also 
necessary to prevent the degradation of aquatic habitat quality. 
 
Mitigation and Restoration 

For affected sensitive habitat and vegetation types, the EIR should prioritize avoidance, 
followed by onsite habitat replacement at a mitigation ratio calculated to ensure success, 
followed by onsite restoration and enhancement, followed by off-site mitigation. The EIR should 
include alternatives that maximize avoidance of sensitive habitat through clustering and 
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preservation of large, contiguous areas. Identification and purchase of mitigation areas, with 
establishment of effective long-term management, should occur prior to any grading. 
 

Specific, feasible, and enforceable mitigation measures for impacts associated with 
unpermitted recreational activities, the introduction of non-native plants, lighting, noise, and the 
loss and disruption of essential habitat due to edge effects are available and should be included 
in the EIR, including but not limited to the following: 

 minimum 300-foot setbacks between developed area, including roads, and sensitive 
habitat areas 

 conditions prohibiting non-leashed outdoor pets (including cats) 
 incorporation of low-intensity, shielded, and directional night lighting 
 techniques to control non-native invasive species 
 prohibiting the use of pesticides and other toxic chemicals around/in facilities 
 requiring the use of appropriate native vegetation in landscaping 
 providing public education regarding rare, threatened and endangered species and how 

local communities can help protect them 
 requiring controlled access to lands set aside for habitat preservation 

 
If any type of restoration is proposed as part of the project, the conservation organizations 
requests the analysis of economic advantages of conserving natural vegetation communities 
versus the costs of restoring them, be included in the EIR. Restoration biology has shown that 
“restored” habitats never support the diversity of species found in undisturbed habitats 
(Longcore et al. 1997). Therefore, the benefits of maintaining current communities and habitat 
need versus no action need to be evaluated. 
 
Habitat enhancement, particularly for avian species should be incorporated into the project to 
enhance the riparian corridor for habitat and nesting. 
 
Recreation 

The EIR needs to explore the compatibility of the spreading basins with passive 
recreational opportunities adjacent to the Santa Ana River and around the spreading basins, 
including pedestrian and bicycle paths and include these types of recreational opportunities. 
 
Visual Qualities 

All viewshed intrusion (or indirect effect due to lighting and glare) must be disclosed and 
analyzed in the EIR. Light and glare produced by the project, however, must be considered in 
the context of the project site, which is currently relatively free of any light sources. The EIR 
must not dismiss light and glare impacts, but must fully evaluate such impacts in the regional 
context of the project. 
 
Air Quality 

The EIR must consider the project’s potential to impair attainment goals for the Air 
Basin. The EIR should consider specific mitigation measures to reduce air quality impacts 
associated with the earth moving during construction and maintenance, including a firm 
requirement for construction equipment to use low-sulfur diesel fuel and particulate traps.   
 
Greenhouse Gas Emissions 

The EIR must disclose the project’s net contribution to greenhouse gas emissions from 
all sources and incorporate feasible mitigation measures and alternatives to reduce this impact. 
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For mobile sources, since consistency with the AQMP will not necessarily achieve the maximum 
feasible reduction in mobile source greenhouse emissions, the EIR should evaluate specific 
mitigation measures to reduce greenhouse emissions from mobile sources.  Consistent with 
recent California law setting greenhouse gas emissions reduction goals, the EIR should 
consider measures and an alternative that achieve “carbon neutrality” (no net contribution of 
greenhouse gas emissions) for the project. 
 

The analysis of the project’s contribution to greenhouse gas emissions must also 
disclose and evaluate the net emissions due to energy and water use by the project.  Specific 
mitigation measures should be incorporated to reduce these emissions to the maximum extent 
feasible, including but not limited to the following: 

 Requiring the use of ultra-efficient appliances and air conditioners capable of exceeding 
California Energy Commission requirements by at least 25% (i.e. using 75% or less 
energy than the CEC standards) 

 Design standards for residential units and landscaping providing for maximum energy 
efficiency in order to reduce energy usage associated with cooling and heating 

 Use of light-colored roofing and building materials 
 Requiring photovoltaic generators for all residences and energy requiring infrastructure 

as a design feature 
 

Fortunately guidance and numerous mitigation measures are available for review from 
statewide agencies such as the California Attorney General 
(http://ag.ca.gov/globalwarming/ceqa.php), and California Air Pollution Control Officers 
Association (http://www.capcoa.org/) that can be reviewed during the preparation of the EIR. 
 
Transportation/Traffic 

The EIR should provide updated traffic models for I-10 and other major highways and 
roadways that incorporate traffic projections based on current traffic levels and other existing, 
approved, and planned projects.. 
 
Energy Conservation 

The EIR needs to analyze the required impacts to energy use and conservation.  CEQA 
requires that Project proponents address the implications of energy use on the project.  CEQA 
Appendix F.  Potentially significant energy implications of a project should be considered in an 
EIR.   
 
Water Quality 

The EIR must provide detailed descriptions of the project’s water quality impacts. In 
particular, the EIR must evaluate the water quality impacts associated with the urban run-off 
from upstream sources, such as pesticides, irrigation, and fertilizer runoff from upstream sites 
proposed as part of the project. The ponding as envisioned behind the rubber dam and in the 
spreading basins tend to have their own adverse environmental consequences on water quality, 
amphibians, and birds. These impacts must also be disclosed and analyzed in the EIR. The EIR 
should consider landscaping design alternatives that minimize or avoid these types of impacts.   
 
Water Supply 

The EIR must identify the sources of water for the project. The EIR must also evaluate 
all environmental impacts associated with use of any identified water sources. The EIR should 
disclose the legal status of any water rights asserted as a basis for the project’s water supply, 
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and indicate any further administrative or legal proceedings that are necessary to perfect such 
rights. Because local surface water supplies will be used to supply the project, the EIR must 
document the existing state of such supplies, and evaluate the impact of any surface water 
diversions. The effects of the water diversion on the natural resources (springs, seeps, 
wetlands, drainages, etc.) must be thoroughly analyzed. 
 
Cultural Resources 

Because the project site is directly adjacent to the Santa Ana River, cultural resources 
need to be surveyed for and documented. Adjacent to and upstream of the proposed project site 
was the historical settlement of Agua Mansa, which has been inundated by flooding events.  
Artifacts from this site may likely have washed downstream to the proposed project area.  
Additionally, it is essential that the City consult at the earliest possible opportunity with the 
Native American Heritage Commission and with local tribal representatives regarding the 
cultural and archaeological significance of this site. The EIR should include an independent 
peer-reviewed analysis of the project’s potential impacts on cultural, archaeological, and 
historical resources. 

 
Geology and Soils 

The underlying geology in the vicinity of the settlement ponds also needs to be studied 
to determine if it is appropriate for infiltration.  Some of the river terraces in the area may have a 
type of clay pan.  The position of the ponds needs to be shown to be adequate for infiltration 
and that creation of the settlement ponds will not harm the natural hydrology of the area. The 
project also needs careful study by fluvial geomorphologists to understand upstream and 
downstream impacts of water diversions. 
 
Cumulative Impacts 

As proposed, the project is another cut in the “death by 1000 cuts” of the Santa Ana 
River, which is a unique regional feature. The EIR must disclose the impacts from all proposed 
adjacent projects. It is impossible to fully understand the impacts of the project, particularly its 
regional impacts on the rare species, wildlife movement, and traffic, without full disclosure of all 
other approved, proposed, and planned projects. 
 

As required by CEQA, the EIR must include a list of past, present, and probable future 
projects producing related or cumulative impacts, together with a summary of the expected 
environmental impacts from those projects and a reasonable analysis of the cumulative impacts 
of the relevant projects.  
 
Alternatives 

The EIR should consider a range of smaller alternatives that reduce or avoid the 
project’s significant environmental impacts as well as alternative project locations including the 
Pellisier Ranch property. The City should undertake an independent evaluation of the financial 
viability of the project, as well as reduced-scale alternatives.  One alternative should explore 
returning more natural meanders to large sections of the river in appropriate places where 
increased infiltration could occur.  Another alternative should explore using the Pellisier ranch 
lands as the project site.  Another alternative should include using Low Impact Development 
(LID) techniques in development and redevelopment projects such as porous concrete and 
pavers to increase infiltration over larger areas than the proposed basins. 
 
Environmental Baseline 
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The baseline for environmental analysis should not simply be set based on the existing 
environmental conditions because the environment itself is changing. Instead, the EIR analysis 
should be based on a dynamic baseline that accounts for global warming (this may particularly 
affect water supply and demand and wildlife movement patterns). The EIR should also consider 
the increasing future demand for water from existing customers and for anticipated future 
growth. 
 
Project Need 

The NOP failed to address this important aspect of the project.  This section needs to be 
included in the EIR. It is unclear why the project is actually needed, much less at this particular 
location.  
 

Thank you for your consideration of these comments. Please add us to the distribution 
list for the EIR and all notices associated with the project. 
 
 
Best regards, 
 

 
Ileene Anderson 
Staff Biologist 
Center for Biological Diversity 
PMB 447, 8033 Sunset Blvd. 
Los Angeles, CA  90046 
 
 For the San Bernardino Valley Audubon Society 

 
Drew Feldmann 
Conservation Chair 
P.O. Box 10973 
San Bernardino, CA 92423-0973  
 
/s/ 
Greg Ballmer, 
President 
Tri-County Conservation League 
P.O. Box 51127 
Riverside, CA 92517-2127 
 
/s/ 
Arlee Montalvo 
Conservation Chair 
Riverside-San Bernardino Chapter 
California Native Plant Society 
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4477 Picacho Drive 
Riverside, CA 92507 
 
 
 
/s/ 
Dana Rochat 
The Wildlands Conservancy 
39611 Oak Glen Road, Bldg. #12 
Oak Glen, CA 92399 
 
/s/ 
Rick Estes 
Chapter Chair 
San Gorgonio Chapter -Sierra Club 
4079 Mission Inn Avenue 
Riverside, CA 92501-3204 
 

 
Dan Silver, Executive Director 
Endangered Habitats League 
8424 Santa Monica Blvd., Suite A 592 
Los Angeles, CA  90069-4267 
dsilverla@me.com 
www.ehleague.org 
 
/s/ 
Leonard Nunney 
Secretary 
Friends of Riverside's Hills 
P.O. Box 5165 
Riverside CA 92517-5165 
 
 
 
 
cc:   USFWS, Carlsbad 
 CDFG 
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City of Riverside 

Public Utilities Department 
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NOTICE OF AVAILABILITY 

DRAFT ENVIRONMENTAL IMPACT REPORT 
State Clearing House No. 2009101105 

 
Project: Riverside North Aquifer Storage and Recovery Project  

Draft Environmental Impact Report (EIR) 
 

 
NOTICE IS HEREBY GIVEN that the City of Riverside (City), as Lead Agency under the 
California Environmental Quality Act (CEQA), has prepared a Notice of Availability (NOA) for a 
Draft Environmental Impact Report (EIR) for the proposed Riverside North Aquifer Storage and 
Recovery (ASR) Project. The EIR has been prepared pursuant to CEQA and the CEQA 
Guidelines. Copies of available project materials may be reviewed and obtained from the City’s 
Office at the address or website listed above.    
 

Project Location: The proposed Riverside 
North Aquifer Storage and Recovery Project 
(“project”) is located in the southern portion 
of the City of Colton and north of the City of 
Grand Terrace in southwestern San 
Bernardino County. The project site is 
located south of Interstate 10 and East M 
Street, west of Interstate 215 and the Santa 
Ana River, and east of the Union Pacific 
Railroad right-of-way. The project abuts and 
includes portions of the Santa Ana River as 
it trends south and bends westward through 
this part of the watershed.  Roadways providing vehicular access to the project site include East 
Congress Street and Mt. Vernon Avenue. 

 

Project Description: The proposed project is separated into five components: in-stream 
recharge (inflatable dam, diversion structure, and conveyance pipeline), off-stream recharge (3 
to 8 recharge basins), diversion for the Riverside Canal (conveyance facilities), State Water 
Project pipeline (valves and connection pipeline to Riverside Canal Pipeline), and utility 
crossing. The in-stream recharge component will require the modification of the streambed 
directly upstream of the proposed inflatable dam. The purpose of the proposed project is to 
recharge the groundwater aquifers in the Riverside and Colton basins, improve groundwater 
quality of the Riverside and Colton basins, create drought storage, reduce dependence on 
imported water, maximize local groundwater production, maximize capture and use of local 
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surface water, and provide seasonal storage. For a further description of the project refer to 
Section 2.0, Project Description, of the Draft EIR. 
 
The project requires certification of the EIR as well as various permits or approvals from the 
State Water Resources Control Board, U.S. Army Corps of Engineers, California Department of 
Fish and Wildlife, Santa Ana Regional Water Quality Control Board, U.S. Fish and Wildlife 
Service (Endangered Species Act Section 7 Consultation), Project Partner Agreements, and 
Encroachment Permits from the San Bernardino Flood Control District and the City of Colton.  
 

Environmental Issues: The Notice of Preparation released on October 27, 2009 determined 
that several issue areas may have significant impacts on the environment, which are addressed 
in the Draft EIR. The issues addressed include: aesthetics/light/glare, air quality/odor/climate 
change, biological resources, cultural resources, geology/soils, greenhouse gas emissions, 
hydrology/water quality, land use/relevant planning, noise, transportation/circulation, and water 
supply. The Draft EIR also evaluates cumulative impacts, growth-inducing impacts, and 
potential alternatives to the Project. According to the California Environmental Protection 
Agency’s Hazardous Waste and Substances Sites (Cortese) list, the Project site does not 
contain any site enumerated under government Code Section 65962.5.  
 

Significant Environmental Effects: Two air quality impacts were found to be environmentally 
significant. Regional construction-related emissions would exceed the South Coast Air Quality 
Management District (SCAQMD) daily emissions thresholds for NOX and PM10 after the 
implementation of all mitigation measures. Also, cumulative short-term, construction-related 
emissions would create a significant impact due to exceedances of SCAQMD thresholds for 
NOX and PM10 after the implementation of all proposed mitigation measures. 

 
Public Review Period: The Draft EIR will be available for review during the 45-day public 

review period, from June 30, 2015 to August 13, 2015. 
 
Written Comments on the Draft EIR Should be addressed to: 
 

City of Riverside 
Public Utilities Department 

3750 University Avenue, 3rd Floor 
Riverside, California 92501 

Attn: David Garcia, Water Resources 

 
All comments must be received in writing at the address above no later than 5:00 PM on 
August 13, 2015. Upon completion of the public review period, written responses to all 
significant environmental issues raised will be prepared and made available for review at least 
10 days before the certification of the Final EIR. Written comments will be included as part of 
the public record. A hearing will be held for the certification of the EIR by the Riverside Board of 
Public Utilities after the completion of the Final EIR.  
 

DOCUMENT AVAILABILITY: The EIR is available for purchase (CD’s are free) at the City 
Public Utilities Department, located at the address above, and may also be viewed on the City's 
website at http://www.riversideca.gov/, as well as at the City’s Main Library and the City of 
Colton’s Main Library as indicated below. 
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City of Riverside 
Main Branch Library 
3581 Mission Inn Avenue, 92501 
 
City of Colton 
Main Branch Library 
656 North 9th Street 
Colton, CA 92324 
 
Any questions or concerns regarding the Project, EIR, or public review process may be directed 
to David Garcia at (951) 826-5612. 
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Noise Data  

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Roadway Construction Noise Model (RCNM),Version 1.0

Report date: 11/17/2011
Case Description: Site Grading

---- Receptor #1 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
North Residential 1 1 1

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Scraper No 40 83.6 1088 0
Scraper No 40 83.6 1088 0
Scraper No 40 83.6 1088 0
Scraper No 40 83.6 1088 0
Dozer No 40 81.7 1088 0
Excavator No 40 80.7 1088 0
Excavator No 40 80.7 1088 0
Tractor No 40 84 1088 0
Tractor No 40 84 1088 0
All Other Equipment > 5 HP No 50 85 1088 0

Results
Calculated (dBA) Noise Limits (dBA) Noise Limit Exceedance (dBA)

Day Evening Night Day Evening Night
Equipment *Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq
Scraper 56.8 52.8 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Scraper 56.8 52.8 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Scraper 56.8 52.8 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Scraper 56.8 52.8 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Dozer 54.9 50.9 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Excavator 54 50 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Excavator 54 50 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Tractor 57.2 53.3 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Tractor 57.2 53.3 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
All Other Equipment > 5 HP 58.2 55.2 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Total 58.2 62.7 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.



---- Receptor #2 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
South Residential 1 1 1

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Scraper No 40 83.6 280 0
Scraper No 40 83.6 280 0
Scraper No 40 83.6 280 0
Scraper No 40 83.6 280 0
Dozer No 40 81.7 280 0
Excavator No 40 80.7 280 0
Excavator No 40 80.7 280 0
Tractor No 40 84 280 0
Tractor No 40 84 280 0
All Other Equipment > 5 HP No 50 85 280 0

Results
Calculated (dBA) Noise Limits (dBA) Noise Limit Exceedance (dBA)

Day Evening Night Day Evening Night
Equipment *Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq
Scraper 68.6 64.6 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Scraper 68.6 64.6 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Scraper 68.6 64.6 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Scraper 68.6 64.6 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Dozer 66.7 62.7 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Excavator 65.7 61.8 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Excavator 65.7 61.8 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Tractor 69 65.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Tractor 69 65.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
All Other Equipment > 5 HP 70 67 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Total 70 74.5 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.



---- Receptor #3 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
East Residential 1 1 1

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Scraper No 40 83.6 215 0
Scraper No 40 83.6 215 0
Scraper No 40 83.6 215 0
Scraper No 40 83.6 215 0
Dozer No 40 81.7 215 0
Excavator No 40 80.7 215 0
Excavator No 40 80.7 215 0
Tractor No 40 84 215 0
Tractor No 40 84 215 0
All Other Equipment > 5 HP No 50 85 215 0

Results
Calculated (dBA) Noise Limits (dBA) Noise Limit Exceedance (dBA)

Day Evening Night Day Evening Night
Equipment *Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq
Scraper 70.9 66.9 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Scraper 70.9 66.9 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Scraper 70.9 66.9 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Scraper 70.9 66.9 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Dozer 69 65 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Excavator 68 64.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Excavator 68 64.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Tractor 71.3 67.4 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Tractor 71.3 67.4 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
All Other Equipment > 5 HP 72.3 69.3 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Total 72.3 76.8 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.



---- Receptor #4 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
West Residential 1 1 1

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Scraper No 40 83.6 150 0
Scraper No 40 83.6 150 0
Scraper No 40 83.6 150 0
Scraper No 40 83.6 150 0
Dozer No 40 81.7 150 0
Excavator No 40 80.7 150 0
Excavator No 40 80.7 150 0
Tractor No 40 84 150 0
Tractor No 40 84 150 0
All Other Equipment > 5 HP No 50 85 150 0

Results
Calculated (dBA) Noise Limits (dBA) Noise Limit Exceedance (dBA)

Day Evening Night Day Evening Night
Equipment *Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq
Scraper 74 70.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Scraper 74 70.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Scraper 74 70.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Scraper 74 70.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Dozer 72.1 68.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Excavator 71.2 67.2 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Excavator 71.2 67.2 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Tractor 74.5 70.5 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Tractor 74.5 70.5 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
All Other Equipment > 5 HP 75.5 72.4 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Total 75.5 79.9 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.



Roadway Construction Noise Model (RCNM),Version 1.0

Report date: 7/28/2009
Case Description:North Basin Building Construction

---- Receptor #1 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
North Residential 1 1 1

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Impact Pile Driver Yes 20 101.3 1088 0
Crane No 16 80.6 1088 0
Tractor No 40 84 1088 0
Pickup Truck No 40 75 1088 0
Pickup Truck No 40 75 1088 0

Results
Calculated (dBA) Noise Limits (dBA) Noise Limit Exceedance (dBA)

Day Evening Night Day Evening Night
Equipment *Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq
Impact Pile Driver 74.5 67.5 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Crane 53.8 45.8 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Tractor 57.2 53.3 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Pickup Truck 48.2 44.3 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Pickup Truck 48.2 44.3 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Total 74.5 67.8 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.



---- Receptor #2 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
South Residential 1 1 1

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Impact Pile Driver Yes 20 101.3 280 0
Crane No 16 80.6 280 0
Tractor No 40 84 280 0
Pickup Truck No 40 75 280 0
Pickup Truck No 40 75 280 0

Results
Calculated (dBA) Noise Limits (dBA) Noise Limit Exceedance (dBA)

Day Evening Night Day Evening Night
Equipment *Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq
Impact Pile Driver 86.3 79.3 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Crane 65.6 57.6 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Tractor 69 65.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Pickup Truck 60 56.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Pickup Truck 60 56.1 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Total 86.3 79.5 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.



---- Receptor #3 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
East Residential 1 1 1

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Impact Pile Driver Yes 20 101.3 215 0
Crane No 16 80.6 215 0
Tractor No 40 84 215 0
Pickup Truck No 40 75 215 0
Pickup Truck No 40 75 215 0

Results
Calculated (dBA) Noise Limits (dBA) Noise Limit Exceedance (dBA)

Day Evening Night Day Evening Night
Equipment *Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq
Impact Pile Driver 88.6 81.6 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Crane 67.9 59.9 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Tractor 71.3 67.4 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Pickup Truck 62.3 58.4 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Pickup Truck 62.3 58.4 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Total 88.6 81.8 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.



---- Receptor #4 ----
Baselines (dBA)

Description Land Use Daytime Evening Night
West Residential 1 1 1

Equipment
Spec Actual Receptor Estimated

Impact Lmax Lmax Distance Shielding
Description Device Usage(%) (dBA) (dBA) (feet) (dBA)
Impact Pile Driver Yes 20 101.3 750 0
Crane No 16 80.6 150 0
Tractor No 40 84 150 0
Pickup Truck No 40 75 150 0
Pickup Truck No 40 75 150 0

Results
Calculated (dBA) Noise Limits (dBA) Noise Limit Exceedance (dBA)

Day Evening Night Day Evening Night
Equipment *Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq Lmax Leq
Impact Pile Driver 77.7 70.8 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Crane 71 63 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Tractor 74.5 70.5 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Pickup Truck 65.5 61.5 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Pickup Truck 65.5 61.5 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Total 77.7 74.5 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
*Calculated Lmax is the Loudest value.



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix C 
Air Quality Data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Parenthetical CalEEMod Assumptions  
For: Riverside Groundwater Aquifer Storage and Recovery Project 

Date: November 2011 
 
 
CONSTRUCTION SOURCES 

 
Year Duration (months) Development 
2013 10 months Grading, Building Construction 
2014 4 months Building Construction 

 
Site Grading:  
 

Year Total Acreage 
Disturbed 

Acreage 
Disturbed Daily 

Duration 
(days) 

Soil Hauling 
(cubic yards) 

Soil Balanced 
On-Site (cubic 

yards) 
2013 3 3 183 400,000 60,000 

 
Grading Equipment (URBEMIS2007 Default): 
 

Quantity Type Hours of Daily Operation 
4 Scrapers 8 
1 Rubber Tired Dozer 8 
1 Bulldozer 8 
1 Water Trucks 8 
2 Excavators 8 
2 Tractors 8 

 
Building Construction  
 
Duration: 
 
 130 days 
 
Building Equipment (URBEMIS2007 Default): 
 

Quantity Type Hours of Daily Operation 
1 Pile Driver 8 
1 Crane 4 
1 Tractor/Loader/Backhoe 8 
2 Heavy Trucks 8 

 
 
Sub- Phase 7- Worker Commute 
 
 (CalEEMod default all phases) 
 
Construction Mitigation: 
 

Refer to CalEEMod file output. 
 



Trips and VMT - worst-case disposal location (San Timoteo Landfill)

Project Characteristics - 

Land Use - 

Construction Phase - Estimated construction schedule

Off-road Equipment - proposed load factors

Off-road Equipment - proposed load factors

Grading - 3 total disturbed acres

Climate Zone 10 2.2

Precipitation Freq (Days)

1.3 User Entered Comments 31

1.2 Other Project Characteristics
Utility CompanyUrbanization Urban Wind Speed (m/s)

1.1 Land Usage

Land Uses Size Metric

User Defined 0 User Defined Unit

CalEEMod Version: CalEEMod.2011.1.1 Date: 11/16/2011

North Aquifer Storage and Recovery Project
South Coast Air Basin, Summer

1.0 Project Characteristics
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2.2 Overall Operational

Unmitigated Operational

NA NA NA NA NA NANA NA NA NA NA NA

5,657.94 0.00 0.40 0.00 5,666.40

Total NA NA NA NA

1.45 1.45 0.00 1.45 1.45 0.002014 4.56 35.63 16.18 0.05 0.00

0.00 24,165.65 0.00 1.41 0.00 24,195.35515.62 7.73 523.35 1.59 7.42 9.01

N2O CO2e

Year lb/day lb/day

2013 20.06 182.93 100.08 0.23

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2 CH4

Mitigated Construction

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total Fugitive 
PM2.5

NA NA NA NA NANA NA NA NA NA NATotal NA NA NA NA NA

0.00 5,657.94 0.00 0.40 0.00 5,666.400.00 1.45 1.45 0.00 1.45 1.45

24,165.65 0.00 1.41 0.00 24,195.35

2014 4.56 35.63 16.18 0.05

7.73 707.00 3.50 7.42 10.92 0.002013 20.06 182.93 100.08 0.23 699.27

NBio- CO2 Total CO2 CH4 N2O CO2e

Year lb/day lb/day

Exhaust 
PM10

PM10 Total Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2ROG NOx CO SO2 Fugitive 
PM10

Construction Off-road Equipment Mitigation - 

2.0 Emissions Summary

2.1 Overall Construction (Maximum Daily Emission)

Unmitigated Construction
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Water Exposed Area

Water Unpaved Roads

3.0 Construction Detail

3.1 Mitigation Measures Construction

Replace Ground Cover

0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00

Total 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00Mobile 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.000.00 0.00 0.00 0.00

0.00 0.00 0.00

Energy 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00Area 0.00 0.00 0.00 0.00

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2

Mitigated Operational

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total

0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00

Total 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00Mobile 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.000.00 0.00 0.00 0.00

0.00 0.00 0.00

Energy 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00Area 0.00 0.00 0.00 0.00

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total
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Mitigated Construction On-Site

14,136.33 0.48 14,146.283.82 696.81 0.15 3.52 3.67Total 9.51 93.50 55.71 0.13 692.99

268.16 0.02 268.490.33 0.01 0.34 0.00 0.01 0.01

0.00 0.00 0.00

Worker 0.14 0.14 1.61 0.00

0.00 0.00 0.00 0.00 0.00Vendor 0.00 0.00 0.00 0.00 0.00

13,868.17 0.46 13,877.79692.66 3.81 696.47 0.15 3.51 3.66

N2O CO2e

Category lb/day lb/day

Hauling 9.37 93.36 54.10 0.13

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2 CH4

Unmitigated Construction Off-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total Fugitive 
PM2.5

10,029.32 0.94 10,049.073.91 10.20 3.35 3.91 7.26Total 10.55 89.43 44.38 0.09 6.29

10,029.32 0.94 10,049.073.91 3.91 3.91 3.91

0.00

Off-Road 10.55 89.43 44.38 0.09

0.00 6.29 3.35 0.00 3.35Fugitive Dust 6.29

NBio- CO2 Total CO2 CH4 N2O CO2e

Category lb/day lb/day

Exhaust 
PM10

PM10 Total Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2ROG NOx CO SO2 Fugitive 
PM10

Reduce Vehicle Speed on Unpaved Roads

Clean Paved Roads

3.2 Grading - 2013

Unmitigated Construction On-Site
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5,657.94 0.43 5,666.931.63 1.63 1.63 1.63

5,657.94 0.43 5,666.93

Total 4.82 39.52 16.62 0.05

1.63 1.63 1.63 1.63Off-Road 4.82 39.52 16.62 0.05

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2

3.3 Building Construction - 2013

Unmitigated Construction On-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total

14,136.33 0.48 14,146.28512.93 3.82 516.76 0.15 3.52 3.67

268.16 0.02 268.49

Total 9.51 93.50 55.71 0.13

0.01 0.26 0.00 0.01 0.01Worker 0.14 0.14 1.61 0.00 0.24

0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

13,868.17 0.46 13,877.79

Vendor 0.00 0.00 0.00 0.00

3.81 516.50 0.15 3.51 3.66Hauling 9.37 93.36 54.10 0.13 512.69

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2

Mitigated Construction Off-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total

0.00 10,029.32 0.94 10,049.072.69 3.91 6.60 1.43 3.91 5.34

10,029.32 0.94 10,049.07

Total 10.55 89.43 44.38 0.09

3.91 3.91 3.91 3.91 0.00Off-Road 10.55 89.43 44.38 0.09

0.002.69 0.00 2.69 1.43 0.00 1.43

N2O CO2e

Category lb/day lb/day

Fugitive Dust

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2 CH4ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total Fugitive 
PM2.5
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0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00

Vendor 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00Hauling 0.00 0.00 0.00 0.00 0.00

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2

Mitigated Construction Off-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total

0.00 5,657.94 0.43 5,666.931.63 1.63 1.63 1.63

5,657.94 0.43 5,666.93

Total 4.82 39.52 16.62 0.05

1.63 1.63 1.63 1.63 0.00Off-Road 4.82 39.52 16.62 0.05

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2

Mitigated Construction On-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total

0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00

Total 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00Worker 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00

Vendor 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00Hauling 0.00 0.00 0.00 0.00 0.00

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2

Unmitigated Construction Off-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total
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CH4 N2O CO2eFugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2

Mitigated Construction On-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total

0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00

Total 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00Worker 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00

Vendor 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00Hauling 0.00 0.00 0.00 0.00 0.00

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2

Unmitigated Construction Off-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total

5,657.94 0.40 5,666.401.45 1.45 1.45 1.45

5,657.94 0.40 5,666.40

Total 4.56 35.63 16.18 0.05

1.45 1.45 1.45 1.45Off-Road 4.56 35.63 16.18 0.05

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2

3.3 Building Construction - 2014

Unmitigated Construction On-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total

0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00

Total 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00Worker 0.00 0.00 0.00 0.00 0.00
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0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00

Total 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00Worker 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00

Vendor 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00Hauling 0.00 0.00 0.00 0.00 0.00

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2

Mitigated Construction Off-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total

0.00 5,657.94 0.40 5,666.401.45 1.45 1.45 1.45

5,657.94 0.40 5,666.40

Total 4.56 35.63 16.18 0.05

1.45 1.45 1.45 1.45 0.00Off-Road 4.56 35.63 16.18 0.05

Category lb/day lb/day
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CalEEMod Version: CalEEMod.2011.1.1 Date: 11/16/2011

North Aquifer Storage and Recovery Project
South Coast Air Basin, Winter

1.0 Project Characteristics

1.1 Land Usage

Land Uses Size Metric

User Defined 0 User Defined Unit

1.2 Other Project Characteristics
Utility CompanyUrbanization Urban Wind Speed (m/s)

Climate Zone 10 2.2

Precipitation Freq (Days)

1.3 User Entered Comments 31

Project Characteristics - 

Land Use - 

Construction Phase - Estimated construction schedule

Off-road Equipment - proposed load factors

Off-road Equipment - proposed load factors

Grading - 3 total disturbed acres

Trips and VMT - worst-case disposal location (San Timoteo Landfill)
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Construction Off-road Equipment Mitigation - 

2.0 Emissions Summary

2.1 Overall Construction (Maximum Daily Emission)

Unmitigated Construction

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2ROG NOx CO SO2 Fugitive 
PM10

NBio- CO2 Total CO2 CH4 N2O CO2e

Year lb/day lb/day

Exhaust 
PM10

PM10 Total

2013 20.40 187.18 106.05 0.23 699.27 7.78 707.06 3.50 7.47 10.98 0.00 24,033.29 0.00 1.43 0.00 24,063.34

2014 4.56 35.63 16.18 0.05 0.00 1.45 1.45 0.00 1.45 1.45 0.00 5,657.94 0.00 0.40 0.00 5,666.40

NA NATotal NA NA NA NA NA NA NA NA NA NANA NA NA NA

Mitigated Construction

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2 CH4 N2O CO2e

Year lb/day lb/day

2013 20.40 187.18 106.05 0.23 515.62 7.78 523.40 1.59 7.47 9.06 0.00 24,033.29 0.00 1.43 0.00 24,063.34

2014 4.56 35.63 16.18 0.05 0.00 1.45 1.45 0.00 1.45 1.45 0.00 5,657.94 0.00 0.40 0.00 5,666.40

Total NA NA NA NA NA NA NA NA NA NA

3.0 Construction Detail

NA NA NA NA NA NA
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3.1 Mitigation Measures Construction

Replace Ground Cover

Water Exposed Area

Water Unpaved Roads

Reduce Vehicle Speed on Unpaved Roads

Clean Paved Roads

3.2 Grading - 2013

Unmitigated Construction On-Site

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2ROG NOx CO SO2 Fugitive 
PM10

NBio- CO2 Total CO2 CH4 N2O CO2e

Category lb/day lb/day

Exhaust 
PM10

PM10 Total

Fugitive Dust 6.29 0.00 6.29 3.35 0.00 3.35 0.00

Off-Road 10.55 89.43 44.38 0.09 3.91 3.91 3.91 3.91 10,029.32 0.94 10,049.07

7.26Total 10.55 89.43 44.38 0.09 6.29 10,029.32 0.94 10,049.073.91 10.20 3.35 3.91

Unmitigated Construction Off-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2 CH4 N2O CO2e

Category lb/day lb/day

Hauling 9.71 97.60 60.16 0.13 692.66 3.87 696.53 0.15 3.56 3.71 13,758.25 0.48 13,768.24

Vendor 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Worker 0.15 0.16 1.51 0.00 0.33 0.01 0.34 0.00 0.01 0.01 245.72 0.01 246.03

3.72Total 9.86 97.76 61.67 0.13 692.99 14,003.97 0.49 14,014.273.88 696.87 0.15 3.57

Mitigated Construction On-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2 CH4 N2O CO2e

Category lb/day lb/day

Fugitive Dust 2.69 0.00 2.69 1.43 0.00 1.43 0.00

Off-Road 10.55 89.43 44.38 0.09 3.91 3.91 3.91 3.91 0.00 10,029.32 0.94 10,049.07

Total 10.55 89.43 44.38 0.09 10,049.072.69 3.91 6.60 1.43 3.91 5.34

Exhaust 
PM10

PM10 Total

0.00 10,029.32 0.94

NBio- CO2 Total CO2

Mitigated Construction Off-Site

ROG NOx CO SO2 Fugitive 
PM10

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2

Hauling 9.71 97.60 60.16 0.13 512.69 3.87 516.56 0.15 3.56 3.71 13,758.25 0.48 13,768.24

Vendor 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Worker 0.15 0.16 1.51 0.00 0.24 0.01 0.26 0.00 0.01 0.01 245.72 0.01 246.03

Total 9.86 97.76 61.67 0.13 14,014.27512.93 3.88 516.82 0.15 3.57 3.72 14,003.97 0.49

3.3 Building Construction - 2013

Unmitigated Construction On-Site
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Exhaust 
PM10

PM10 Total NBio- CO2 Total CO2ROG NOx CO SO2 Fugitive 
PM10

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2

Off-Road 4.82 39.52 16.62 0.05 1.63 1.63 1.63 1.63 5,657.94 0.43 5,666.93

Total 4.82 39.52 16.62 0.05 5,666.931.63 1.63 1.63 1.63

Exhaust 
PM10

PM10 Total

5,657.94 0.43

NBio- CO2 Total CO2

Unmitigated Construction Off-Site

ROG NOx CO SO2 Fugitive 
PM10

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2

Hauling 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Vendor 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Worker 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

Exhaust 
PM10

PM10 Total

0.00 0.00

NBio- CO2 Total CO2

Mitigated Construction On-Site

ROG NOx CO SO2 Fugitive 
PM10

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2

Off-Road 4.82 39.52 16.62 0.05 1.63 1.63 1.63 1.63 0.00 5,657.94 0.43 5,666.93

Total 4.82 39.52 16.62 0.05 5,666.931.63 1.63 1.63 1.63 0.00 5,657.94 0.43
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Exhaust 
PM10

PM10 Total NBio- CO2 Total CO2

Mitigated Construction Off-Site

ROG NOx CO SO2 Fugitive 
PM10

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2

Hauling 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Vendor 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Worker 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

Exhaust 
PM10

PM10 Total

0.00 0.00

NBio- CO2 Total CO2

3.3 Building Construction - 2014

Unmitigated Construction On-Site

ROG NOx CO SO2 Fugitive 
PM10

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2

Off-Road 4.56 35.63 16.18 0.05 1.45 1.45 1.45 1.45 5,657.94 0.40 5,666.40

Total 4.56 35.63 16.18 0.05 5,666.401.45 1.45 1.45 1.45

Exhaust 
PM10

PM10 Total

5,657.94 0.40

NBio- CO2 Total CO2

Unmitigated Construction Off-Site

ROG NOx CO SO2 Fugitive 
PM10

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2

Hauling 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Vendor 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Worker 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

Exhaust 
PM10

PM10 Total

0.00 0.00

NBio- CO2 Total CO2

Mitigated Construction On-Site

ROG NOx CO SO2 Fugitive 
PM10

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2

Off-Road 4.56 35.63 16.18 0.05 1.45 1.45 1.45 1.45 0.00 5,657.94 0.40 5,666.40

Total 4.56 35.63 16.18 0.05 5,666.401.45 1.45 1.45 1.45

Exhaust 
PM10

PM10 Total

0.00 5,657.94 0.40

NBio- CO2 Total CO2

Mitigated Construction Off-Site

ROG NOx CO SO2 Fugitive 
PM10

CH4 N2O CO2e

Category lb/day lb/day

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2

Hauling 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Vendor 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Worker 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Trips and VMT - worst-case disposal location (San Timoteo Landfill)

Construction Off-road Equipment Mitigation - 

Project Characteristics - 

Land Use - 

Construction Phase - Estimated construction schedule

Off-road Equipment - proposed load factors

Off-road Equipment - proposed load factors

Grading - 3 total disturbed acres

Climate Zone 10 2.2

Precipitation Freq (Days)

1.3 User Entered Comments 31

1.2 Other Project Characteristics
Utility CompanyUrbanization Urban Wind Speed (m/s)

1.1 Land Usage

Land Uses Size Metric

User Defined 0 User Defined Unit

CalEEMod Version: CalEEMod.2011.1.1 Date: 11/16/2011

North Aquifer Storage and Recovery Project
South Coast Air Basin, Annual

1.0 Project Characteristics

 1 of 6 



Water Exposed Area

Water Unpaved Roads

Reduce Vehicle Speed on Unpaved Roads

Clean Paved Roads

3.0 Construction Detail

3.1 Mitigation Measures Construction

Replace Ground Cover

0.00 2,334.15 2,334.15 0.14 0.00 2,337.1442.40 0.80 43.20 0.15 0.78 0.92

192.43 192.43 0.01 0.00 192.72

Total 2.16 19.13 10.58 0.02

0.05 0.05 0.00 0.05 0.05 0.002014 0.17 1.34 0.61 0.00 0.00

0.00 2,141.72 2,141.72 0.13 0.00 2,144.4242.40 0.75 43.15 0.15 0.73 0.87

N2O CO2e

Year tons/yr MT/yr

2013 1.99 17.79 9.97 0.02

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2 CH4

Mitigated Construction

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total Fugitive 
PM2.5

2,334.15 2,334.15 0.14 0.00 2,337.140.80 58.33 0.32 0.78 1.10 0.00Total 2.16 19.13 10.58 0.02 57.53

0.00 192.43 192.43 0.01 0.00 192.720.00 0.05 0.05 0.00 0.05 0.05

2,141.72 2,141.72 0.13 0.00 2,144.42

2014 0.17 1.34 0.61 0.00

0.75 58.28 0.32 0.73 1.05 0.002013 1.99 17.79 9.97 0.02 57.53

NBio- CO2 Total CO2 CH4 N2O CO2e

Year tons/yr MT/yr

Exhaust 
PM10

PM10 Total Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2ROG NOx CO SO2 Fugitive 
PM10

2.0 Emissions Summary

2.1 Overall Construction

Unmitigated Construction
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0.00 832.28 832.28 0.08 0.00 833.920.25 0.36 0.61 0.13 0.36 0.49

832.28 832.28 0.08 0.00 833.92

Total 0.96 8.18 4.06 0.01

0.36 0.36 0.36 0.36 0.00Off-Road 0.96 8.18 4.06 0.01

0.00 0.00 0.00 0.00 0.00 0.000.25 0.00 0.25 0.13 0.00 0.13

N2O CO2e

Category tons/yr MT/yr

Fugitive Dust

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2 CH4

Mitigated Construction On-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total Fugitive 
PM2.5

1,168.32 1,168.32 0.04 0.00 1,169.170.35 57.30 0.01 0.32 0.34 0.00Total 0.89 8.52 5.45 0.01 56.95

0.00 20.96 20.96 0.00 0.00 20.990.03 0.00 0.03 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

Worker 0.01 0.01 0.14 0.00

0.00 0.00 0.00 0.00 0.00 0.00Vendor 0.00 0.00 0.00 0.00 0.00

0.00 1,147.36 1,147.36 0.04 0.00 1,148.1856.92 0.35 57.27 0.01 0.32 0.34

N2O CO2e

Category tons/yr MT/yr

Hauling 0.88 8.51 5.31 0.01

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2 CH4

Unmitigated Construction Off-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total Fugitive 
PM2.5

832.28 832.28 0.08 0.00 833.920.36 0.94 0.31 0.36 0.67 0.00Total 0.96 8.18 4.06 0.01 0.58

0.00 832.28 832.28 0.08 0.00 833.920.36 0.36 0.36 0.36

0.00 0.00 0.00 0.00 0.00

Off-Road 0.96 8.18 4.06 0.01

0.00 0.58 0.31 0.00 0.31 0.00Fugitive Dust 0.58

NBio- CO2 Total CO2 CH4 N2O CO2e

Category tons/yr MT/yr

Exhaust 
PM10

PM10 Total Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2ROG NOx CO SO2 Fugitive 
PM10

3.2 Grading - 2013

Unmitigated Construction On-Site
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0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

Total 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00Worker 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

Vendor 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00Hauling 0.00 0.00 0.00 0.00 0.00

CH4 N2O CO2e

Category tons/yr MT/yr

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2

Unmitigated Construction Off-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total

0.00 141.11 141.11 0.01 0.00 141.340.04 0.04 0.04 0.04

141.11 141.11 0.01 0.00 141.34

Total 0.13 1.09 0.46 0.00

0.04 0.04 0.04 0.04 0.00Off-Road 0.13 1.09 0.46 0.00

CH4 N2O CO2e

Category tons/yr MT/yr

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2

3.3 Building Construction - 2013

Unmitigated Construction On-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total

0.00 1,168.32 1,168.32 0.04 0.00 1,169.1742.15 0.35 42.50 0.01 0.32 0.34

20.96 20.96 0.00 0.00 20.99

Total 0.89 8.52 5.45 0.01

0.00 0.02 0.00 0.00 0.00 0.00Worker 0.01 0.01 0.14 0.00 0.02

0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

1,147.36 1,147.36 0.04 0.00 1,148.18

Vendor 0.00 0.00 0.00 0.00

0.35 42.48 0.01 0.32 0.34 0.00Hauling 0.88 8.51 5.31 0.01 42.13

CH4 N2O CO2e

Category tons/yr MT/yr

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2

Mitigated Construction Off-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total
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0.00 192.43 192.43 0.01 0.00 192.720.05 0.05 0.05 0.05

192.43 192.43 0.01 0.00 192.72

Total 0.17 1.34 0.61 0.00

0.05 0.05 0.05 0.05 0.00Off-Road 0.17 1.34 0.61 0.00

CH4 N2O CO2e

Category tons/yr MT/yr

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2

3.3 Building Construction - 2014

Unmitigated Construction On-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total

0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

Total 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00Worker 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

Vendor 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00Hauling 0.00 0.00 0.00 0.00 0.00

CH4 N2O CO2e

Category tons/yr MT/yr

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2

Mitigated Construction Off-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total

0.00 141.11 141.11 0.01 0.00 141.340.04 0.04 0.04 0.04

141.11 141.11 0.01 0.00 141.34

Total 0.13 1.09 0.46 0.00

0.04 0.04 0.04 0.04 0.00Off-Road 0.13 1.09 0.46 0.00

CH4 N2O CO2e

Category tons/yr MT/yr

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2

Mitigated Construction On-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total
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0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

Total 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00Worker 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00

Vendor 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00Hauling 0.00 0.00 0.00 0.00 0.00

CH4 N2O CO2e

Category tons/yr MT/yr

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total

Bio- CO2 NBio- CO2 Total CO2

Mitigated Construction Off-Site

ROG NOx CO SO2 Fugitive 
PM10

Exhaust 
PM10

PM10 Total

0.00 192.43 192.43 0.01 0.00 192.720.05 0.05 0.05 0.05

192.43 192.43 0.01 0.00 192.72

Total 0.17 1.34 0.61 0.00

0.05 0.05 0.05 0.05 0.00Off-Road 0.17 1.34 0.61 0.00

CH4 N2O CO2e

Category tons/yr MT/yr

Fugitive 
PM2.5

Exhaust 
PM2.5

PM2.5 
Total
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Section 1 Introduction 

This report contains the findings of RBF Consulting’s (RBF) Habitat Assessment for the 
Riverside North Aquifer Storage and Recovery Project (project) located in the City of Colton in 
San Bernardino County, California. The assessment is based on field work conducted in 2009, 
2013, and 2014 to identify sensitive habitats and/or species potentially occurring within the 
boundaries of the project site or adjacent to the project boundary that could pose a constraint to 
development.  
 
Special attention was given to the suitability of the habitat within and surrounding the project 
boundary to support several federally and State listed species including burrowing owl (Athene 
cunicularia) (BUOW), a California species of special concern; San Bernardino kangaroo rat 
(Dipodomys merriami parvus) (SBKR), a federally endangered species and California species of 
special concern; southwestern willow flycatcher (Empidonax traillii extimus) (SWWF), a 
federally and State endangered species; Santa Ana River woolly-star (Eriastrum densifolium ssp. 
sanctorum) (SARW), a federally and State endangered species; Delhi Sands flower-loving fly 
(Rhaphiomidas terminatus abdominalis) (DSF), a federally endangered species; and least Bell’s 
vireo (Vireo bellii pusillus) (LBVI), a federally and State endangered species. In addition, 
indirect project impacts were assessed for downstream impacts to riparian habitat and in-stream 
habitats including habitat for Santa Ana sucker (Catostomus santaanae) (SASU), a federally 
threatened species and California species of special concern. 

1.1 PROJECT LOCATION 

The survey area is located in the southern portion of the City of Colton and north of the City of 
Grand Terrace in southwestern San Bernardino County, California (Exhibit 1, Regional Vicinity) 
where it encompasses approximately 358 acres, including the Santa Ana River (SAR). The 
project site is depicted on the San Bernardino South United States Geological Survey (USGS) 
7.5-minute quadrangle within an unsectioned portion of Township 1 south, Range 4 west 
(Exhibit 2, Site Vicinity). The survey area is located southwest of the intersection of the San 
Bernardino (I-10) and Riverside (I-215) freeway interchanges (Exhibit 3, Project Site and Survey 
Area). The survey area is accessed regionally via Interstate 10. Roadways proving vehicular 
access to the survey area include East Congress Street and Mt. Vernon Avenue.  

1.2 PROJECT BACKGROUND AND DESCRIPTION 

The proposed project is an undertaking by the City of Riverside and its project partners, San 
Bernardino Valley Municipal Water District (SBVMWD) and Western Municipal Water District 
(WMWD). The project is designed to recharge the groundwater aquifers of the Riverside and 
Colton groundwater basins by capturing stream runoff from the Santa Ana River. The project’s  
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intended purpose includes recharging the Riverside and Colton basins, improvement of the 

groundwater quality in the Riverside and Colton basins, reduced dependence on imported water 

through increased storage, assurance that historical levels of production are maintained, to 

increase future water supplies from Riverside and Colton groundwater basins, and the creation of 

additional groundwater recharge basins along the Santa Ana River within the project area. In 

addition, the proposed project would replenish groundwater in close proximity to the City of 

Colton Wells 30 and 31, Riverside Highland Water Company wells located east of the river, and 

the City of Riverside’s Flume wells, which convey supply directly to the John W. North Water 

Treatment Plant. Lastly, the recharge associated with this project may assist SBVMWD in 

meeting its obligations under the 1969 Western Judgment (i.e. to maintain water levels in the 

Colton and Riverside North Basins) and WMWD in meeting its obligation under the 1969 

Western Judgment (i.e., deliver imported water in the Colton and Riverside Basins if the excess 

extractions by water users within Western and other obligations exceed Western’s Base Rights 

and other credits in the Basins and if Valley District is not meeting its Base Flow obligation at 

the Riverside Narrows).  

  

The project site is located south of the Mt. Vernon Avenue bridge, where the Santa Ana River 

transitions from a concrete-lined channel to a soft bottom river. The soft bottom allows for the 

infiltration of water through the ground surface to recharge the underlying groundwater aquifers. 

The project would include in-stream impoundment behind a proposed inflatable dam and off-

stream infiltration basins.  

  

The proposed in-stream impoundment area would be located along a 24-acre segment of the 

Santa Ana River that contains engineered levees containing grout aprons on the west and east 

river banks. These grout aprons may need to be modified to U.S. Army Corps of Engineer 

(Corps) standards before recharge could occur. A buried 42-inch diameter steel casing adjacent 

to the inflatable dam is proposed, which would allow utility crossing at this location.  

  

The project’s off-stream component would include three (3) to eight (8) roughly consecutive 

basins where water impounded behind the dam could be diverted to replenish the groundwater 

aquifer. The existing State Water Project (SWP) connection located on the eastern bank of the 

Santa Ana River adjacent to the railroad right-of-way would be extended, giving the project 

partners the future option to recharge the proposed basins with imported water or convey 

imported water into the Riverside Canal. The recharge of imported water is not being proposed at 

this time; however, the extension of the SWP pipeline as a future option is included.  

  

The project includes a diversion structure and pipeline to convey surface water to the Riverside 

Canal. A single diversion structure is proposed for the project, which would convey surface 

water from behind the inflatable dam to both the off-stream basins and to the Riverside Canal. 

The diversion structure will be located just upstream of the inflatable dam. An existing pipeline 
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(i.e. the Riverside Canal pipeline) that conveys non-potable groundwater to the headworks of the 

Riverside Canal generally trends north-south through the project area between the proposed off-

stream basins and the Santa Ana River. The Riverside Canal pipeline would be used to convey 

surface water from the diversion structure to the Riverside Canal.  

  

The proposed off-stream water impoundment area encompasses approximately 44.1 acres of 

contiguous land, all of which is undeveloped, consisting of vacant land and several dirt roads 

accessing groundwater wells owned and operated by the City of Riverside. In addition, a 

Southern California Edison substation is located to the northeast of the project area. Electrical 

transmission tower easements associated with the facility traverse the project area and 

surrounding properties in a north-south direction. The project site is currently surrounded by 

undeveloped properties to the north and west and the Cooley Ranch Planned Development to the 

east (on the east side of the Santa Ana River).  

  

It is anticipated that the inflatable dam will be operated to capture storm water during most of the 

winter and spring because this is the most common period for storm/rain events in the region. 

However, the dam would be active whenever storm water is flowing in this section of the river 

during any given month. Once flows exceed 1,500 cubic feet per second (cfs), the rubber dam 

will be lowered to let these flows continue unhindered downstream. The dam would be raised 

again when flows decrease to less than 1,500 cfs. The in-stream and off-stream recharge basins 

will be capable of capturing a portion of the flows (approximately 200 cfs) and will allow excess 

flows to overflow the rubber dam and travel downstream.  
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Section 2 Regulatory Background 

There are several overlying federal, state, and local biological resources regulations and policies 
that pertain to this project. These policies are summarized below, along with a brief description 
of how they relate to the proposed project’s planning, permitting, and implementation. 

2.1 FEDERAL REGULATIONS 

Endangered Species Act of 1973 

Federally listed threatened and endangered species and their habitats are protected under 
provisions of the Federal Endangered Species Act (ESA). Section 9 of the ESA prohibits “take” 
of threatened or endangered species. “Take” under the ESA is defined as to “harass, harm, 
pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to engage in any of the 
specifically enumerated conduct.” The presence of any federally threatened or endangered 
species that are in a project area generally imposes severe constraints on development, 
particularly if development would result in “take” of the species or its habitat. Under the 
regulations of the ESA, the U.S. Fish and Wildlife Service (USFWS) may authorize “take” when 
it is incidental to, but not the purpose of, an otherwise lawful act. 
 
Under the ESA, “Critical Habitat” is also designated at the time of listing or within one year of 
listing. “Critical Habitat” refers to habitat or a specific geographic area that contains the elements 
and features that are essential for the survival and recovery of the species. In the event that a 
project has a federal nexus (i.e. federally issued permit, federal funding, federal lands) and may 
result in adverse effects to a species’ designated Critical Habitat, the project proponent will be 
required to enter into Section 7 informal and/or formal consultations with the USFWS to obtain a 
biological opinion addressing incidental take of the species and modification of designated 
Critical Habitat. The project proponent also may be required to engage in suitable mitigation.  
 
The proposed project is located within and adjacent to several overlapping areas that have been 
designated Critical Habitat. Direct or indirect adverse impacts to these areas known or presumed 
to support federally listed species or impacts to any State or federally listed species may trigger 
the requirement for State and/or federal incidental take permits. 
 
Migratory Bird Treaty Act 

The Migratory Bird Treaty Act (MBTA) (16 U.S. Government Code [USC] 703) makes it 
unlawful to pursue, capture, kill, or possess or attempt to do the same to any migratory bird or 
part, nest, or egg of any such bird listed in wildlife protection treaties between the United States, 
Great Britain, Mexico, Japan, and the countries of the former Soviet Union, and authorizes the 
U.S. Secretary of the Interior to protect and regulate the taking of migratory birds. It establishes 
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seasons and bag limits for hunted species and protects migratory birds, their occupied nests, and 
their eggs (16 USC 703; 50 CFR 10, 21).  
 
The proposed project would be located within and adjacent to suitable nesting habitat for a 
variety of avian species, including special-status and listed species. In order to demonstrate 
compliance with the MBTA, the project proponent may be required to conduct preconstruction 
nesting surveys if construction is to occur during the nesting season. 
 
Section 404 of the Clean Water Act 

The Corps regulates discharges of dredged or fill material into waters of the United States. The 
Corps typically regulates “waters of the United States” as any body of water displaying an 
ordinary high water mark (OHWM). Waters of the United States include wetlands and non-
wetland bodies of water that meet specific criteria. The Corps’ regulatory jurisdiction pursuant to 
Section 404 of the Federal Clean Water Act (CWA) is founded on a connection, or nexus, 
between the water body in question and interstate commerce. This connection may be direct 
through a tributary system linking a stream channel with traditional navigable waters used in 
interstate or foreign commerce, or may be indirect, through a nexus identified in the Corps 
regulations. 
 
In March 2012, the Corps reissued all existing nationwide permits (NWPs), general conditions, 
and definitions, with some modifications. The effective date for the new and reissued NWPs was 
March 19, 2012. These NWPs will expire on March 18, 2017. The NWPs will protect the aquatic 
environment and the public interest while effectively authorizing activities that have minimal 
individual and cumulative adverse effects on the aquatic environment.  
 
The 2007 Supreme Court’s decision in the consolidated cases Rapanos v. United States and 
Carabell v. United States (herein referred to simply as “Rapanos”) addressed the jurisdiction 
over waters of the United States under the CWA. Congress enacted the CWA “to restore and 
maintain the chemical, physical, and biological integrity of the Nation's waters.” One of the 
mechanisms adopted by Congress to achieve that purpose is a prohibition on the discharge of any 
pollutants, including dredged or fill material, into “navigable waters” except in compliance with 
other specified sections of the Act. In most cases, this means compliance with a permit issued 
pursuant to CWA Section 402 or 404. The Act defines the term “discharge of a pollutant” as 
“any addition of any pollutant to navigable waters from any point source and provides that “the 
term ‘navigable waters’ means the waters of the United States, including the territorial seas.”  
 
In Rapanos, the Supreme Court addressed where the federal government can apply the Clean 
Water Act, specifically by determining whether a wetland or tributary is a “water of the United 
States.” The justices issued five separate opinions in Rapanos (one plurality opinion, two 
concurring opinions, and two dissenting opinions), with no single opinion commanding a 
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majority of the Court. In the Rapanos Decision four justices, in a plurality opinion authored by 
Justice Scalia, rejected the argument that the term “waters of the United States” is limited to only 
those waters that are navigable in the traditional sense and their abutting wetlands. However, the 
plurality concluded that the agencies’ regulatory authority should extend only to “relatively 
permanent, standing or continuously flowing bodies of water” connected to traditional navigable 
waters, and to “wetlands with a continuous surface connection to” such relatively permanent 
waters.  
 
The agencies will assert jurisdiction over the following waters:  
 

 Traditional navigable waters;  
 Wetlands adjacent to traditional navigable waters;  
 Non-navigable tributaries of traditional navigable waters that are relatively permanent 

where the tributaries typically flow year-round or have continuous flow at least 
seasonally (e.g., typically 3 months); and,  

 Wetlands that directly abut such tributaries.  
 
The agencies will decide jurisdiction over the following waters based on a fact-specific analysis 
to determine whether they have a significant nexus with a traditional navigable water:  
 

 Non-navigable tributaries that are not relatively permanent;  
 Wetlands adjacent to non-navigable tributaries that are not relatively permanent; and,  
 Wetlands adjacent to but that do not directly abut a relatively permanent non-navigable 

tributary.  
 
The agencies generally will not assert jurisdiction over the following features:  
 

 Swales or erosional features (e.g., gullies, small washes characterized by low volume, 
infrequent, or short duration flow); and, 

 Ditches (including roadside ditches) excavated wholly in and draining only uplands and 
that do not carry a relatively permanent flow of water.  

 
The agencies will apply the significant nexus standard as follows:  
 

 A significant nexus analysis will assess the flow characteristics and functions of the 
tributary itself and the functions performed by all wetlands adjacent to the tributary to 
determine if they significantly affect the chemical, physical and biological integrity of 
downstream traditional navigable waters.  

 Significant nexus includes consideration of hydrologic and ecologic factors. 
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The proposed project is located within the Santa Ana River, which qualifies as a Water of the 
U.S., regulated by the Corps. Impacts to this waterway will require a CWA Section 404 permit.  
 
Section 401 of the Clean Water Act 

Applicants for a federal license or permit for activities which may discharge to waters of the US 
must seek Water Quality Certification from the state or Indian tribe with jurisdiction. Such 
Certification is based on a finding that the discharge will meet water quality standards and other 
applicable requirements. In California, Regional Water Quality Control Boards (Regional 
Boards) issue or deny Certification for discharges within their geographical jurisdiction. Water 
Quality Certification must be based on a finding that the proposed discharge will comply with 
water quality standards, which are defined as numeric and narrative objectives in each Regional 
Board’s Basin Plan. Where applicable, the State Water Resources Control Board has this 
responsibility for projects affecting waters within the jurisdiction of multiple Regional Boards. 
The Regional Board’s jurisdiction extends to all waters of the state and to all waters of the US, 
including wetlands. 
 
Section 401 of the Clean Water Act requires that "any applicant for a federal permit for activities 
that involve a discharge to waters of the State, shall provide the federal permitting agency a 
certification from the State in which the discharge is proposed that states that the discharge will 
comply with the applicable provisions under the federal Clean Water Act." Therefore, before the 
Corps will issue a Section 404 permit, applicants must apply for and receive a Section 401 water 
quality certification from the Regional Board.  

2.2 STATE REGULATIONS 

California Endangered Species Act 

State-listed threatened and endangered species are protected under provisions of the California 
Endangered Species Act (CESA). Activities that may result in “take” of individuals (defined in 
CESA as to “hunt, pursue, catch, capture, or kill, or attempt to hunt, pursue, catch, capture, or 
kill”) are regulated by the California Department of Fish and Wildlife (CDFW). Habitat 
degradation or modification is not included in the definition of “take” under CESA. Nonetheless, 
CDFW has interpreted “take” to include the destruction of nesting, denning, or foraging habitat 
necessary to maintain a viable breeding population of protected species. 
 
The CDFW has also produced a species of special concern list to serve as a species watch list. 
Species on this list are either of limited distribution or their habitats have been reduced 
substantially, such that a threat to their populations may be imminent. Species of special concern 
may receive special attention during environmental review, but they do not have formal statutory 
protection.  
 



Regulatory Background 
 
 

Riverside North Aquifer Storage and Recovery Project 
Habitat Assessment 11 

The proposed project is located within and adjacent to suitable habitat for species protected by 
CDFW. Impacts to State listed species will require an Incidental Take Permit issued by the 
CDFW. 
 
California Environmental Quality Act 

The California Environmental Quality Act (CEQA) provides for the protection of the 
environment within the State of California by establishing State policy to prevent significant, 
avoidable damage to the environment through the use of alternatives or mitigation measures for 
projects. It applies to actions directly undertaken, financed, or permitted by State lead agencies. 
If a project is determined to be subject to CEQA, the lead agency will be required to conduct an 
Initial Study (IS); if the IS determines that the project may have significant impacts on the 
environment, the lead agency will subsequently be required to write an Environmental Impact 
Report (EIR). A finding of non-significant effects will require either a Negative Declaration or a 
Mitigated Negative Declaration instead of an EIR. Section 15380 of the California 
Environmental Quality Act Guidelines independently defines “endangered” and “rare” species 
separately from the definitions in the CESA. Under CEQA, “endangered” species of plants or 
animals are defined as those whose survival and reproduction in the wild are in immediate 
jeopardy, while “rare” species are defined as those who are in such low numbers that they could 
become endangered if their environment worsens. 
 
Fish and Game Code  

Lake and Streambed Alteration Program 

California Fish and Game Code Sections 1600-1616 establish a fee-based process to ensure that 
projects conducted in and around lakes, rivers, or streams do not adversely impact fish and 
wildlife resources, or, when adverse impacts cannot be avoided, ensures that adequate mitigation 
and/or compensation is provided.  

Fish and Game Code Section 1602 requires any person, state, or local governmental agency or 
public utility to notify the CDFW before beginning any activity that will do one or more of the 
following:  

(1) substantially obstruct or divert the natural flow of a river, stream, or lake;  

(2) substantially change or use any material from the bed, channel, or bank of a river, stream, 
or lake; or  

(3) deposit or dispose of debris, waste, or other material containing crumbled, flaked, or 
ground pavement where it can pass into a river, stream, or lake.  
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Fish and Game Code Section 1602 applies to all perennial, intermittent, and ephemeral rivers, 
streams, and lakes in the state. CDFW’s regulatory authority extends to include riparian habitat 
(including wetlands) supported by a river, stream, or lake regardless of the presence or absence 
of hydric soils and saturated soil conditions. Generally, the CDFW takes jurisdiction to the top of 
bank of the stream or to the outer limit of the adjacent riparian vegetation (outer drip line), 
whichever is greater. Notification is generally required for any project that will take place in or 
in the vicinity of a river, stream, lake, or their tributaries. This includes rivers or streams that 
flow at least periodically or permanently through a bed or channel with banks that support fish or 
other aquatic life and watercourses having a surface or subsurface flow that support or have 
supported riparian vegetation. 
 
Division 2, Chapter 5, Article 6, Section 1600 et seq.  

FGC Section 1600 et seq. (as well as other sections of the FGC that relate to streams, such as 
FGC Section 5650 and fishing regulations) jurisdiction is not predicated on the size of a stream; 
identification as a blue line drainage on a USGS topographic map; the morphology of a stream, 
or how well-defined its banks are; or the cross-sectional area occupied by particular flow events 
(such as Ordinary High Watermark or bankfull flow).  Nor does it depend on hydrologic 
connection to another waterbody, the time period between flow events, the constancy of water 
flow, or the presence of specific flora and fauna such as riparian plant species, or fish. 
 
Jurisdiction is not defined by specific flow event nor by the path of surface water as this path 
may vary seasonally.  Rather, it is the Department’s practice to define channel based on the 
topography or elevations of land that confine the water to a definite course when the waters of a 
creek rise to their highest point.  To define jurisdictional boundaries otherwise would result in a 
morass of jurisdictional boundaries that differed from stream to stream, changed with variations 
in channel morphology along the same stream, or that shifted seasonally on any given stream 
along with seasonal changes in flow. 
 
CCR Title 14, Section 1.72 

California Code of Regulations (CCR), Title 14, section 1.72 defines a stream as “…a body of 
water that flows at least periodically or intermittently through a bed or channel having banks and 
supports fish or other aquatic life.  This includes watercourses having surface or subsurface flow 
that supports or has supported riparian vegetation.” 
 
CCR Title 14, Section 1.72 does not pertain to the Department’s jurisdiction as embodied in 
California Fish and Game Code (FGC) section 1600 et seq., and is not the definition of a stream 
used by the Department.   The Section 1.72 definition was developed to address a specific sports 
fish issue that came before the Fish and Game Commission.  While the definition does speak to 
periodic and intermittent flow, section 1.72 is limited to fish-bearing or aquatic life-bearing 
streams. 
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CCR Title 14, Section 1.72 also refers to the current or past presence of riparian vegetation.  
Although, as noted above, section 1.72 does not apply to FGC section 1600 et seq., the 
Department has observed that some Notifications of Lake or Streambed Alteration use the 
presence or absence of iconic riparian vegetation communities to define streams and Department 
jurisdiction.  This approach is meaningless on streams in many dryland environments.  
Moreover, the FGC definition of fish and wildlife – all animals, birds, plants, fish, amphibians, 
invertebrates, reptiles, and related ecological communities, including the habitat upon which they 
depend for continued viability – does not limit the Department’s protection and/or conservation 
authority to one specific type of vegetation community (e.g., iconic riparian). 
 
Rather than limiting Department jurisdiction to fish-bearing streams alone, FGC Chapter 6, Fish 
and Wildlife Protection and Conservation, Section 1600 et seq. was enacted to provide for the 
conservation of fish and wildlife resources associated with stream ecosystems.  The FGC further 
defines fish and wildlife to include: all wild animals, birds, plants, fish, amphibians, 
invertebrates, reptiles, and related ecological communities, including the habitat upon which they 
depend for continued viability (FGC Division 5, Chapter 1, section 45, and Division 2, Chapter 
1, section 711.2(a), respectively).  Fish means wild fish, mollusks, crustaceans, invertebrates, or 
amphibians, including any part, spawn or ova thereof (FGC, Division 5, Chapter 1, section 45). 
 
The proposed project is located within the Santa Ana River, which qualifies as a Water of the 
State, regulated by the CDFW. Impacts to this waterway will require a Section 1602 Streambed 
Alteration Agreement. 

2.3 LOCAL REGULATIONS 

Southern California Association of Government Regional Comprehensive Plan and Guide 

(RCPG)  

Goals and policies from the Growth Management and Open Space Chapters of the RCPG are 
applicable to the proposed project. Focus is placed on providing for the conservation of the 
region’s open space resources with respect to:  
 

 Interconnections among resources; 
 Future land use decisions that will either strengthen or impair the region’s ability to 

sustain the resources; and,  
 Opportunities for inter-jurisdictional planning.  

 
The intent of the RCPG is to conserve regional open space resources in order to ensure 
sustainability of such resources over time. To guide this effort, open space resources are grouped 
into three categories: natural lands, community open space, and farmlands and rangelands.  
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City of Riverside General Plan  

California state planning law requires each City and County to adopt a comprehensive, long-term 
General Plan for the physical development of the area within its jurisdiction and of any land 
outside its boundaries that bears relations to its land use planning activities. The City of 
Riverside General Plan was adopted in November 2007. The General Plan is a long-range 
policy-planning document that defines the framework by which the City’s physical and 
economic resources are to be managed over time. The goals and policies contained in the 
General Plan are provided to guide the City’s decision-makers. The seven State-mandated 
elements are included in the General Plan, including Land Use, Circulation, Housing, 
Conservation, Open Space, Safety, and Noise. In addition, the City of Riverside has also chosen 
to address Arts and Culture, and Education, which are optional elements.  
 
The Open Space and Conservation Element is intended to provide guidance in developing and 
implementing activities that ensure that the protection of Riverside’s open space areas, scenic 
resources and hillsides. The following are relevant goals, objectives, and policies contained 
within the Open Space and Conservation Element:  
 
Objective OS-1: Preserve and expand open space areas and linkages throughout the City 
and sphere of influence to protect the natural and visual character of the community and to 
provide for appropriate active and passive recreational uses.  
 
Policy OS-1.1: Protect and preserve open space and natural habitat wherever possible.  
 
Objective OS-5: Protect biotic communities and critical habitats for endangered species 
throughout the General Plan Area.  
 
Policy OS-5.4: Protect native plant communities in the General Plan Area, including sage scrub, 
riparian areas, and vernal pools, consistent with the MSHCP.  
 
Objective OS-6: Preserve and maintain wildlife movement corridors.  
 
Policy OS-6.1: Protect and enhance known wildlife migratory corridors and create new corridors 
as feasible.  
 
Policy OS-6.2: Support regional and local efforts to acquire, develop and maintain open space 
linkages.  
 
Policy OS-6.3: Preserve the integrity of Riverside’s arroyos and riparian habitat areas through 
the preservation of native plants. 
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Objective OS-7: Turn the Santa Ana River Task Force “Vision” into reality.  
Policy OS-7.3: Preserve and expand open space along the Santa Ana River to protect water 
quality, riparian habitat and recreational uses. 
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Section 3 Methodology 

RBF conducted a thorough literature review and records search to determine which sensitive 
biological resources have the potential to occur on or within the general vicinity of the project 
site. In addition, a general habitat assessment of the proposed project site was conducted. The 
field survey provided information about the existing conditions on the site and potential for 
sensitive biological resources to occur. 

3.1 LITERATURE REVIEW 

Prior to conducting the field visit, a literature review and records search was conducted to 
identify any current and historical occurrences of any sensitive biological resources potentially 
occurring on or within the vicinity of the project site. Previously recorded occurrences of special-
status plant and wildlife species and their proximity to the project site were determined through a 
query of the California Department of Fish and Wildlife’s California Natural Diversity Database 
(CNDDB) Rarefind 5, the California Native Plant Society’s (CNPS) Electronic Inventory of 
Rare and Endangered Vascular Plants of California, Calflora Database, compendia of special-
status species published by CDFW, and USFWS species listings. 
 
Previously prepared reports, survey results, and literature prepared for the project site and 
surrounding areas were reviewed to understand existing conditions and note the extent of any 
disturbances that have occurred to the habitats on-site that would otherwise limit the presence of 
sensitive biological resources throughout the project site. Standard field guides and texts on 
sensitive and non-sensitive biological resources were reviewed for habitat requirements, as well 
as the following resources: 
 

 United States Department of Agriculture (USDA) Natural Resource Conservation Service 
(NRCS), Soil Survey; 

 USFWS Critical Habitat designations for Threatened and Endangered Species;  
 USFWS Endangered Species Profile and Primary Constituent Elements; 
 USFWS Draft Recovery Plan for the Santa Ana sucker (USFWS 2014); and 
 Previously Prepared Reports for the project site: 

o General Biological Resources Habitat Assessment and Focused Survey Report 
(August 2009, Tom Dodson & Associates);  

o Focused San Bernardino Kangaroo Rat Survey Report (June 2009, Tom Dodson 
& Associates);  

o Focused Santa Ana River Woolly-star Report (June 2009 and August 2011, 
Riverside Public Utilities, Water Resources Division);  

o Assessment of the Riverside North Aquifer Storage and Recovery Project on the 
Santa Ana Sucker (May 2011, AECOM);  



Methodology 
 
 

Riverside North Aquifer Storage and Recovery Project 
Habitat Assessment 17 

o Preliminary Delineation of State and Federal Jurisdictional Waters (February 
2009, updated July 2013, RBF Consulting);  

o Habitat Assessment Update for the Riverside North Aquifer Storage and 
Recovery Project Located in the City of Colton, San Bernardino County, 
California (August 2013, RBF Consulting);  

o Riverside North Aquifer Storage and Recovery Project Biological Resources 
Technical Memorandum Draft (November 2014, RBF Consulting); and 

o Delineation of CDFW Jurisdictional Areas (December 2014, RBF Consulting). 
 
The literature review provided a baseline from which to document and analyze those areas on 
and within the immediate vicinity of the project site that provide suitable habitat for sensitive 
species. Additional recorded occurrences of these species found on or near the project site were 
derived from database queries. The CNDDB ArcGIS database was used, in conjunction with 
ArcGIS software, to locate the nearest sensitive species occurrences within the region and 
determine the distance from the project site. 

3.2 GENERAL BIOLOGICAL SURVEY  

On November 18, 2014, RBF biologists Travis J. McGill and Ashley M. Barton conducted a 
general biological survey to document the extent of each plant community previously 
documented as occurring on the project site, and to assess the presence of suitable habitat for 
sensitive species. Plant communities were identified on aerial photographs and were ground-
truthed by walking meandering transects through the plant communities and along the 
boundaries between plant communities. The plant communities were evaluated for their potential 
to support sensitive plant and wildlife species. Notes were taken during the survey of all plant 
and animal species observed and jurisdictional features were identified as well as natural 
corridors that may support the movement of wildlife through the area.  
 
Special attention was paid to sensitive habitats and/or undeveloped areas, which have higher 
potential to support sensitive flora and fauna species. Areas providing suitable habitat for 
sensitive species were closely surveyed during the habitat assessment. All plant and wildlife 
species observed during the habitat assessment, as well as dominant plant species within each 
plant community, were recorded. Wildlife detections were made through observation of scat, 
trails, tracks, burrows, nests, and/or visual and aural observation. In addition, site characteristics 
such as soil condition, topography, presence of indicator species, condition of the plant 
communities, hydrology, and evidence of human use of the site were noted. The plant 
communities were classified in accordance with CDFW (2003) and Holland (1986), delineated 
on an aerial photograph, and then digitized into GIS Arcview. The Arcview application was used 
to compute the area of each plant community in acres. 
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3.2.1 Plant Communities 

Plant communities were mapped using 7.5-minute USGS topographic base maps and aerial 
photography. The plant communities within the project site were classified according to 
CDFW’s List of Terrestrial Natural Communities (2003) and cross-referenced to descriptions 
provided in Holland’s Preliminary Descriptions of the Terrestrial Natural Communities of 
California (1986).  

3.2.2 Plants 

Common plant species observed during the field survey were identified by visual characteristics 
and morphology in the field. Unusual or less familiar plants were identified in the laboratory 
using taxonomic guides. Taxonomic nomenclature used in this report follows the 2012 Jepson 
Manual (Hickman 2012). In this report, scientific names are provided immediately following 
common names of plant species (first reference only). 

3.2.3 Wildlife 

Wildlife species were detected and identified during the field survey by sight, calls, tracks, scat, 
trails, burrows, and nests. Field guides were used to assist with identification of species during 
surveys and included guides such as the National Geographic Field Guide to the Birds of North 
America (2011) for birds and Burt (1986) for mammals. In this report, scientific names are 
provided immediately following common names of wildlife species (first reference only). 

3.2.4 Wildlife Movement/Migration Corridors 

Wildlife movement corridors are defined as areas that connect suitable wildlife habitat areas in a 
region otherwise fragmented by rugged terrain, changes in vegetation, or human disturbance. A 
wildlife corridor is generally represented by a linear patch of habitat that provides a connection 
between two core areas of the same habitat, allowing for the large-scale movement of species 
within their native habitats. Natural features such as canyon drainages, ridgelines, or areas with 
vegetation cover provide corridors for wildlife travel. Wildlife movement corridors are 
important, because they provide access to mates, food, and water; allow the dispersal of 
individuals away from high-population density areas; and facilitate the exchange of genetic traits 
between populations. Wildlife movement corridors are considered sensitive by the County of San 
Bernardino as well as by the resource and conservation agencies. 

3.3 BOTANICAL SURVEYS  

The CNDDB and CNPS botanical record search resulted in twenty (20) special-status plant 
species, five (5) of which were determined to potentially occur on the project site (see Appendix 
A). Botanical surveys were subsequently conducted in 2009, 2011, and 2013. Biologist Ms. C.J. 
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Fotheringham conducted botanical surveys on April 18 and 28, 2009. Ms. Fotheringham 
conducted a 100% coverage pedestrian survey. All plant species were identified in the field or, if 
unknown, were identified later with the aid of The Jepson Manual: Higher Plants of California 
(Hickman 1993), Calflora.org, and other local and regional flora resources, as necessary. 
SARWS was identified on the northern margin of the proposed recharge area during the 2009 
surveys. 
 
Additionally, the City conducted a botanical survey to document additional SARWS individuals 
within the off-channel project site on August 16 and 17, 2011. During the 2011 plant survey, 
thirty-four (34) additional SARWS individuals were recorded within the proposed recharge area, 
along the northern boundaries of the project site.  
 
During RBF’s 2013 habitat assessment, the continued presence of SARWS was documented at 
the locations previously identified in 2009 and 2011. Four (4) additional SARWS locations were 
identified within and along the western bank of the Santa Ana River during the 2013 habitat 
assessment. The botanical surveys conducted in 2009 and 2011 were not conducted in 
accordance with CDFW’s 2009 Protocol for Surveying and Evaluating Impacts to Special Status 
Native Plant Populations and Natural Communities. A focused sensitive plant survey following 
CDFW’s 2009 protocol is recommended prior to the commencement of any ground disturbing 
activities to actually document the presence of SARWS and to assess the potential for other 
sensitive plant species (slender-horned spineflower [Dodecahema leptoceras], Parry’s 
spineflower [Chorizanthe parryi var parryi], mesa horkelia [Horkelia cuneata var. puberula]) to 
occur within the project site. 

3.4 DSF HABITAT SUITABILITY EVALUATION  

Biologist Mr. Ken Osborne conducted a DSF habitat suitability assessment of the project site on 
April 11, 2009. Mr. Osborne assessed from a distance the portions of the project site within the 
SAR, but otherwise focused on the proposed recharge areas outside of the channel. The DSF 
survey area was approximately 30 acres in size and was located west of the SAR, east of the 
Union Pacific Railroad right-of-way, and south of the existing residential developments on E. 
Congress Street and Florez Street.  
  
The habitat suitability assessment consisted of a visual and tactile inspection of all areas on the 
project site that contain Delhi Sand soils. Areas identified as containing Delhi Sand soils were 
evaluated for their quality or purity and for their potential to support DSF. Areas were assigned 
one or more ratings ranging between 1 and 5, with 5 being the best quality and most suitable 
habitat: 
  

1. Soils dominated by heavy deposits of alluvial material including coarse sands and gravels 
with little or no Delhi sands and evidence of soil compaction. Unsuitable Quality  
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2. Delhi Sand soils are present but the soil characteristics include a predominance of alluvial 
materials (Tujunga Soils and Hilmar loamy sand). Very Low Quality  

3. Although not clean, sufficient Delhi Sand soils are present to prevent soil compaction. 
Some sandy soils exposed on the surface due to fossorial animal activity. Low Quality 

4. Abundant clean Delhi Sand soils with little or no alluvial material (Tujunga soils or 
Hilmar loamy sand) present. Moderate abundance of exposed sands on the soil surface. 
Low vegetative cover. Evidence of moderate degree of fossorial animal activity by 
vertebrates and invertebrates. Moderate Quality  

5. Sand dune habitat with clean Delhi Sand soils. High abundance of exposed sands on the 
soil surface. Low vegetative cover. Evidence (soil surface often gives under foot) of high 
degree of fossorial animal activity by vertebrates and invertebrates. High Quality  

3.5 BUOW HABITAT SUITABILITY EVALUATION  

Focused BUOW surveys were conducted on May 27 and 28, 2009, by Ms. Shay Lawrey in 
accordance with the “Burrowing Owl Survey Protocol and Mitigation Guidelines” prepared by 
the California Burrowing Owl Consortium on April 1993 and the October 17, 1995, California 
Department of Fish and Game staff report on Burrowing Owl Mitigation. This survey protocol 
identities a four-phased survey process. The first phase is a habitat assessment to identify on-site 
BUOW habitat. If BUOW habitat is observed, the Phase II burrow survey and Phase III BUOW 
census are conducted. These surveys require a 100% coverage survey of the site plus a 150-meter 
(~500 foot) zone of influence on all sides of the project at no more than 30-meter (~100 foot) 
intervals. This 150-meter buffer zone is included to account for adjacent burrows and foraging 
habitat outside the project area. The final phase, Phase IV, is the survey report. Pedestrian survey 
transects allowed 100 percent visual coverage of the ground surface, and the bases of perennial 
shrubs were checked for burrows and signs. All burrows encountered were examined for shape, 
scat, pellets, and tracks.  

3.6 FOCUSED SBKR TRAPPING SURVEYS  

A SBKR habitat suitability assessment was conducted on May 26, 2009, by Ms. Shay Lawrey 
and Mr. Philippe Vergne. The suitability assessment included a thorough search for tail drags, 
tracks, and scat indicative of kangaroo rats. Based on the results of the suitability assessment, a 
total of 150 traps were set within 4 traplines in the SAR and recharge areas of the project, 
including 3 traplines of 30 traps each on the bench habitat of the SAR portion and one trapline 
consisting of 60 traps in the recharge area. The trap lines consisted of 12-inch, Sherman live 
traps placed at 8-meter intervals. Livetrapping was conducted from May 26 to May 31, 2009. 
Traps were baited with rolled oats and inspected at midnight and again an hour before dawn the 
following morning. All animals were identified, sexed, and released unharmed at the point of 
capture. Daily notes included weather conditions such as temperature, wind speed, and cloud 
cover. 
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3.7 SOIL SERIES ASSESSMENT  

On-site and adjoining soils were researched prior to the field visit using the USDA NRCS Soil 
Survey for San Bernardino County, California. In addition, a review of the local geological 
conditions and historical aerial photographs was conducted to assess the ecological changes the 
project site has undergone.  

3.8 JURISDICTIONAL AREAS  

Aerial photography was reviewed prior to conducting the habitat assessment. The aerials were 
used to locate and inspect any potential natural drainage features and water bodies that may fall 
under the jurisdiction of the Corps, Regional Water Quality Control Board, or CDFW. In 
general, surface drainage features indicated as blue-line streams on USGS maps that are 
observed or expected to exhibit evidence of flow are considered potential riparian/riverine 
habitat and are also subject to state and federal regulatory authorities. Jurisdictional delineations 
were prepared by RBF under separate cover (RBF 2013, RBF 2014a). 
 



 

Riverside North Aquifer Storage and Recovery Project 
Habitat Assessment 22 

Section 4 Existing Conditions 

4.1 LOCAL CLIMATE 

The region has a year-round Mediterranean climate or semi-arid climate, with warm, sunny, dry 
summers and cool, rainy, mild winters. Average annual precipitation ranges from 12 inches per 
year in the coastal plain to 18 inches per year in the inland alluvial valleys, reaching 40 inches or 
more in the San Bernardino Mountains. Most of the precipitation occurs between November and 
March in the form of rain with variable amounts of snow in the higher elevations. The 
climatological cycle of the region results in higher surface water flows in the spring and early 
summer and lower flows during the dry season. Winter and spring floods generated by storms are 
not uncommon in wet years. Similarly, during the dry season, infrequent summer storms can 
cause torrential floods in local streams.  

4.2 TOPOGRAPHY AND SOILS 

The proposed project is located within the floodplain of the Santa Ana River. The SAR is the 
largest stream system in southern California, beginning in the San Bernardino Mountains, which 
reaches altitudes exceeding 10,000 feet, and flowing more than 100 miles to the Pacific Ocean 
near Huntington Beach. The Santa Ana River floodplain contains, among other habitat types, 
Riversidean alluvial fan sage scrub (RAFSS) and a mosaic of riparian communities including 
southern willow scrub, mulefat scrub, sandy riverwash, and stream habitat. These are regionally 
significant habitat types confined to river and creek floodplains of southern San Bernardino and 
northwest Riverside counties.  
 
The project site is located in southwestern San Bernardino County within the Santa Ana River 
and adjacent undeveloped areas in a primarily developed portion of the City of Colton. The 
project site primarily consists of the Santa Ana River and adjacent vacant land, and is surrounded 
by residential and commercial land uses. Portions of the Santa Ana River have been concrete-
lined for flood control purposes and Reche Canyon Creek discharges along the eastern bank of 
the Santa Ana River. On-site elevation ranges from 955 to 910 feet above mean sea level and 
generally slopes to the southwest. According to the USDA Natural Resources Conservation 
Service Soil Survey, surface soils on and adjacent to the project site consist of Psamments and 
Fluvents (Frequently Flooded) and Tujunga Gravelly Loamy Sand (0 to 9 Percent Slopes) 
(Exhibit 4, Soils Map). 

4.3 SURROUNDING LAND USES 

The project site is located in a developed area containing limited remaining natural habitats. The 
project site is surrounded to the west primarily by residential, educational, and industrial  
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developments and to the east by residential, industrial, medical, religious, and commercial 
developments. I-10 is located immediately to the north, with open fields and additional 
residential, industrial, and commercial developments to the south. 

4.4 PLANT COMMUNITIES 

The project site is located in the floodplain of the SAR and in uplands adjacent to the river. The 
plant communities occurring on the project site and their distribution were mapped by RBF in 
2013 and confirmed again in 2014. Four (4) plant communities were observed within the 
boundaries of the project site during the habitat assessment (Exhibit 5, Vegetation): RAFSS, 
Mulefat Scrub, Southern Willow Scrub, and Ornamental. In addition, the project site contains 
areas that would be considered as disturbed and developed. These communities are described in 
further detail below. 

4.4.1 Riversidean Alluvial Fan Sage Scrub 

RAFSS is considered a sensitive habitat by CDFW and the California Native Plant Society. 
RAFSS is a community restricted to intermittently or rarely-flooded, low-gradient alluvial 
deposits along streams, washes, and fans within large canyons on the coastal slopes of the San 
Gabriel Mountains and San Bernardino Mountains in San Bernardino County. This community is 
composed of a variety of drought-deciduous subshrubs and large evergreen woody shrubs. In 
addition to the scale broom (Lepidospartum squamatum), a dominant plant species found in 
RAFSS, woody shrubs such as chamise (Adenostoma fasciculatum), California buckwheat 
(Eriogonum fasciculatum), white sage (Salvia apiana), and yerba santa (Eriodictyon trichocalyx) 
are present in RAFSS. Common subshrubs include deerweed (Acmispon glaber), matchweed 
(Gutierrezia californica), and Douglas’ nightshade (Solanum douglasii). Native species found 
within the herbaceous understory include common fiddleneck (Amsinckia intermedia), California 
croton (Croton californicus), and cryptantha (Cryptantha sp.). Due to intense, periodic flooding 
and erosion within the alluvial plain, a series of step-like terraces are created above wash 
channels, each exhibiting a different successional phase. These phases are related to the amount 
of time elapsed since the most recent flood and occur as a sequential gradation of terrace types 
with increasing distance from the active channel. Within the survey area, two phases (pioneer 
and intermediate) of the RAFSS plant community occur, along with a section of intermediate 
disturbed RAFSS. These areas are described below. 

4.4.1.1 Pioneer Riversidean Alluvial Fan Sage Scrub 

The young or pioneer RAFSS plant community is found on the first terrace above the active 
channel of the Santa Ana River and is sparsely vegetated with low species diversity. This phase 
typically takes three to six years to become established after a flood disturbance. 
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4.4.1.2 Intermediate Riversidean Alluvial Fan Sage Scrub 

The intermediate RAFSS plant community is found on the terrace above the pioneer RAFSS 
plant community and is defined by areas composed of dense yerba santa, scalebroom, and 
California buckwheat, as well as non-native grasses and early successional plant species. This 
phase takes approximately five to 14 years to become established after a flood disturbance. 

4.4.1.3 Intermediate Disturbed Riversidean Alluvial Fan Sage Scrub 

The intermediate disturbed RAFSS plant community is found predominantly to the west of the 
SAR in the off-stream recharge area. There are some small patches of it on the eastern side of the 
SAR, within the channel. It is dominated by California croton as well as additional remnant 
RAFSS plant species including California buckwheat and scalebroom. 

4.4.2 Mulefat Scrub 

The mulefat scrub is a plant community typically associated with habitats that are seasonally 
flooded or saturated near canyon bottoms, irrigation ditches, or stream channels. The mulefat 
scrub plant community found within the survey area occurs near the middle of the survey area in 
the Santa Ana River south of Mount Vernon Avenue and extends to the existing SWP line that 
bisects the Santa Ana River. The mulefat scrub plant community, approximately 7.85 acres, is 
dominated by mulefat (Baccharis salicifolia) and includes a mix of willow (Salix ssp.) and 
cottonwood (Populus fremontii). 

4.4.3 Southern Willow Scrub 

The southern willow scrub plant community is typically composed of young, newly established 
willow and cottonwood plant species that can survive the frequent physical battering and 
inundation from flooding. The presence of these young willows normally allows finer sediments 
to accumulate, with the result that additional riparian plants can establish. Willow scrub plant 
communities are frequently described as early successional habitats and are the first plant 
communities to form on newly established point bars along rivers.  
  
Within the survey area, the southern willow scrub plant community is found on the northwestern 
bank of the concrete lined channel south of Interstate 10 and extends south, across the Santa Ana 
River, to Mount Vernon Avenue and to the existing SWP line that bisects the Santa Ana River. 
This plant community is dominated by black willow (Salix gooddingii), arroyo willow (Salix 
lasiolepis) with cottonwood, salt cedar (Tamarix ramosissima), mulefat, and cattails (Typha sp.).  
  
The southern willow scrub plant community on the concrete lined channel portion of the Santa 
Ana River has established on approximately 3 to 8 inches of accumulated sediment deposits. 
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This community may be washed down stream with the approaching wet season given the lack of 
substrate available for rooting. 

4.4.4 Ornamental 

Ornamental areas comprising non-native plant species are present in the southwestern corner of 
the project site, adjacent to the residential neighborhoods.  

4.4.5 Disturbed 

Disturbed areas refer to areas that are unpaved, typically an earthen surface, and typically devoid 
of vegetation. Within the project site, disturbed areas are present on the southwestern end outside 
of the SAR, where there are unpaved dirt access roads along utility rights-of-way, and along the 
northeastern end, where there is an unpaved triangular terrace located at the confluence of Warm 
Creek and the SAR.  

4.4.6 Developed  

Developed areas typically refer to areas that are paved or cemented and are devoid of vegetation. 
Developed areas within the project site are un-vegetated and consist of concrete-lined portions of 
the SAR, slopes covered in riprap, and surrounding roadways. 

4.5 WILDLIFE 

Plant communities provide foraging habitat, nesting and denning sites, and shelter from adverse 
weather or predation. This section provides a discussion of those wildlife species observed, 
expected, or not expected to occur on-site. The discussion is to be used as a general reference 
and is limited by the season, time of day, and weather condition in which the survey was 
conducted. Wildlife observations were based on calls, songs, scat, tracks, burrows, and actual 
sightings of animals. 

4.5.1 Amphibians  

No amphibian species were observed during the survey. Based on site characteristics and the 
regional location, amphibian species most likely to be present within and around the project site 
include Baja California chorus frog (Pseudacris hypochondriaca), western toad (Anaxyrus 
boreas), American bullfrog (Lithobates catesbeianus), and African clawed frog (Xenopus laevis). 

4.5.2 Reptiles  

Only two reptile species were observed on-site during RBF’s 2014 survey: western fence lizard 
(Sceloporus occidentalis) and common side-blotched lizard (Uta stansburiana). The site and 
surrounding habitat have the potential to support reptile species that are well acclimated to 
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disturbance and to urban edge environments. Additional common reptiles that could be expected 
to occur in the area include southern alligator lizard (Elgaria multicarinata), western skink 
(Eumeces skiltonianus), gopher snake (Pituophis catenifer), and southern Pacific rattlesnake 
(Crotalus oreganus helleri). 

4.5.3 Avian 

The project site provides suitable foraging and cover habitat for a wide variety of avian species. 
Because a large number of species were detected on-site, only the most abundant are listed here. 
The avian species that were most abundant during the survey included American crow (Corvus 
brachyrhynchos), yellow-rumped warbler (Setophaga petechia), common yellowthroat 
(Geothlypis trichas), Lincoln’s sparrow (Melospiza lincolniii), white-crowned sparrow 
(Zonotrichia leucophrys), song sparrow (Melospiza melodia), house finch (Haemorhous 
mexicanus), and lesser goldfinch (Spinus psaltria). 

4.5.4 Mammals  

The only mammalian species directly observed or detected via sign included coyote (Canis 
latrans). The project site provides suitable habitat for mammalian species adapted to disturbed, 
urban environments. However, most mammal species are nocturnal and are difficult to observe 
during a diurnal field visit. Additional mammals that could occur include Botta’s pocket gopher 
(Thomomys bottae), California ground squirrel (Otospermophilus beecheyi), bobcat (Lynx rufus), 
and desert cottontail (Sylvilagus audubonii).  

4.6 NESTING BIRDS 

No nesting birds were detected during RBF’s 2014 survey, which was conducted in November 
after the avian nesting season. On-site vegetation and trees provide ample nesting opportunities 
for avian species, particularly along the SAR corridor.  

4.7 MIGRATORY CORRIDORS AND LINKAGES 

The San Bernardino County Land Use Plan (URS 2007) and South Coast Wildlands (2008) 
depict various regional wildlife corridors within the County, three of which are located in or 
adjacent to the project site. The project site is located within the Santa Ana River regional 
wildlife corridor, and is downstream of both the Cajon Wash and San Timoteo Canyon corridors. 
The Santa Ana River regional corridor within the project site provides movement opportunities 
for birds and mammals. 
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4.8 SENSITIVE BIOLOGICAL RESOURCES 

A search of the CNDDB was conducted to identify listed and sensitive plant and wildlife species 
as well as sensitive natural plant communities occurring within the San Bernardino South USGS 
7.5-minute quadrangle. The CNDDB was queried for reported locations of listed and sensitive 
plant and wildlife species as well as sensitive natural plant communities within the San 
Bernardino South USGS 7.5-minute quadrangle. A search of published records of these species 
was conducted within this quadrangle using the CNDDB Rarefind 5 online software. The CNPS 
Inventory of Rare and Endangered Vascular Plants of California supplied information regarding 
the distribution and habitats of vascular plants in the vicinity. The habitat assessment was used to 
assess the ability of the plant communities found on-site to provide suitable habitat for relevant 
special-status plant and wildlife species.  
 
The literature search identified twenty-three (23) sensitive wildlife species, twenty (20) sensitive 
plant species, and three (3) sensitive habitats as having the potential to occur within the San 
Bernardino South quadrangle. Sensitive plant and wildlife species were evaluated for their 
potential to occur within the project boundaries based on habitat requirements, availability and 
quality of suitable habitat, known distributions, and results of previous surveys. Of the forty-
three (43) species listed in the CNDDB, sixteen (16) species were determined to have a moderate 
or higher potential to occur on-site. These species included the orange-throated whiptail 
(Aspidoscelis hyperythra), coastal whiptail (Aspidoscelis tigris stejnegeri), BUOW, SASU, 
northwestern San Diego pocket mouse (Chaetodipus fallax fallax), SBKR, San Diego black-
tailed jackrabbit (Lepus californicus bennettii), southern grasshopper mouse (Onychomys 
torridus ramona), Los Angeles pocket mouse (Perognathus longimembris brevinasus), coast 
horned lizard (Phrynosoma blainvillii), DSF, LBVI, Parry’s spineflower, slender-horned 
spineflower, SARWS, and mesa horkelia. In addition, despite not having been recorded in the 
CNDDB in the San Bernardino South quadrangle, the project site has the potential to provide 
suitable habitat for SWWF.  
 
Of these 16 species determined to have a moderate or higher potential to occur on the project 
site, it was determined that the project site could provide suitable habitat for six (6) species: 
BUOW, SBKR, SWWF, DSF, LBVI, and SARWS. The project site was evaluated for the 
potential presence or absence of these species. The assessment also evaluated impacts that are 
expected to occur to suitable habitat or Critical Habitat as a result of the proposed project. The 
following is a discussion of these special status species that could be affected as a result of the 
proposed project: 

4.8.1 DSF Habitat Suitability Evaluation 

DSF is endemic to the Delhi series soils. The Delhi Sands flower-loving fly is a large insect with 
an elongated body. The flight season of the Delhi Sands flower-loving fly extends from early 
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August to early September, when the adults are active during the warmest portions of the day 
during periods of direct sunlight. All known extant populations of the DSF occur within an 8-
mile radius of each other. The distribution straddles Interstate 10 in the vicinity of Colton and 
Rialto, Riverside and San Bernardino counties, California. The most characteristic feature of all 
known occupied DSF sites is fine sandy soils, often wholly or partly sand dunes stabilized by the 
sparse native vegetation. Areas containing sandy substrates with a sparse cover of perennial 
shrubs and other vegetation constitute the primary habitat requirement for DSFs. The DSF was 
listed as an endangered species by the USFWS on September 23, 1993 (58 Federal Register 
49881).  
  
The high silt and gravel components of the Delhi Sand soils located on the project site make the 
Delhi Sands Unsuitable for DSF. Considering the site conditions and ecological factors, the 
Delhi Sands found on-site were determined to be very marginal and of questionable suitability 
for DSF. Based on discussions with USFWS, it was determined that the site does not represent 
potential DSF habitat. Protocol DSF surveys are not warranted for the project site and there is no 
risk of take of DSF. 

4.8.2 Southwestern Willow Flycatcher 

The SWWF is a small passerine bird that has a grayish-green back and wings, whitish throat, a 
light gray-olive breast, and pale yellowish belly. It has two visible white wing bars and a faint or 
absent eye-ring. The call consists of a repeated “whit” and their song is a sneezy “fitz-bew” (60 
FR 10694). The southwestern willow flycatcher is currently one of the four recognized 
subspecies of the willow flycatcher. This flycatcher is a neotropical migrant that breeds in the 
southwestern United States from mid-April to early-September. In the fall, it migrates south to its 
wintering grounds in portions of South America, Central America, and Mexico (60 FR 10694).  
  
A rapid decrease in the numbers of southwestern willow flycatchers in California and other 
southwestern states prompted the USFWS to designate it as a Category 1 candidate species in 
1991. One year later in 1992, the California Fish and Game Commission listed the species as 
endangered, under the CESA of 1970. On July 23, 1993 the southwestern willow flycatcher was 
proposed for listing as endangered by the USFWS and was then listed as federally endangered on 
February 27, 1995, under the ESA of 1973 (60 FR 10694). A recovery plan was finalized by 
USFWS in March of 2003.  
  
The SWWF breeds in dense riparian habitats along rivers, streams, and other wetlands. They 
have been documented to establish territories in elevations ranging from sea level to 8,500 feet 
(Sogge 1997). Plant species closely associated with the flycatcher include willows (Salix sp.), 
boxelder (Acer negungo), seepwillow (Baccharis sp.), with an overstory of cottonwood (Populus 
fremontii) (62 FR 39129). Occupied habitat is generally dominated by shrubs and trees 13 to 23 
feet or more in height, which provide dense lower and mid-story vegetation approximately 13 
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feet aboveground. This dense vegetation is often interspersed with open water, small openings, 
or sparse vegetation, creating a mosaic that is not uniformly dense (62 FR 39129).  
 
Due to the sparse nature of the willow riparian forest on the project site, the habitat within the 
project area was not considered suitable for SWWF and focused surveys for SWWF were not 
conducted for the proposed project.  
 
The USFWS designated Critical Habitat for the species on July 22, 1997. On May 11, 2001, the 
critical habitat designation from 1997 was struck down by the U.S. 10th Circuit Court of Appeals 
who required further economic analysis. Critical habitat designations for this species were re-
proposed and finalized in October 2005 (70 FR 60886 61009) and reconfirmed in January 2013 
(78 FR 343 534). The project is located within designated Critical Habitat for SWWF; however, 
the on-site riparian vegetation lacks continuity and the dense understory favored by SWWF and 
is considered unsuitable for occupancy by this species. 

4.8.3 San Bernardino Kangaroo Rat 

Focused presence/absence trapping surveys for SBKR were conducted from May 26 through 
May 31, 2009. No SBKR were captured over the course of the 5-night trapping session and this 
species is presumed absent from the project site. No kangaroo rat sign was observed during the 
2013 or 2014 habitat assessment. However, four (4) California species of special concern were 
captured during the 2009 trapping session, including southern grasshopper mouse, northwestern 
San Diego pocket mouse, Los Angeles pocket mouse, and San Diego desert woodrat (Neotoma 
lepida intermedia). 
 
The USFWS designated Critical Habitat units for the SBKR on April 23, 2002 (67 FR 19812 
19845). On October 17, 2008, the USFWS published a revised SBKR Critical Habitat 
designation (73 FR 61936 62002). However, as a result of a legal challenge to the revised 
designation, the 2008 designation was vacated and the 2002 designation reinstated. The units 
include reaches of the Santa Ana River, Lytle Creek, Cajon Creeks, San Jacinto River, Bautista 
creek, and the Etiwanda alluvial fan. No part of this project area is located within the 2002 
designated critical habitat for SBKR. 

4.8.4 Burrowing Owl 

Focused BUOW surveys were conducted on May 27 and 28, 2009, in accordance with the 
“Burrowing Owl Survey Protocol and Mitigation Guidelines” prepared by the California 
Burrowing Owl Consortium on April 1993 and the October 17, 1995, California Department of 
Fish and Game staff report on Burrowing Owl Mitigation. Upon completion of a Phase I habitat 
assessment, a Phase II survey of suitable BUOW habitat on and within 500 feet of the project site 
was conducted. Although a number of small mammal burrows were observed within the project   
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area, no BUOW or sign (burrows, pellets, feathers, castings, or white wash) indicating historical 
or recent use of BUOWs within the project site was found. 
 
Since no BUOW were observed during the 2009 focused survey, and the habitat conditions have 
not changed since the 2009 survey. BUOW are not expected to occur on-site. However, it is 
recommended that a BUOW clearance survey be conducted prior to any ground disturbing 
activities in accordance with the CDFW 2012 Staff Report on Burrowing Owl Mitigation. Two 
(2) BUOW clearance surveys shall be conducted between 14 and 30 days prior to initial ground 
disturbing activities, and 24 hours prior to initial ground disturbing activities. 

4.8.5 Least Bell’s Vireo 

The LBVI is a small, olive-gray migratory songbird that nests and forages almost exclusively in 
riparian woodland habitats. Bell’s vireos as a group are highly territorial and are almost 
exclusively insectivorous. LBVI nesting habitat typically consists of well-developed overstory, 
understory, and low densities of aquatic and herbaceous cover. The understory frequently 
contains dense sub-shrub or shrub thickets. These thickets are often dominated by plants such as 
narrow-leaf willow (Salix exigua), mulefat (Baccharis salicifolia), young individuals of other 
willow species such as arroyo willow (Salix lasiolepis) or black willow (Salix gooddingii), and 
one or more herbaceous species.  
 
Although LBVI use a variety of riparian plant species for nesting, it appears that the structure of 
the vegetation is more important than other factors such as species composition or the age of the 
stand. LBVI begin to arrive at their breeding grounds in southern California riparian areas from 
mid-March to early April. Upon arrival, males establish breeding territories that range in size 
from 0.5 to 7.4 acres, with an average size of approximately 2 acres. After pair formation, vireos 
construct a hanging cup nest made up of dried plant material. Nests are usually placed in forks of 
branches between 2 and 5 feet from the ground. Females lay two to five eggs with both parents 
incubating the clutch for approximately 14 days and the young fledging after 10 to 12 days. The 
fledglings will remain in the parental territory for up to a month. A large majority of breeding 
vireos apparently depart their breeding grounds by the third week of September and only a very 
few have been found wintering in the United States. 
 
Based on a review of the current site conditions, the riparian vegetation within the project site 
has the potential to support LBVI. Focused surveys for LBVI are recommended for the spring of 
2015. 
 
Critical Habitat units were designated by the USFWS on February 2, 1994, (59 FR 4845 4867) 
and included reaches of ten streams in six counties in southern California and the surrounding 
approximately 38,000 acres. However, no part of this project area is located within designated 
Critical Habitat for LBVI. 
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4.8.6 Santa Ana River Woolly-Star 

The Santa Ana River woolly-star occurs along the SAR and Lytle and Cajon Creek flood plains 
from the base of the San Bernardino Mountains in San Bernardino County southwest along the 
SAR through Riverside County into the Santa Ana Canyon of northeastern Orange County from 
about 150 to 580 meters (Munz 1974; Roberts 1998). It is a perennial in the Phlox 
(Polemoniaceae) plant family. It blooms from June to August and produces bright blue flowers 
that are up to 1.4 inches long that occur in flower heads with about 20 blossoms each. This 
species is associated with early to moderate-successional alluvial scrub, and requires periodic 
flooding and silting for the creation of new habitats and colonization. It is found only within 
open washes on open slopes above main watercourses on fluvial deposits where flooding and 
scouring occur at a frequency that allows the persistence of open shrublands.  
 
Plant communities occurring within the project site were surveyed on April 18 and 28, 2009, for 
the presence of sensitive plant species. Woolly-star was found on the northern margin of the 
proposed off-stream recharge area. This plant species is much more abundant adjacent to the site 
outside of project boundaries. A total of sixty-nine (69) plant species were encountered on the 
project site, of which twenty (20) were nonnative. Woolly-star was the only special status species 
documented during the 2009 survey. A total of two hundred and sixteen (216) individuals were 
recorded within the project site and on adjacent properties during the 2009 survey.  
 
Riverside Public Utilities (RPU) Water Resources Division staff conducted a botanical survey to 
update the woolly-star assessment within the project site on August 16 and 17, 2011. During the 
2011 plant survey, thirty-four (34) additional woolly-star individuals were recorded within the 
proposed recharge area along the northern boundaries of the project site. 
 
During the 2013 habitat assessment, RBF documented the continued presence of woolly-star at 
the locations previously identified in 2009 and 2011. Four (4) additional woolly-star locations 
were identified within and along the western bank of the Santa Ana River during the 2013 habitat 
assessment. 
 
The botanical surveys conducted in 2009 and 2011 were not conducted in accordance with the 
CDFWs 2009 Protocol for Surveying and Evaluating Impacts to Special Status Native Plant 
Populations and Natural Communities. A focused sensitive plant survey following CDFWs 2009 
protocol is recommended prior to the commencement of any ground disturbing activities to 
actually document the presence of woolly-star and to assess the potential for other sensitive plant 
species (slender-horned spineflower, Parry’s spineflower, mesa horkelia) to occur within the 
project site. 
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4.8.7 Santa Ana Sucker 

The SASU is a fish species found only in a few rivers in southern California. They are related to 
mountain suckers, and are similar in appearance. They are dark grey above and silvery-white 
below; with a faint pattern of darker blotches and stripes on their sides. Length has been recorded 
up to 25 cm, but less than 16 cm is more typical. SASU feed on diatoms, other kinds of algae, 
and detritus, which they get by scraping surfaces such as rocks. They also eat insect larvae, with 
larger fish observed to consume insects more frequently. SASU are found in water ranging from 
a few centimeters to over a meter in depth, and with a bottom with gravel, rubble, and boulder 
substrates. Their geographic range is extremely restricted, only occurring in the Los Angeles, 
San Gabriel, Santa Ana, and Santa Clara River systems in southern California. Populations have 
been extirpated from several segments of the rivers, so that they now only inhabit the upper 
portion of the Los Angeles and San Gabriel drainages, and the lower part of the Santa Ana River 
in reaches of the river with perennial flow sustained by effluent discharged by wastewater 
treatment plants, urban runoff, and some rising groundwater.  
 
An evaluation of potential impacts of the Riverside North Aquifer Storage and Recovery Project 
on the SASU was conducted in May 2011 by AECOM (AECOM 2011). Based on the anticipated 
operations of the rubber dam, it was concluded that the construction and operations of the project 
would likely not result in significant adverse impacts to streamflow (i.e. timing, magnitude, and 
duration), sediment transport, and water quality within occupied SASU habitat, which occurs 
approximately 3 miles downstream of the project site (AECOM 2011) at River Mile 23 
(approximately 23 miles upstream from Prado Basin). Since the project is located upstream of 
the currently impassable La Cadena bridge grade control structure, the project will not impair 
existing migratory patterns or access to known spawning or rearing sites for the species. No 
further surveys were recommended for SASU.  
 
USFWS designated Critical Habitat for SASU in 2005 in the lower and middle reaches of the 
Santa Ana River (70 FR 426 458). Under court order, in 2010, USFWS re-designated SASU 
Critical Habitat. The new designation included portions of the upper reaches of the Santa Ana 
River which, although unoccupied by SASU, provide gravel and cobble needed to maintain 
spawning and foraging habitat downstream. The Final Rule for the redesignation of critical 
habitat became effective on January 13, 2011 (75 FR 77962 78027). The expanded SASU critical 
habitat designation was appealed by local water agencies in 2011 but was upheld by a federal 
District Court in October 2012. Although an appeal was filed against this decision in June 2013 
the project remains within designated SASU Critical Habitat. A significant portion of the river 
within these two reaches was not included in the designation because these portions of the river 
are either covered by the Western Riverside County MSHCP or the Santa Ana Sucker 
Conservation Program for the Santa Ana River. This conservation program was developed by the 
Santa Ana Watershed Project Authority (SAWPA) in cooperation with USFWS. It is being 
implemented by SAWPA and three other participants, including the City of Riverside.  
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The Upper SAR HCP is in the process of developing a watershed-wide, holistic conservation 
strategy for SASU that will serve as a blueprint for conservation/mitigation measures for this 
project and others in the region. This project will be working in parallel with the HCP planning 
process and the mitigation developed and agreed to by the City will be an important supporting 
component of the much larger conservation strategy. This project serves as a key piece of the 
Upper SAR HCP and its watershed-wide conservation strategy since potential onsite and offsite 
mitigation measures will restore, enhance and protect habitat for multiple species covered in the 
Upper SAR HCP.  

4.9 JURISDICTIONAL DELINEATION 

A preliminary delineation of state and federal jurisdictional waters was prepared under a separate 
cover in February 2009. This was updated by RBF in June 2013 and again in December 2014. 
The jurisdictional delineation documents the regulatory authority of the Corps, the Regional 
Board, and the CDFW pursuant to Sections 401 and 404 of the Federal Clean Water Act, the 
California Porter-Cologne Water Quality Control Act, and Section 1600 of the California Fish 
and Game Code. 
 
Approximately 112.2 acres of Corps Waters of the U.S. are located within boundaries of the 
survey area. Corps impacts include 0.16 acre of permanent impacts (non-wetland) and 
approximately 5.47 acres of temporary impacts (non-wetland). No isolated or Rapanos 
conditions were observed within the boundaries of the project site; therefore, the Regional Board 
follows that of Corps jurisdiction.  
 
Approximately 187.48 acres of CDFW Jurisdiction are located within the survey area. Of this 
amount, it is estimated that approximately 6.77 acres of CDFW jurisdictional streambed and 
associated habitats will be impacted by the proposed project. Of the 6.77 acres of impacts, 2.75 
acres are permanent impacts (2.24 acres to CDFW streambed and 0.51 acre to associated CDFW 
associated habitat) and 4.02 acres are temporary impacts (3.49 acres to CDFW streambed and 
0.53 acre to CDFW associated habitat (RBF 2014a). 
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Section 5 Discussion 

5.1 DIRECT IMPACTS 

5.1.1 Habitat Impacts 

The project is located in areas within the active SAR channel and an area immediately west of 
the SAR channel but still within the floodplain. The rubber dam will be located in an ephemeral 
section of the SAR and will divert up to 200 cfs of storm flow, when available.  If flow in the 
river is greater than 200 cfs the flow exceeding that amount will overtop the structure and 
continue downstream. The project would impact an area of approximately 24 acres within the 
riverbed and another 42.4 acres on the western bank outside of the river channel. The following 
sections analyze potential direct impacts to species at the project site. 
 
Instream 
The instream portion of the project includes potential levee repairs, construction, rubber dam 
installation and recharge behind the dam. The operation of the rubber dam will allow for 24 acres 
of potential recharge capabilities within the stream channel, upstream of the dam. Construction 
of the rubber dam and related appurtenances will result in 14.5 acres of permanent disturbance. 
The habitat within the riverbed consists of pioneer RAFSS and a mosaic of riparian communities 
including willow scrub, mule fat scrub, sandy river wash and stream habitat. Impoundment of 
water within the 24 acres upstream of the dam is likely to result in changes to vegetation types, 
soils, and hydrology as a result of the periodic flooding of the area. Vegetation may undergo a 
gradual conversion to emergent species that are more tolerant of being submerged for prolonged 
periods of time, with soils becoming more saturated by the prolonged presence of water.  
 
Hydrology may be affected by changing scour points and changing the natural flow path of the 
SAR within the impoundment area. Transport of coarse sediment may be temporarily interrupted 
by the rubber dam but gravels and cobbles will ultimately be moved downstream during 
subsequent large storms (greater than 1,500 cfs) containing enough energy to move this material 
through the system. Therefore, the overall availability of coarse substrate material in the system 
will not be reduced by the project. Small sediment such as fine sands and silt will be captured 
behind the rubber dam and some portion of that material will be permanently removed from the 
system through routine maintenance activities.  
 
Offstream 
The loss of habitat on the western bank will result from the construction of several recharge 
basins, a continuation of the diversion structure that begins in the riverbed, and a conveyance 
facility. Habitat on the western bench is a highly disturbed intermediate RAFSS plant community 
that includes dense stands of exotic weed species dominated by non-native grasses such as 
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bromes (Bromus sp.) and barley (Hordeum sp.) and forb species such as fiddleneck (Amsinkia 
menziesii). Habitat loss associated with the recharge basins would be permanent.  
  
The out of stream recharge basins will result in impacts to approximately 42.4 acres of disturbed 
intermediate RAFSS habitat and 0.3 acres of an unvegetated wash. Operational procedures for 
the basins will include regular maintenance to remove silt layers accumulating on the surface of 
the recharge basins. The requirement to maintain the percolation capabilities through periodic 
soil ripping deems these impacts permanent.  
  
The project will result in the permanent loss of 42.4 acres of heavily disturbed intermediate 
RAFSS habitat that is intermixed with non-native grasslands. Despite the low quality of the 
RAFSS habitat, several species of concern were found in the general vicinity of the recharge 
basins. These species include the woolly-star, Los Angeles pocket mouse, southern grasshopper 
mouse, northwestern San Diego pocket mouse, San Diego black-tailed jackrabbit, horned lizard: 
potentially coast (San Diego) horned lizard. At this time, with the exception of the woolly-star, 
there is no specific state or federal requirement for obtaining an Incidental Take Permit for the 
“taking” of the above-listed species. Construction and long-term maintenance of the basins will 
likely result in the loss of individual animals of these species and impacts to their habitat. The 
project area consists of degraded, low quality RAFSS habitat that supports a limited number of 
individuals of these species and constitutes a small percentage of each of these species’ 
geographic ranges. Therefore, the loss of individuals is not considered significant in the context 
of their overall populations on a local or regional scale.  
  
A summary of vegetation impacts within the survey area is provided in Table 1 below. 
 

Table 1: Survey Area Vegetation Impact Summary 

Vegetation Type Total Vegetation Acreage Impacted Acreage 

Mulefat Scrub 7.85 0.9 

Southern Willow Scrub 16.07 0.2 

Pioneer RAFSS 111.20 24 

Intermediate RAFSS 19.36 0.8 
Disturbed Intermediate 
RAFSS 127.55 42.4 

Ornamental 1.13 - 

Disturbed 34.64 8.0 

Developed 36.61 0.6 

Unvegetated Wash 3.32 0.3 

Total 257.73 35.5 
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5.1.2 Species Impacts 

5.1.2.1 Santa Ana River Woolly-Star 

SARWS was documented on-site during botanical surveys conducted in 2009, 2011, and 2013. 
This species will be impacted by construction of the proposed recharge basins and will be 
addressed by Individual Take Permit (ITPs), Biological Opinion from the USFWS and an 
Incidental Take Permit from CDFW.  
 
In addition, plants that are outside of the construction area but adjacent may be affected 
incidentally by indirect impacts such as changes to local hydrology, dust, spread of non-native 
weed seeds, and construction-related soil compaction. It is recommended that prior to 
construction, focused botanical surveys conforming to CDFW’s 2009 Protocol for Surveying and 
Evaluating Impacts to Special Status Native Plant Populations and Natural Communities be 
conducted to document the full, current extent of this species within the site boundaries, 
minimize potential effects to the populations, and assess the amount of take that must be 
mitigated through the ITP. 
 
5.1.2.2 Santa Ana Sucker and Critical Habitat 

Since the project area is located upstream of the impassable barrier of the La Cadena grade 
control structure the species is not present within the project site. Suitable habitat conditions for 
SASU do not currently occur in this section of the Santa Ana River due to the absence of 
perennial flow and very little exposed gravel and cobble substrate. Potentially suitable habitat for 
SASU in San Bernardino County begins at the Rialto Drain (Rialto Channel) approximately 3 
miles downstream of the proposed project.  
 
Approximately 60 cfs of surface flow is required within the project area at Mount Vernon 
Avenue in order for water to reach RM 23 (the vicinity of the Rialto Drain) to potentially 
intersect with perennial flow and occupied sucker habitat. Flow less than 60 cfs would naturally 
infiltrate over 3 miles of river bottom before reaching RM 23, therefore, the rubber dam 
capturing surface flows below 60 cfs would have no effect to downstream resources at, or 
downstream of, RM 23. The greatest potential for direct impact to SASU and its habitat exists 
when surface flow in the project area is greater than 60 cfs (needed for water to reach RM 23) 
and below 260 cfs (when the dam is diverting 200 cfs of flows). Within this range of flow, the 
project will be preventing nearly 100% of the water from reaching RM 23 (200 cfs 
captured/diverted and 60 cfs overtops the rubber dam but infiltrates prior to reaching RM 23). 
Once flow in the river is higher than 260 cfs, some portion of water will reach RM 23 although 
there is no certainty that the flow would comingle with perennial flow in the inset or low flow 
channel (comprising ~ 25% of the channel at RM 23) on the north bank of the river in order to 
contribute to SASU habitat.  



Discussion 
 
 

Riverside North Aquifer Storage and Recovery Project 
Habitat Assessment 40 

 
It is possible that flows would continue downstream on a path located within the remaining 75% 
of dry river bed. In this scenario, the project would have no effect on SASU. It is also important 
to note that in this extremely flashy hydrologic system, any water from a storm event that 
reaches occupied SASU habitat (with or without the project) would be of temporary benefit to 
the habitat, unlike perennial flow that sustains wetted habitat, and storm water could actually 
have a negative effect on the habitat by transporting and depositing sands and silts on the gravels 
and cobbles.  
 
Based on data from 1999-2010, (post-Seven Oaks Dam) , the average annual Santa Ana River 
discharge at the project location under existing conditions is 226,924 ac-ft, 41,488 ac-ft, and 
15,614 ac-ft for wet, average, and dry years, respectively1. Factoring in the limitations of the 
diversion structure and recharge basins, the total capture possible by the project is 25,700 ac-ft in 
a wet year, 14,000 ac-ft in an average year, and 6,200 ac-ft in a dry year (Geoscience 2014). 
Operations of the rubber dam will effectively “scalp” water off the beginning and ends of a storm 
event. For example, a theoretical storm lasting approximately 30 hours in late February with a 
peak of approximately 6,000 cfs would have a total discharge volume of 4,356 ac-ft. During this 
storm the project could only capture approximately 261 acre feet, or 6% of the total storm flow. 
Approximately 4,085 ac-ft of water would continue downstream past the project area. A smaller 
theoretical storm in September could have a peak flow near 2,500 cfs and total volume of 453 ac-
ft, of which approximately 89 ac-ft could be captured by the project, or approximately 20% of 
the storm flow. In either scenario, due to the limiting factors of the infrastructure (less than 1,500 
cfs flow and 200 cfs diversion) and the flashy storm systems that occur in this watershed, a large 
volume of water will continue to flow downstream during most storm events (see Hydrology 
Section for additional detail). 
 
Accounting for the project and natural infiltration between the project and RM 23, approximately 
24,298 ac-ft, 10,923 ac-ft, and 1,483 ac-ft in wet, average, and dry years, respectively, would 
reach RM 23 (Geoscience 2014). These values do not take into account additional surface flows 
from nearby Reche Canyon, Cooley Drain, Cooley Drive open channel and the South Rancho 
drain which would contribute to the surface flow at RM 23 during storm events. Most natural 
flows reaching RM 23 would also occur during peak flow conditions when surface flow rates 
exceed the capacity of the rubber dam.  
 
Based on a dataset which includes wet, dry, and average years from 1960 to 2012, on average, 
only 33 days per year had flows greater than 60 cfs within the project area (Geoscience 2014). 
Therefore, the project could have had impacts to conditions downstream at RM 23 only 9% of 

                                                
 
1 Between 1999 and 2010 only one wet year (2004/2005) occurred. Two average years and eight dry years are 
included in this data set. The data set begins after the construction of Seven Oaks Dam. 
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the year. The project would have had no effect on SASU downstream 91% of the year. Based on 
the same data, the average number of days per year that surface flow within the project area was 
between 60 and 260 cfs (the range of flow with greatest potential for impact to SASU) was 22 
days or 6% of the year. However, it should be stated again that this is only potential for impact 
because there is no certainty that any storm water would comingle with perennial flow in 
occupied habitat due to the width of the river channel and high proportion of dry streambed. 
 
The project is located within designated Critical Habitat for SASU. The primary constituent 
elements (PCE) that could potentially be directly affected by a dam upstream of occupied habitat 
is PCE 1: A functioning hydrological system within the historical geographic range of Santa Ana 
sucker that experiences peaks and ebbs in the water volume (either naturally or regulated) that 
encompasses areas that provide or contain sources of water and coarse sediment necessary to 
maintain all life stages of the species, including adults, juveniles, larvae, and eggs, in the 
riverine environment. As described above, due to the operations of the dam and limitations of the 
infrastructure, the project will collect a portion of the total storm flow volume and not limit 
peaks and ebbs in storm water flowing downstream to occupied habitat. 
 
The project would not divert the gravel and cobble out of the river and will not prevent coarse 
sediment (gravels and cobbles) from being transported downstream during large storm events. 
Gravel and cobble that accumulate within the project area will not be removed from the system 
during maintenance activities. Rather, this material would be carried downstream during high 
flow events (more than 1,500 cfs) when the rubber dam would not be inflated and would remain 
at-grade with the riverbed. Through a sediment transport study conducted in 2011 (AECOM 
2011) and an additional analysis of the project conducted in 2014 (RBF 2014, Appendix E), it 
was determined that changes to streamflow and sediment transport as a result of the construction 
and operation of the proposed project is not expected to adversely affect SASU populations 
occurring downstream. 
 
The project is not likely to negatively impact streamflow (i.e. timing, magnitude, and duration), 
sediment transport, and water quality as a result of the construction and operation of the 
proposed dam and is not likely to adversely impact SASU populations occurring downstream of 
the project site (AECOM 2011, RBF 2014 Appendix D1). The project will not impair migratory 
patterns or access to known spawning or rearing sites. The potential for loss or adverse impacts 
to Critical Habitat (e.g. loss of in-stream habitat, adverse alterations in sediment transport 
mechanisms) will require coordination with USFWS through the Section 7 Consultation process. 
If it is determined during the consultation that impacts not identified in this document will result 
from this project, the City of Riverside would agree to offsite conservation as a requirement of 
the Biological Opinion and the Army Corps 404 permit. In preparation for the environmental 
review process, the City of Riverside has been coordinating with the USFWS to identify 
potential enhancement of existing but degraded SASU habitat within portions of the river 
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currently occupied by SASU and other listed species. Section 7 negotiations would ensure that 
unanticipated potential impacts to SASU and its habitat are appropriately offset by conservation 
activities the City of Riverside agrees to implement.  
 
5.1.2.3 Small Mammals 

As determined during protocol trapping surveys in 2009, detailed literature reviews, and 
subsequent site visits to assess habitat suitability in 2013 and 2014, SBKR does not occur on the 
project site. There is little habitat on-site that is suitable to support this species and effects to 
suitable habitat are also considered negligible, if any. Therefore there will be no impacts to 
SBKR.  
 
Los Angeles pocket mouse, southern grasshopper mouse, northwestern San Diego pocket mouse, 
and San Diego desert woodrat were detected on-site in the recharge area during focused trapping 
surveys for SBKR in 2009. These species may be affected during construction of this portion of 
the project, including habitat loss, displacement, stress, and potential injury or mortality due to 
crushing or the collapsing of burrows.  
 
5.1.2.4 Least Bell’s Vireo and Southwestern Willow Flycatcher 

There is marginal habitat for LBVI located within the project boundaries and this species has 
been documented in the Rialto Channel and in downstream willow habitat; therefore, LBVI 
could occur within the project boundaries. If construction occurs during the avian nesting season, 
take of LBVI, if present, could occur through disruption of nesting or foraging activities or 
otherwise undue stress to individual birds.  
 
A focused survey for LBVI is recommended for spring of 2015. If LBVI is determined to occupy 
the project site, avoidance measures will be recommended at that time. If avoidance is not 
possible, take of this species will be addressed in a Biological Opinion from the USFWS and an 
ITP from the CDFW. 
 
No suitable SWWF habitat exists within the project site and construction related impacts to this 
species are not expected. However, based on the most recent Critical Habitat designation in 2013 
(78 FR 343 534), SWWF designated Critical Habitat will be affected by the project through loss 
of vegetation within the project footprint. Loss or adverse modification of SWWF Critical 
Habitat (e.g. vegetation removal or loss of riparian habitat) will require coordination with 
USFWS through the Section 7 Consultation process 
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5.1.2.5 Burrowing Owl 

Focused BUOW surveys were conducted on the project site in 2009. No BUOW or BUOW sign 
were detected within the survey area, and site conditions have not changed since these surveys. 
Direct impacts to BUOW within the project site are not expected. However, it is recommended 
that a BUOW clearance survey be conducted prior to any ground disturbing activities in 
accordance with the CDFW 2012 Staff Report on Burrowing Owl Mitigation. 
 
5.1.2.6 Raptors 

There is marginal habitat for raptors within the project site. Raptors could forage through the 
SAR and in upland areas, but nesting habitat in the area is limited. There may be minor effects to 
raptors through the loss of foraging habitat in the SAR and the recharge areas, but pending a 
preconstruction nesting bird clearance survey, no impacts are expected to nesting raptors. 
 
5.1.2.7 Migratory Birds 

There is nesting and foraging habitat of varying quality throughout the entire project site. Habitat 
for these birds will be lost. Birds may also be displaced or injured or may have foraging and 
nesting activities disrupted by project construction, particularly if construction occurs during the 
avian nesting season.  

5.2 INDIRECT IMPACTS 

The following discussion addresses concerns related to potential impacts upon riparian, fisheries, 
and other wildlife resources in the SAR as they relate to the project reduction in surface water 
flow levels in the river and changes in hydrology to adjacent riparian and upland areas. 
Implementation of this project has potential to indirectly affect downstream riparian and aquatic 
resources beginning at approximately RM 23. Some degree of hydrologic changes will occur 
downstream of the project limits due to impoundment, diversion, and recharge of surface water.  
 
The maximum amount of water that will be taken from the surface flow at any given time is 200 
cfs, the physical limit of the infrastructure. Any flow greater than 200 cfs, no matter the size of a 
storm event, will overtop the rubber dam and continue downstream. Operations of the rubber 
dam will effectively “scalp” water off the beginning and ends of a storm event. Based on data 
from 1999-2010, (post-Seven Oaks Dam), the average annual Santa Ana River discharge at the 
project location under existing conditions is 226,924 ac-ft, 41,488 ac-ft, and 15,614 ac-ft for wet, 
average, and dry years, respectively. Factoring in the limitations of the diversion structure and 
recharge basins, the total capture possible by the project is 25,700 ac-ft in a wet year, 14,000 ac-
ft in an average year, and 6,200 ac-ft in a dry year (Geoscience 2014).  For example, a theoretical 
storm lasting approximately 30 hours in late February with a peak of approximately 6,000 cfs 
would have a total discharge volume of 4,356 ac-ft. During this storm the project could only 
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capture approximately 261 acre feet, or 6% of the total storm flow. Approximately 4,085 ac-ft of 
water would continue downstream past the project area. A smaller theoretical storm in 
September could have a peak flow near 2,500 cfs and total volume of 453 ac-ft, of which 
approximately 89 ac-ft could be captured by the project, or approximately 20% of the storm 
flow. In either scenario, due to the limiting factors of the infrastructure (operational only with 
flows less than 1,500 cfs and a maximum capture rate of 200 cfs) and the flashy storm systems 
that occur in this watershed, a large volume of water will continue to flow downstream during 
most storm events (see Hydrology Section for additional detail). 

5.2.1 Riparian Habitat 

The degree to which the loss of this 200 cfs of surface flow will cause indirect impacts to 
downstream riparian vegetation and/or dependent wildlife species is unknown. It is important to 
remember that just because there is sufficient volume for water to reach RM 23, there is no 
certainty that the flow would intercept the perennial stream and contribute to the riparian 
vegetation community. However, several scenarios of potential impacts based on surface flow 
conditions are discussed below.  
 
If surface flows in the project area are greater than 0 cfs but lower than 60 cfs the rubber dam 
will be inflated and impounding water.  Under this flow regime, there will be no impact to 
riparian habitat located at approximately RM 23 because the water will have naturally infiltrated 
the sandy river bottom before reaching the habitat.  
 
The greatest potential for indirect impact to riparian habitat exists when surface flow in the 
project area is greater than 60 cfs (needed for water to reach RM 23) and below 260 cfs (when 
the dam is capturing 200 cfs). Within this range of flow, the project will likely prevent nearly 
100% of the water (200 cfs captured/diverted and 60 cfs that overtops the rubber dam but 
infiltrates prior to reaching RM 23) from reaching RM 23 where substantial stands of riparian 
vegetation are established in this portion of the river. However, groundwater levels and surface 
flows are sufficiently high in this immediate area to maintain the existing riparian habitat.  
 
During flow events greater than 260 cfs, some portion of the surface flow would reach RM 23. 
However, it is difficult to predict what benefit this water may have to riparian habitat 
downstream. In this area, the Santa Ana River consists of a wide alluvial floodplain with an inset 
low flow channel, which shifts within the riverbed periodically, often due to large storm events. 
Once flow in the river is higher than 260 cfs, some portion of water will likely reach RM 23 
although there is no certainty that the flow would comingle with perennial flow (~ 25% of the 
channel at RM 23) on the north bank of the river to benefit existing riparian vegetation. It is 
possible that flows would continue downstream on a path located within the remaining 75% of 
dry river bed. Due to the ephemeral nature of this flow, it is unlikely that this periodic, short term 
flow in a new portion of the riverbed would provide sustaining benefit to vegetation. 
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5.2.2 Santa Ana Sucker 

SASU is known to occupy the Rialto Drain and the perennial habitat downstream of this point 
(RM 23). This species requires gravel/cobble substrates for feeding and reproduction. Sand and 
fine sediment may be captured behind the dam structure and carried downstream by a storm 
event. Periodic flushing of accumulated suspended sediment at the dam site is expected to carry 
sediment up to approximately 3,000 feet downstream of the dam; however, the rubber dam is 
located approximately 15,840 feet upstream of occupied habitat (AECOM 2011). While it is 
possible that a series of storms could push deposited sediment downstream toward occupied 
habitat, it is expected that the sediment will be well dispersed over the entire floodplain during 
subsequent events. Ongoing maintenance activities will also permanently remove some portion 
of the sands and silts from behind the dam and deposit outside the river system. This would be an 
indirect benefit to SASU habitat. 
 
Indirect impacts to riparian vegetation located along the banks of the occupied perennial stream 
beginning at RM 23 could potentially negatively impact SASU and its critical habitat.  However, 
the potential for this is small due to operations of the dam and current riverbed conditions (see 
Riparian Habitat section above).  

5.2.3 Small Mammals 

There is marginal, if any, habitat for small mammal species within the SAR downstream of the 
project site. Because these species are not dependent on riparian or aquatic habitat, no impacts 
are expected to small mammals downstream of the site. 

5.2.4 Least Bell’s Vireo and Southwestern Willow Flycatcher 

Both of these species have been documented within the SAR downstream of the project site. Any 
indirect impacts to the riparian and aquatic habitats in the offsite review area could potentially 
affect these listed species. However, the impacts are likely to be small (see Riparian Habitat 
section).  

5.2.5 Santa Ana River Woolly-Star 

There are known occurrences of this species several miles downstream of the project site (e.g. 
near Riverside Avenue). These occurrences are located adjacent to the perennial section of the 
SAR and no impacts are expected to occur to woolly-star as a result of the impoundment of 
water in the intermittent section of the river. Because woolly-star depends upon hydrology for 
seed dispersal and germination prevention of high flow storm events could result in reduced gene 
flow and germination of future woolly-star seedlings downstream of the project. However, 
operations of the dam will not prevent peaks of storms greater than 1,500 cfs from reaching 
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woolly-star populations downstream; therefore, the project is not likely to impact woolly-star 
downstream of the project area.  

5.2.6 Burrowing Owl 

There is no habitat for this species downstream of the project site. No offsite impacts are 
expected. 

5.2.7 Raptors 

There is suitable foraging habitat for raptors downstream of the project site, although they are 
more likely to forage in the many open fields in the upland areas outside of the SAR. However, 
the impacts are likely to be small (see Riparian Habitat section). Nesting activities downstream 
of the site would not be affected. No impacts are expected to occur to raptors downstream of the 
project site. 

5.2.8 Migratory Birds 

Migratory birds occur throughout the area, including downstream of the project site. Only those 
that are dependent on in-stream habitat, particularly shorebirds and waterfowl, would be 
expected to be affected at all. However, the impacts are likely to be small (see Riparian Habitat 
section). Project implementation is not expected to adversely affect nesting or foraging activities 
of migratory birds downstream of the project site. 

5.2.9 Wildlife Movement 

There may be minor construction-related impacts to wildlife movement in areas immediately 
downstream of construction (i.e. animals avoiding the area due to nearby construction). Water 
levels and quality of the in-stream and riparian habitat in downstream areas are otherwise not 
expected to be adversely affected by the project and thus impacts to wildlife movement 
downstream of the site are expected to be negligible if any. The dam will be constructed within 
the SAR, but will be normally hidden at grade with the riverbed except when flows are present. 
Once the offsite basins are filled or flows exceed 1,500 cfs the dam will be lowered. When it is 
elevated it could create a barrier to wildlife movement, requiring animals to go around it into 
upland areas. However, most of the time the dam will be surface level and would not create an 
impediment. 
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Section 6 Recommendations 

6.1 DELHI SANDS FLOWER-LOVING FLY 

In general, the site has conditions unsuitable to support a DSF population. The 100-meter wide 
strip of Delhi Sand soils adjacent to the western levee represents conditions that are very 
marginal for DSF. According to the USFWS the site does not represent potential DSF habitat as 
no clean Delhi Sand soils occur on-site and as such protocol DSF surveys are not warranted for 
the project site. There is no potential risk of the take of DSF and no further action is 
recommended. 

6.2 SMALL MAMMALS 

The trapping results show that SBKR do not currently occur within the project footprint or action 
area and will not be adversely affected by construction or operation of the proposed project. 
Based on the survey findings there is no potential risk of the take of SBKR. Although no SBKR 
were found, a number of small mammal species considered Species of special concern, including 
Los Angeles pocket mouse, southern grasshopper mouse, northwestern San Diego pocket mouse, 
and San Diego desert woodrat, were captured in the project site during SBKR trapping. To 
minimize the impacts to these species of special concern, the following recommendations should 
be implemented:  
  
Following the pre-construction survey, a qualified biologist will make a determination: (1) if a 
biological monitor should be present at the site during all land disturbance activities; (2) if 
exclusionary fencing needs to be installed around the perimeter of the construction work zone; or 
(3) if no further action is required. The biologist/monitor should remain on-call during 
construction activities. If by chance any of the aforementioned small mammal species are 
encountered during construction following the initial phases of ground disturbance, construction 
activities shall be halted in the vicinity of the find and the biologist/monitor called to the site. 
The contractor shall implement the recommendations of the biologist/monitor who will 
coordinate with the CDFW. 

6.3 PLANTS 

Botanical surveys that were conducted in 2009, 2011, and 2013 verified the presence of SARWS 
within, and adjacent to, the project site. No other sensitive plant species were noted. It is 
recommended that a focused sensitive plant survey be conducted in accordance with CDFWs 
2009 protocol by a qualified biologist prior to commencement of ground disturbing activities and 
that all locations be marked for avoidance during construction and operation of the project. If 
complete avoidance is not possible, an Incidental Take Permit will be required from CDFW.  
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6.4 LEAST BELL’S VIREO AND SOUTHWESTERN WILLOW 
FLYCATCHER 

LBVI and SWWF have been recorded throughout the SAR downstream of the project site. 
Marginally suitable riparian vegetation occurs on the project site that could support LBVI, but 
would not be expected to support SWWF. A focused survey for LBVI is recommended for 
spring of 2015. If LBVI is determined to occupy the project site, avoidance measures will be 
recommended at that time. If avoidance is not possible, take of this species will be addressed in a 
Biological Opinion from the USFWS and an ITP from the CDFW. 
 
Based on the most recent Critical Habitat designation in 2013 (78 FR 343 534), the in-channel 
portion of the project area, where the inflatable dam and in-channel improvements are proposed, 
as well as the western bank where the off-channel recharge would occur, are mapped within 
SWWF critical habitat. Loss or adverse modification of SWWF Critical Habitat (e.g. vegetation 
removal or loss of riparian habitat) will require coordination with USFWS through the Section 7 
Consultation process. 

6.5 SANTA ANA SUCKER 

SASU is known to occur downstream of the project site beginning at the Rialto Drain and RIX 
facility, but it does not occur within the project area or in areas directly affected by the project. 
Based on a 2011 evaluation of potential impacts, it was concluded that impacts to streamflow 
(i.e. timing, magnitude, and duration), sediment transport, and water quality as a result of the 
construction and operation of the proposed dam will not adversely affect Santa Ana Sucker 
populations occurring downstream of the project site (AECOM 2011, RBF 2014b). Additionally, 
the project will not impair or otherwise impact existing migratory patterns or access to known 
spawning or rearing sites. No direct impacts to this species are expected. 
 
The project is located within designated Critical Habitat for SASU. Loss or adverse modification 
of SASU Critical Habitat (e.g. loss of in-stream habitat, adverse alterations in sediment transport 
mechanisms) will require coordination with USFWS through the Section 7 Consultation process. 
The City of Riverside has been discussing potential enhancement of existing habitat currently 
occupied by SASU with USFWS to offset potential impacts to designated Critical Habitat.  

6.6 BURROWING OWL 

Survey results from 2009 and subsequent follow-up assessments show that burrowing owls do 
not currently occupy the project site and there is no current potential risk of the take of 
burrowing owls. Although no BUOWs or BUOW sign (e.g. burrows, pellets, feathers, castings, 
or white wash) was observed during the 2009 surveys, areas adjacent to the SAR contain suitable 
habitat that may be used by BUOW in the future. Therefore, a pre-construction BUOW clearance 
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survey should be conducted in accordance with the 2012 CDFW protocol prior to any ground 
disturbing activities. This clearance survey can be conducted as part of the pre-construction 
nesting bird clearance survey. If burrowing owl are encountered and determined to be nesting, 
land disturbance activities shall not commence until the biologist has implemented the required 
measures according to the CDFW to clear the site for construction. One such measure may be to 
passively relocate the owls once the young have fledged the nest. This type of relocation requires 
the construction of artificial burrows in the near vicinity and collapsing of the old burrows once 
the owls have clearly flushed out of the site.  
  
If burrowing owls are encountered during construction, construction activities shall be halted in 
the vicinity of the find and the biologist/monitor called to the site. The contractor shall 
implement the recommendations of the biologist/monitor. 

6.7 RAPTORS 

Vegetation within and adjacent to the project site provides suitable habitat for raptor foraging, 
with limited nesting opportunities. It is recommended that a pre-construction nesting bird 
clearance survey be conducted prior to the start of construction (Section 6.8 below) and that all 
active raptor nests have a no-disturbance buffer of 500 feet around them until the young fledge or 
the nest otherwise becomes inactive. 

6.8 NESTING BIRDS 

Vegetation within and adjacent to the project site provides suitable avian nesting opportunities. 
Nesting birds are protected pursuant to the MBTA and California Fish and Game Code. 
Therefore, if ground-disturbing activities or removal of any trees, shrubs, or any other potential 
nesting habitat are scheduled within the avian nesting season (nesting season generally extends 
from February 1 - August 31), a pre-construction clearance survey for nesting birds should be 
conducted within three (3) days prior to any ground disturbing activities. The biologist 
conducting the clearance survey should document a negative survey with a brief letter report 
indicating that no impacts to active bird nests will occur. If an active avian nest is discovered 
during the preconstruction clearance survey, construction activities should stay outside of a 300-
foot buffer around the active nest. For raptor species, this buffer is expanded to 500-feet. It is 
recommended that a biological monitor be present to delineate the boundaries of the buffer area 
and to monitor the active nest to ensure that nesting behavior is not adversely affected by the 
construction activity. 

6.9 WILDLIFE MOVEMENT CORRIDORS 

Figure 6-3a: Critical Habitat / Sensitive Species - Valley Region from the Conservation Element 
Background Report for the San Bernardino County’s General Plan shows the project area is 
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within a "Wildlife Linkage Corridor" along the SAR. It should be noted that the SAR is one of 
the few remaining biological corridors through the highly urbanized San Bernardino Valley and 
the greater southern California area that provides connectivity between remnant habitats within 
the greater urbanized area and large protected habitat areas located outside of the urbanized area. 
Under predicted climate change, biological corridors that provide connectivity between different 
types of habitat are likely going to become increasingly important in allowing the exchange of 
adaptive genes for alleles to spread as well as allowing species to migrate to new areas of 
appropriate habitat. 
 
The project should take care to not interrupt the integrity of connectivity for wildlife movement. 
Potential indirect adverse impacts to adjacent natural areas and organisms include a variety of 
factors resulting from increased disturbance due to visitation by humans: for example, loss of 
efficiency in foraging and other activities due to distraction and interference, increased invasion 
by non-native plants and animals due to human transport, and increased risk of fire. For the 
proposed project, such indirect effects are essentially limited to the construction period. 
Measures should be implemented to protect the natural integrity of the drainage. One such 
measure could be barrier fencing to prevent further intrusion and degradation in this area of the 
SAR. Following construction the site should be restored to its pre-project conditions through the 
implementation of a Habitat Mitigation Monitoring and Reporting Program.  

6.10 JURISDICTIONAL WATERS 

Based on the results of the updated 2014 jurisdictional delineation, the following regulatory 
permits will need to be acquired prior to the commencement of any construction activities within 
the delineated jurisdictional areas: Corps Section 404 Standard Individual Permit; Regional 
Board Section 401 Water Quality Certification; and CDFW Section 1602 Streambed Alteration 
Agreement. Since the project site is located within federally designated Critical Habitat for 
SWWF and SASU and there may be impacts to SARWS, the Corps will have to consult under 
Section 7 of the ESA with the USFWS before a Section 404 Permit is issued. The Corps must 
consult with USFWS to determine if a loss or adverse modification to Critical Habitat will occur 
as well as the loss of SARWS populations. In addition, the presence of SARWS on the project 
site will require that an ITP be acquired from CDFW. 
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Scientific Name 

Common Name Status Habitat Observed 
On-site Potential to Occur 

Wildlife Species  
Aspidoscelis 

hyperythra 

orange-throated 
whiptail 

Fed: 
CA: 

None 
CSC 

Semi-arid brushy areas typically with loose soil and rocks, including washes, streamsides, 
rocky hillsides, and coastal chaparral. No Moderate. There is suitable habitat for 

this species throughout most of the site. 

Aspidoscelis tigris 

stejnegeri 

coastal whiptail 

Fed: 
CA: 

None 
None 

Found in a variety of ecosystems, primarily hot and dry open areas with sparse foliage - 
chaparral, woodland, and riparian areas. No Moderate. There is suitable habitat 

throughout the project site. 

Athene cunicularia 

burrowing owl 
Fed: 
CA: 

None 
CSC 

Occurs in dry, open areas such as grasslands, prairies, savannas, deserts, farmlands, golf 
courses and other urban areas. No Low. There is marginal habitat on-site.  

Carolella busckana 

Busck’s gallmoth 
Fed: 
CA: 

None 
None Occurs in coastal dunes and coastal scrub habitat. No  

Catostomus 

santaanae 

Santa Ana sucker 

Fed: 
CA: 

THR 
CSC 

Occur in the watersheds draining the San Gabriel and San Bernardino Mountains of 
southern California. Steams that Santa Ana Sucker inhabits are generally perennial 
streams with water ranging in depth from a few inches to several feet and with currents 
ranging from slight to swift.  

No 

Presumed absent. There is no suitable 
habitat. The Santa Ana River is dry within 

the project site, and this species is not 
known to occur upstream of the Rialto 

Drain. 

Chaetodipus fallax 

fallax 

northwestern San 
Diego pocket mouse 

Fed: 
CA: 

None 
CSC 

Occurs in desert and coastal habitats in southern California, Mexico, and northern Baja 
California, from sea level to at least 1,400 meters elevation. Found in a variety of 
temperate habitats ranging from chaparral and grasslands to scrub forests and deserts.  
Requires low growing vegetation or rocky outcroppings, as well as sandy soils for 
burrowing. 

Yes (2009) High. This species was captured during 
focused trapping in 2009. 

Coccyzus americanus 

occidentalis 

western yellow-billed 
cuckoo 

Fed: 
CA: 

THR 
END 

Obligate riparian species with a primary habitat association of willow-cottonwood riparian 
forest. No Presumed absent. There is no suitable 

habitat. 

Crotalus ruber ruber 

northern red-diamond 
rattlesnake 

Fed: 
CA: 

None 
CSC 

It can be found from the desert, through dense chaparral in the foothills (it avoids the 
mountains above around 4,000 feet), to warm inland mesas and valleys, all the way to the 
cool ocean shore.  It is most commonly associated with heavy brush with large rocks or 
boulders. Dense chaparral in the foothills, cactus or boulder associated coastal sage scrub, 
oak and pine woodlands, and desert slope scrub associations are known to carry 
populations of the northern red-diamond rattlesnake; however, chamise and red shank 
associations may offer better structural habitat for refuges and food resources for this 
species than other habitats. 

No Presumed absent. There is no suitable 
habitat. 

Dipodomys merriami 

parvus 

San Bernardino 
kangaroo rat 

Fed: 
CA: 

END 
CSC 

Primarily found in Riversidean alluvial fan sage scrub and sandy loam soils, alluvial fans 
and flood plains, and along washes with nearby sage scrub. May occur at lower densities 
in Riversidean upland sage scrub, chaparral and grassland in uplands and tributaries in 
proximity to Riversidean alluvial fan sage scrub habitats. Tend to avoid rocky substrates 
and prefer sandy loam substrates for digging of shallow burrows. 

No 

Presumed absent. While suitable habitat 
is present on-site, this species was not 

captured during focused surveys and has 
not been observed in the general project 

vicinity in over a decade. 
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Scientific Name 

Common Name Status Habitat Observed 
On-site Potential to Occur 

Empidonax traillii 

extimus 

southwestern willow 
flycatcher 

Fed: 
CA: 

END 
END 

Occurs in riparian woodlands in southern California. Typically requires large areas of 
willow thickets in broad valleys, canyon bottoms, or around ponds and lakes. These areas 
typically have standing or running water, or are at least moist. 

No Presumed absent. There is no suitable 
habitat. 

Eumops perotis 

californicus 

western mastiff bat 

Fed: 
CA: 

None 
CSC 

Primarily a cliff-dwelling species, roost generally under exfoliating rock slabs.  Roosts are 
generally high above the ground, usually allowing a clear vertical drop of at least three 
meters below the entrance for flight. In California, it is most frequently encountered in 
broad open areas. Its foraging habitat includes dry desert washes, flood plains, chaparral, 
oak woodland, open ponderosa pine forest, grassland, and agricultural areas. 

No 
Moderate. There is suitable habitat where 
Mt. Vernon Avenue crosses the Santa Ana 

River. 

Gila orcuttii 

arroyo chub 
Fed: 
CA: 

None 
CSC 

(THR in 
native 
range) 

Warm streams of the Los Angeles Plain, which are typically muddy torrents during the 
winter, and clear quiet brooks in the summer, possibly drying up in places. They are found 
both in slow-moving and fast-moving sections, but generally deeper than 40 cm.  

No 

Presumed absent. While there is marginal 
habitat within the flowline of the project 

site, the Santa Ana River is dry within site 
boundaries except during storm events. 

Lasiurus xanthinus 

western yellow bat 
Fed: 
CA: 

None 
CSC 

Roosts in trees, especially palms, in valley foothill riparian, desert riparian, desert wash, 
and palm oasis habitats. This species forages over water and between trees. No Low. There is marginal habitat on-site. 

Lepus californicus 

bennettii 

San Diego black-
tailed jackrabbit 

Fed: 
CA: 

None 
CSC 

Occurs in diverse habitats, but primarily is found in arid regions supporting shortgrass 
habitats.  Openness of open scrub habitat is preferred over dense chaparral.  Yes Present. This species was observed on-site 

in the Santa Ana River in December 2014. 

Nyctinomops 

femorosaccus 

pocketed  free-tailed 
bat 

Fed: 
CA: 

None 
CSC 

Often found in pinyon-juniper woodlands, desert scrub, desert succulent shrub, desert 
riparian, desert wash, alkali desert scrub, Joshua tree, and palm oasis. No Presumed absent. There is no suitable 

habitat. 

Onychomys torridus 

ramona 

southern grasshopper 
mouse 

Fed: 
CA: 

None 
CSC Inhabits prairies and the southwestern desert. Yes (2009) High. This species was captured during 

focused trapping in 2009. 

Perognathus 

longimembris 

brevinasus 

Los Angeles pocket 
mouse 

Fed: 
CA: 

None 
CSC 

Occurs in lower elevation grasslands and coastal sage scrub communities in and around 
the Los Angeles Basin.  Prefers open ground with fine sandy soils.  May not dig extensive 
burrows, but instead will seek refuge under weeds and dead leaves instead. 

Yes (2009) High. This species was captured during 
focused trapping in 2009. 

Phrynosoma 

blainvillii 

coast horned lizard 

Fed: 
CA: 

None 
CSC 

Found in a wide variety of vegetation types including coastal sage scrub, annual grassland, 
chaparral, oak woodland, riparian woodland and coniferous forest. The key elements of 
such habitats are loose, fine soils with a high sand fraction; an abundance of native ants or 
other insects; and open areas with limited overstory for basking and low, but relatively 
dense shrubs for refuge. 

Yes (2009) High. Multiple individuals of this species 
were observed on-site in 2009. 

Polioptila californica 

californica 

coastal California 
gnatcatcher 

Fed: 
CA: 

THR 
CSC 

Obligate resident of sage scrub habitats that are dominated by California sagebrush. This 
species generally occurs below 750 feet elevation in coastal regions and below 1,500 feet 
inland. It prefers habitat with more low-growing vegetation. 

No Low. There is marginal habitat on-site. 
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Scientific Name 

Common Name Status Habitat Observed 
On-site Potential to Occur 

Rhaphiomidas 

terminatus 

abdominalis 

Delhi Sands flower-
loving fly 

Fed: 
CA: 

END 
CSC 

DSF habitat is limited to areas that include Delhi fine sand, an aeolian (wind-deposited) 
soil type. The highest density of DSF have been found in habitat that includes a variety of 
plants including California buckwheat, California croton, deerweed, and telegraph weed. 

No Presumed absent. There is no suitable 
habitat. 

Taxidea taxus 

American badger 
Fed: 
CA: 

None 
CSC 

Primarily occupy grasslands, parklands, farms, tallgrass and shortgrass prairies, meadows, 
shrub-steppe communities and other treeless areas with sandy loam soils where it can dig 
more easily for its prey. Occasionally found in open chaparral (with less than 50% plant 
cover) and riparian zones. 

No Low. There is marginal habitat on-site. 

Vireo bellii pusillus 

least Bell’s vireo 
Fed: 
CA: 

END 
END 

Primarily occupy riparian habitat that typically feature dense cover within 1 -2 meters of 
the ground and a dense, stratified canopy.  Typically it is associated with southern willow 
scrub, cottonwood-willow forest, mule fat scrub, sycamore alluvial woodlands, coast live 
oak riparian forest, arroyo willow riparian forest, or mesquite in desert localities.   

No Low. There is marginal habitat on-site. 

Plant Species 

Arenaria paludicola 

marsh sandwort 

Fed: 
CA: 

CNPS: 

END 
END 
1B.1 

Occurs in freshwater marshes and swamps. From 33 to 558 feet in elevation. No Presumed absent. The site is outside of 
the known elevation range for this species. 

Astragalus hornii var. 

hornii 

Horn’s milk-vetch 

Fed: 
CA: 

CNPS: 

None 
None 
1B.1 

Occurs in meadows, seeps, and playas. From 197 to 2,789 feet in elevation. No Presumed absent. There is no suitable 
habitat. 

Carex comosa 

bristly sedge 

Fed: 
CA: 

CNPS: 

None 
None 
2B.1 

Found in marshes and swamps. From 0 to 2,051 feet in elevation. No Presumed absent. There is no suitable 
habitat. 

Centromadia pungens 

ssp. laevis 

smooth tarplant 

Fed: 
CA: 

CNPS: 

None 
None 
1B.1 

Occurs in alkali meadow, alkali scrub, and disturbed areas within valley and foothill 
grassland, chenopod scrub, meadows, playas, and riparian woodland. From 3 to 2,100 feet 
in elevation. 

No Low. There is marginal habitat on-site. 

Chloropyron 

maritimum ssp. 

maritimum 

salt marsh bird's-beak 

Fed: 
CA: 

CNPS: 

END 
END 
1B.2 

Upper terraces and higher edges of coastal salt marshes where tidal inundation is periodic. 
From 0 to 98 feet in elevation. No 

Presumed absent. There is no suitable 
habitat and the site is outside of the known 

elevation range for this species. 

Chorizanthe parryi 

var. parryi 

Parry’s spineflower 

Fed: 
CA: 

CNPS: 

None 
None 
1B.1 

Occurs on sandy and/or rocky soils in chaparral, coastal sage scrub, and sandy openings 
within alluvial washes and margins. From 131 to 5,594 feet in elevation. No Moderate. There is suitable habitat on-site 

in the upland portions of the site. 

Dodecahema 

leptoceras 
slender-horned 
spineflower 

Fed: 
CA: 

CNPS: 

END 
END 
1B.1 

Chaparral, coastal scrub (alluvial fan sage scrub).  Flood deposited terraces and washes. 
From 656 to 2,493 feet in elevation. No Low. There is marginal habitat on-site. 
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Common Name Status Habitat Observed 
On-site Potential to Occur 

Eriastrum 

densifolium ssp. 

sanctorum 

Santa Ana River 
woolly star 

Fed: 
CA: 

CNPS: 

END 
END 
1B.1 

Coastal scrub, chaparral in sandy soils on river floodplains or terraces fluvial deposits. 
From 295 to 2,001 feet in elevation. Yes 

Present. This species was observed in 
abundance in the upland portion of the 

project site in December 2014. 

Galium californicum 

ssp. primum 

Alvin Meadow 
bedstraw 

Fed: 
CA: 

CNPS: 

None 
None 
1B.2 

Chaparral, lower montane coniferous forest between 4,429 and 5,577 feet in elevation. No 
Presumed absent. There is no suitable 

habitat and the site is outside of the known 
elevation range of this species. 

Helianthus nuttallii 

ssp. parishii 

Los Angeles 
sunflower 

Fed: 
CA: 

CNPS: 

None 
None 
1A 

Occurs in marshes, swamps, and on damp river banks. From 16 to 5,495 feet in elevation. No 
Presumed absent. There is no suitable 

habitat. This species is presumed 
extirpated. 

Horkelia cuneata var. 

puberula 

mesa horkelia 

Fed: 
CA: 

CNPS: 

None 
None 
1B.1 

Occurs on sandy or gravelly soils in chaparral, woodlands, and coastal scrub plant 
communities. From 230 to 2,657 feet in elevation. No Low. There is marginal habitat on-site. 

Lepidium virginicum 

var. robinsonii 

Robinson’s pepper-
grass 

Fed: 
CA: 

CNPS: 

None 
None 
4.3 

Dry soils on chaparral and coastal sage scrub. From 3 to 2,904 feet in elevation. No Low. There is marginal habitat on-site. 

Lycium parishii 

Parish’s desert-thorn 

Fed: 
CA: 

CNPS: 

None 
None 
2B.3 

Coastal scrub and Sonoran desert scrub habitat. From 984 to 3,281 feet in elevation. No Presumed absent. There is no suitable 
habitat. 

Monardella pringlei 

Pringle’s monardella 

Fed: 
CA: 

CNPS: 

None 
None 
1A 

Sandy hills covered in coastal sage scrub from 984 to 1,312 feet in elevation. No Presumed absent. There is no suitable 
habitat. 

Nasturtium gambelii 

Gambel’s water cress 

Fed: 
CA: 

CNPS: 

END 
THR 
1B.1 

Brackish marsh, freshwater marsh, swamps, and wetlands. From 16 to 1,083 feet in 
elevation. No Presumed absent. There is no suitable 

habitat. 

Ribes divaricatum 

var. parishii 

Parish’s gooseberry 

Fed: 
CA: 

CNPS: 

None 
None 
1A 

Occurs in riparian woodland, usually in willow swales. From 213 to 328 feet in elevation. No 
Presumed absent. There is no suitable 

habitat and the site is outside of the known 
elevation range of this species. 

Sidalcea 

neomexicana 

Salt Spring 
checkerbloom 

Fed: 
CA: 

CNPS: 

None 
None 
2B.2 

Occurs in alkali springs and marshes within alkali playas, brackish marshes, chaparral, 
coastal scrub, lower montane coniferous forest, and Mojavean desert scrub. From 49 to 
5,020 feet in elevation. 

No Low. There is marginal habitat on-site. 

Symphyotrichum 

defoliatum 

San Bernardino aster 

Fed: 
CA: 

CNPS: 

None 
None 
1B.2 

Grows in grasslands and disturbed areas in the San Gabriel and San Bernardino Mountains 
and Peninsular Range. Occurs in vernally wet sites including ditches, streams, and springs 
in many plant communities. From 7 to 6,693 feet in elevation. 

No Low. There is marginal habitat on-site. 

Sensitive Habitats 
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Scientific Name 

Common Name Status Habitat Observed 
On-site Potential to Occur 

Riversidean Alluvial 
Fan Sage Scrub 

CDFW Sensitive 
Habitat 

Considered a distinct and rare plant community found primarily on alluvial fans and flood 
plains along the southern bases of the Transverse Ranges and portions of the Peninsular 
Ranges in southern California.  Relatively open vegetation type is adapted to periodic 
flooding and erosion and is comprised of an assortment of drought-deciduous shrubs and 
larger evergreen woody shrubs characteristic of both coastal sage scrub and chaparral 
communities. 

Yes Present 

Southern Cottonwood 
Willow Riparian 
Forest 

CDFW Sensitive 
Habitat 

Dominated by cottonwood (Populus sp.) and willow (Salix sp.) trees and shrubs.  
Considered to be an early successional stage as both species are known to germinate 
almost exclusively on recently deposited or exposed alluvial soils. 
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CDFW Sensitive 
Habitat Riparian zones dominated by small trees or shrubs, lacking taller riparian trees. No Absent. 
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Executive Summary 
Introduction: At the request of the City of Riverside, Public Utilities, RBF Consulting, a 
Michael Baker International Company (RBF), has prepared this Delineation of California 
Department of Fish and Wildlife (CDFW) Jurisdictional Areas (Delineation) for the Riverside 
North Aquifer Storage and Recovery Project (project), located in San Bernardino County, 
California. 

Methods: The field work for this Delineation was conducted on November 18, 2014. RBF 
previously conducted field visits on February 5, 2009 and June 26, 2013.  This Delineation 
documents the regulatory authority of the CDFW pursuant to the California Fish and Game 
Code within the project site as well as additional areas making up the “survey area”. 

Results: CDFW jurisdictional areas were identified within the survey area. The Santa Ana 
River and one unnamed ephemeral drainage feature (referred to as Drainage A in this 
Delineation) as well as CDFW associated jurisdictional habitat was observed within the 
survey area.  Alteration of these jurisdictional areas is subject to CDFW jurisdiction and 
approval.  Table ES-1 identifies the total impacted jurisdiction on-site for the CDFW.  CDFW 
jurisdiction includes CDFW streambed as well as associated jurisdictional habitat including 
Riversidean Alluvial Fan Sage Scrub (RAFSS), a CDFW sensitive habitat that can be 
considered jurisdictional within the 100-year flood plain, mulefat scrub, and southern willow 
scrub.  Please note that storm events between fall 2014 and spring 2015 have resulted in 
new erosional channels that flow into Drainage A.  These new erosional channels may be 
considered jurisdictional.  An updated jurisdictional delineation will be conducted prior to any 
ground disturbances to document these recent changes and will be used in the regulatory 
permitting process. 
 
 

TABLE ES-1. Jurisdictional Area and Impact Summary 

Drainage Feature 
Jurisdictional Area (acres) 

Jurisdictional Impact Area (acres) 

Permanent  Temporary 

Streambed Associated 
Habitat Streambed Associated 

Habitat Streambed Associated 
Habitat 

Santa Ana River 164.36 9.71 0.13 0.00 3.19 0.31 

Drainage A 3.32 10.09 0.08 0.50 0.25 0.21 

Totals 167.68 19.80 0.21 0.50 3.44 0.53 
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Conclusion: Based on the results of the Delineation, all “streambed and riparian” habitats, 
including the RAFSS plant community within the 100-year floodplain, fall under the 
regulatory jurisdiction of the CDFW pursuant to Section 1600 et. seq. of the CFW Code. A 
CDFW Section 1602 Streambed Alteration Agreement (SAA) is required for all activities 
within the Santa Ana River and Drainage A to address any potential impacts to CDFW 
jurisdiction.  
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Section 1 Introduction and Purpose 
This Delineation contains the findings of RBF Consulting’s (RBF) Delineation of CDFW 
Jurisdictional Areas (Delineation) for the Riverside North Aquifer Storage and Recovery 
Project (project). This Delineation was conducted for the City of Riverside, Public Utilities to 
delineate areas within the project site as well as additional surrounding areas making up the 
“survey area” that fall under the regulatory jurisdiction of CDFW pursuant to Section 1600 et. 
seq. of the CDFW Code. As with any delineation, final jurisdictional boundaries are defined 
by the CDFW.  This Delineation was designed to document and explain the rationale 
employed in determining the limits of CDFWs jurisdictional authority, map and evaluate the 
resources within CDFW jurisdictional limits, and to support the findings made by RBF within 
the boundaries of the survey area.   

1.1 PROJECT LOCATION 

The survey area is located in the southern portion of the City of Colton and north of the City 
of Grand Terrace in southwestern San Bernardino County, California (Exhibit 1, Regional 
Vicinity) where it encompasses approximately 358 acres, including the Santa Ana River. 
The project site is depicted on the San Bernardino South United States Geological Survey 
(USGS) 7.5-minute quadrangle within an unsectioned portion of Township 1 south, Range 4 
west (Exhibit 2, Site Vicinity). The survey area is located southwest of the intersection of the 
San Bernardino (I-10) and Riverside (I-215) freeway interchanges (Exhibit 3, Project Site 
and Survey Area).  The survey area is accessed regionally via Interstate 10.  Roadways 
proving vehicular access to the survey area include East Congress Street and Mt. Vernon 
Avenue. 

1.2 PROJECT BACKGROUND AND DESCRIPTION 

The proposed project is an undertaking by the City of Riverside and its project partners, San 
Bernardino Valley Municipal Water District (SBVMWD) and Western Municipal Water District 
(WMWD).  The project is designed to recharge the groundwater aquifers of the Riverside 
and Colton groundwater basins by capturing stream runoff from the Santa Ana River.  The 
project’s intended purpose includes recharging the Riverside and Colton basins, 
improvement of the groundwater quality in the Riverside and Colton basins, reduced 
dependence on imported water through increased storage, assurance that historical levels 
of production are maintained, to increase future water supplies from Riverside and Colton 
groundwater basins, and the creation of additional groundwater recharge basins along the 
Santa Ana River within the project area.  In addition, the proposed project would replenish 
groundwater in close proximity to the City of Colton Wells 30 and 31, Riverside Highland 
Water Company wells located east of the river, and the City of Riverside’s Flume wells, 
which convey supply directly to the John W. North Water Treatment Plant.  Lastly, the 



P A C I F I C  O C E A N USMC
Camp Pendleton

S A N  B E R N A R D I N O
C O U N T Y

R I V E R S I D E
C O U N T Y

S A N  D I E G O
C O U N T Y

S A N  D I E G O
C O U N T Y

L O S  A N G E L E S
C O U N T Y

O R A N G E
C O U N T Y

101

395

405

405

605

105

210

210

710

110

215

215

5

5

5

15

15

15

15

10

10
10

73

55

57

9191

90

60

71

91

60

38

18

18

22

1

2

14

18

18

138

138 173

74

74

1

1

133

261

241

330

241

Victorville

Adelanto

Hesperia

Apple Valley

San
Bernardino

Lake
Arrowhead

Running
Springs

Riverside

Fontana

ColtonOntarioPomona

Rancho
Cucamonga

Chino

Rialto

Corona

Norco

Lake
Elsinore

Hemet

Beaumont

Redlands

Temecula

Fallbrook

Murrieta

Palmdale

Lancaster

San
Fernando

Pasadena

West
Covina

Whittier

Burbank

Glendora

Los
Angeles

Torrance

Long
Beach

Newport
Beach

Huntington
Beach

San
Clemente

Dana
Point

Laguna
Beach San Juan

Capistrano

Santa
Ana

Costa
Mesa

Garden
Grove

Fullerton

Yorba
Linda

Irvine

Moreno
Valley

Sun
City

Perris

0 5 11 miles

APPROXIMATE

12/3/14 JN 130506-20603  MAS Exhibit 1

Regional Vicinity

RIVERSIDE NORTH AQUIFER STORAGE AND RECOVERY PROJECT
DELINEATION OF CDFW JURISDICTIONAL AREAS

Project Site



12/3/14 JN 130506-20603  MAS Exhibit 2

Site Vicinity
RIVERSIDE NORTH AQUIFER STORAGE AND RECOVERY PROJECT

DELINEATION OF CDFW JURISDICTIONAL AREAS

Survey Area

10

10

215

215



WASHINGTON ST

M ST

O ST

PE
 R

R

CONGRESS ST

FOGG ST

C
O

O
LEY D

R

!"̀$

%&h(M
T 

VE
R

N
O

N
 A

VE
RIVERSIDE NORTH AQUIFER STORAGE AND RECOVERY PROJECT

DELINEATION OF CDFW JURISDICTIONAL AREAS

Project Site and Survey Area
Exhibit 3

° 0 1,000500
Feet

12
/4

/2
01

4 
JN

 M
:\M

da
ta

\1
30

50
6\

G
IS

\M
X

D
\E

x3
 P

ro
je

ct
 S

ite
.m

xd
 

Source: Eagle Aerial 2013

Legend

Project Site

Survey Area



Introduction and Purpose 
 
 

Riverside North Aquifer Storage and Recovery Project 
Delineation of CDFW Jurisdictional Areas 5 

recharge associated with this project may assist SBVMWD in meeting its obligations under 
the 1969 Western Judgment (i.e. to maintain water levels in the Colton and Riverside North 
Basins) and WMWD in meeting its obligation under the 1969 Western Judgment (i.e., deliver 
imported water in the Colton and Riverside Basins if the excess extractions by water users 
within Western and other obligations exceed Western’s Base Rights and other credits in the 
Basins and if Valley District is not meeting its Base Flow obligation at the Riverside 
Narrows). 
 
The project site is located south of the Mt. Vernon Avenue bridge, where the Santa Ana 
River transitions from a concrete-lined channel to a soft bottom river. The soft bottom allows 
for the infiltration of water through the ground surface to recharge the underlying 
groundwater aquifers. The project would include in-stream impoundment behind a proposed 
inflatable dam. 
  
This proposed in-stream impoundment area would be located along a segment of the Santa 
Ana River that contains engineered levees containing grout aprons on the west and east 
river banks. These grout aprons may need to be modified to U.S. Army Corps of Engineer 
(USACE) standards before recharge could occur. A 42-inch diameter steel casing adjacent 
to the inflatable dam is proposed, which would allow utility crossing at this location. 
 
The project also possesses an off-stream component, which would include three (3) to eight 
(8) roughly consecutive basins where water impounded behind the dam could be diverted to 
replenish the groundwater aquifer. The existing State Water Project (SWP) connection 
located on the eastern bank of the Santa Ana River adjacent to the railroad right-of-way 
would be extended, giving the project partners the future option to recharge the proposed 
basins with imported water or convey imported water into the Riverside Canal.  The 
recharge of imported water is not being proposed at this time; however, the extension of the 
SWP pipeline as a future option is included. 
 
The project also possesses a diversion structure and pipeline to convey surface water to the 
Riverside Canal.  A single diversion structure is proposed for this project, which would 
convey surface water from behind the inflatable dam to both the off-stream basins and to the 
Riverside Canal. The diversion structure will be located just upstream of the inflatable dam. 
An existing pipeline (i.e. the Riverside Canal pipeline) that conveys non-potable 
groundwater to the headworks of the Riverside Canal generally trends north-south through 
the project area between the proposed off-stream basins and the Santa Ana River. The 
Riverside Canal pipeline would be used to convey surface water from the diversion structure 
to the Riverside Canal. 
 
The proposed off-stream water impoundment area encompasses approximately 44.1 acres 
of contiguous land, all of which is undeveloped.  Currently, the project site consists of vacant 



Introduction and Purpose 
 
 

Riverside North Aquifer Storage and Recovery Project 
Delineation of CDFW Jurisdictional Areas 6 

land with several dirt roads and groundwater wells owned and operated by the City of 
Riverside. In addition, a Southern California Edison substation is located to the northeast of 
the project area.  Electrical transmission tower easements associated with the facility 
traverse the project area and surrounding properties in a north-south direction.  The project 
site is currently surrounded by undeveloped properties to the north and west and the Cooley 
Ranch Planned Development to the east (on the east side of the Santa Ana River). 
 
It is anticipated that the inflatable dam will be raised during most of the winter and spring 
(about 180 days per year) or when flow is present in the Santa Ana River, except when 
storm flows in the Santa Ana River exceed 1,500 cfs.  Between the months of January and 
March, the in-stream and off-stream recharge basins will be capable of capturing a portion 
of the flows and the inflatable dam will lower, allowing excess flows to travel downstream. 
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Section 2 Regulations and Methodology 
This Delineation was conducted to delineate areas that fall under the regulatory jurisdiction 
of CDFW pursuant to Section 1600 et. seq. of the CDFW Code and in accordance with the 
CDFW 2009 Protocols for Surveying and Evaluating Impacts to Special Status Native Plant 
Populations and Natural Communities. 

2.1 CALIFORNIA DEPARTMENT OF FISH AND WILDLIFE 

2.1.1 CALIFORNIA FISH AND WILDLIFE CODE SECTION 1600-1616 

California Fish and Wildlife Code Sections 1600-1616 establish a fee-based process to 
ensure that projects conducted in and around lakes, rivers, or streams do not adversely 
impact fish and wildlife resources, or, when adverse impacts cannot be avoided, ensures 
that adequate mitigation and/or compensation is provided.   

Fish and Wildlife Code Section 1602 requires any person, state, or local governmental 
agency or public utility to notify the CDFW before beginning any activity that will do one or 
more of the following:  

(1) substantially obstruct or divert the natural flow of a river, stream, or lake;  

(2) substantially change or use any material from the bed, channel, or bank of a river, 
stream, or lake; or  

(3) deposit or dispose of debris, waste, or other material containing crumbled, flaked, 
or ground pavement where it can pass into a river, stream, or lake.  

California Fish and Wildlife Code Section 1602 applies to all perennial, intermittent, and 
ephemeral rivers, streams, and lakes in the state.  The Fish and Wildlife’s regulatory 
authority extends to include riparian habitat (including wetlands) supported by a river, 
stream, or lake regardless of the presence or absence of hydric soils and saturated soil 
conditions.  Generally, the CDFW takes jurisdiction to the top of bank of the stream or to the 
outer limit of the adjacent riparian vegetation (outer drip line), whichever is greater. 
Notification is generally required for any project that will take place in or in the vicinity of a 
river, stream, lake, or their tributaries. This includes rivers or streams that flow at least 
periodically or permanently through a bed or channel with banks that support fish or other 
aquatic life and watercourses having a surface or subsurface flow that support or have 
supported riparian vegetation.  

Any of the below criteria could be applicable in determining what constitutes a stream 
depending on the potential for the proposed activity to adversely affect fish and other 
stream-dependent wildlife resources. 
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(1)  The term “stream” can include intermittent and ephemeral streams, rivers, creeks, 
dry washes, sloughs, blue-line streams based on United States Geological Survey 
(USGS) maps, and watercourses with subsurface flows. Canals, aqueducts, 
irrigation ditches, and other means of water conveyance can also be considered 
streams if they support aquatic life, riparian vegetation, or stream-dependent 
terrestrial wildlife.   

(2)  Biological components of a stream may include aquatic and riparian vegetation, 
along with all aquatic animals including fish, amphibians, reptiles, invertebrates, 
and terrestrial species which derive benefits from the stream system. 

(3)  As a physical system, a stream not only includes water (at least on an intermittent 
or ephemeral basis), but also a bed or channel, a bank and/or levee, in-stream 
features such as logs or snags, and various flood plains depending on the return 
frequency of the flood event being considered (i.e., 10, 50, or 100 years, etc.). 

(4)  The lateral extent of a stream can be measured in several ways depending on a 
particular situation and the type of fish or wildlife resource at risk. The following 
criteria are presented in order from the most inclusive to the least inclusive: 

(a) The flood plain of a stream can be the broadest measurement of a stream’s 
lateral extent depending on the return frequency of the flood event used.  For 
most flood control purposes, the 100-year flood plain exists for many streams.  
However, the 100-year flood plain may include significant amounts of upland 
or urban habitat and therefore may not be appropriate in many cases.   

(b) The outer edge of riparian vegetation is generally used as the line of 
demarcation between riparian and upland habitats and is therefore a 
reasonable and identifiable boundary for the lateral extent of a stream.  In 
most cases, the use of this criterion should result in protecting the fish and 
wildlife resources at risk. 

(c) Most streams have a natural bank which confines flows to the bed or channel 
except during flooding.  In some instances, particularly on smaller streams or 
dry washes with little or no riparian habitat, the bank should be used to mark 
the lateral extent of a stream. 

(d) A levee or other artificial stream bank would also be used to mark the lateral 
extent of a stream.  However, in many instances, there can be extensive 
areas of valuable riparian habitat located behind a levee. 



Regulations and Methodology 
 

Riverside North Aquifer Storage and Recovery Project 
Delineation of CDFW Jurisdictional Areas 9 

2.1.2 PROTOCOLS FOR SURVEYING AND EVALUATING IMPACTS TO 
SPECIAL STATUS NATIVE PLANT POPULATIONS AND NATURAL 
COMMUNITIES 

The 2009 protocol states that surveys need to be conducted using systematic field 
techniques in all habitats of a site to ensure thorough coverage of a project site. The level of 
effort required per given area and habitat is dependent upon the vegetation and its overall 
diversity and structural complexity, which determines the distance at which plants can be 
identified. Conduct surveys by walking over the entire site to ensure thorough coverage, 
noting all plant taxa observed. The level of effort should be sufficient to provide 
comprehensive reporting.  
 
The conservation of special status native plants and their habitats, as well as natural 
communities, is integral to maintaining biological diversity. The purpose of this protocol is to 
facilitate a consistent and systematic approach to the survey and assessment of special 
status native plants and natural communities so that reliable information is produced and the 
potential of locating a special status plant species or natural community is maximized. 
 
Special status natural communities are communities that are of limited distribution statewide 
or within a county or region and are often vulnerable to environmental effects of projects. 
These communities may or may not contain special status species or their habitat. The most 
current version of CDFWs List of California Terrestrial Natural Communities indicates which 
natural communities are of special status given the current state of the California 
classification. Most types of wetlands and riparian communities are considered special 
status natural communities due to their limited distribution in California. These natural 
communities often contain special status plants such as those described above. These 
protocols may be used in conjunction with protocols formulated by other agencies, for 
example, those developed by the U.S. Army Corps of Engineers to delineate jurisdictional 
wetlands or by the United States Fish and Wildlife Service to survey for the presence of 
special status plants 

2.2 METHODOLOGY 

The methodologies practiced during the field survey and preparation of this Delineation of 
CDFW  were conducted in accordance with regulations set forth in CDFW Code Sections 
1600-1616 and CDFW 2009 Protocols for Surveying and Evaluating Impacts to Special 
Status Native Plant Populations and Natural Communities. The field delineation was 
conducted by RBF Professional Wetland Scientist, Wesley Salter, and biologist, Travis J. 
McGill, on November 18, 2014.  
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The Delineation was conducted on foot by walking meandering transects through the survey 
area and included a systematic inspection and evaluation of the hydrogeomorphic1 features 
and associated plant communities present within the Survey area. Jurisdictional features 
and associated plant communities identified on aerial photographs were field verified and 
recorded onto base map at a scale of 1” = 1,200’ using topographic contours and visible 
landmarks as guidelines. Data points were obtained with a Garmin 62 Global Positioning 
System (GPS) Map62 and then transferred via USB port as a .shp file and added to the 
project's jurisdictional map using ESRI ArcInfo Version 10. Data was also recorded through 
the use of an Apple iPad using an ArcGIS application. Information collected is instantly 
synchronized to an enterprise GIS database hosted by RBF. 

                                                
1  Hydrogeomorphic features include land forms characterized by a specific origin, geomorphic setting, water 

source, and hydrodynamic. 
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Section 3 Literature Review 
Review of relevant literature and materials often aids in preliminarily identifying areas that 
may fall under an agency’s jurisdiction. A summary of RBF’s literature review is provided 
below (refer to Section 7.0 for a complete list of references used during the course of this 
delineation). Copies of documentation are also contained in Appendix B, Documentation. 

3.1 WATERSHED REVIEW 

The survey area is located within the Santa Ana River Watershed (HUC 18070203). The 
Santa Ana River watershed is located in southern California, south and east of the city of 
Los Angeles. The watershed includes much of Orange County, the northwestern corner of 
Riverside County, the southwestern corner of San Bernardino County, and a small portion of 
Los Angeles County. The watershed is bounded on the south by the Santa Margarita 
watershed, on the east by the Salton Sea and Southern Mojave watersheds, and on the 
north/west by the Mojave and San Gabriel watersheds. The watershed is approximately 
2,800 square miles in area. 
 
The watershed is located in the Peninsular Ranges and Transverse Ranges Geomorphic 
Provinces of Southern California (California Geological Survey Note 36). The highest 
elevations (upper reaches) of the watershed occur in the San Bernardino (San Gorgonio 
Peak – 11,485 feet in elevation) and eastern San Gabriel Mountains (Transverse Ranges 
Province; Mt. Baldy – 10,080 feet in elevation) and in the San Jacinto Mountains (Peninsular 
Ranges Province, Mt. San Jacinto – 10,804 ft). Further downstream, the Santa Ana 
Mountains and the Chino Hills form a topographic high before the river flows into the Coastal 
Plain (in Orange County) and into the Pacific Ocean. Primary slope direction is northeast to 
southwest, with secondary slopes controlled by local topography. 
 
The watershed is an arid region, and therefore there is little natural perennial surface water 
in the watershed. Surface waters start in the upper erosion zone of the watershed – 
primarily the San Bernardino and San Gabriel Mountains. This upper zone has the highest 
gradient and soils/geology that do not allow large quantities of percolation of surface water 
into the ground. Flows consist mainly of snowmelt and storm runoff from the lightly 
developed San Bernardino National Forest; this water is generally high quality at this point.  
In this zone, the Santa Ana River is generally confined in its lateral movement, contained by 
the slope in the mountainous regions. In the upper valley, flows from the Seven Oaks dam 
to the city of San Bernardino consist mainly of storm flows, flows from the San Timoteo 
Creek, and groundwater that is rising due to local geological conditions. From the City of 
San Bernardino to the City of Riverside, the river flows perennially, and it includes treated 
discharges from wastewater treatment plants. From the City of Riverside to the recharge 
basins below Imperial Highway, river flow consists of highly treated wastewater discharges, 
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urban runoff, irrigation runoff, and groundwater forced to the surface by shallow/rising 
bedrock. Near Corona, the river cuts through the Santa Ana Mountains and the Puente-
Chino Hills. The river then flows into the Orange County Coastal Plain; the channel lessens 
and the gradient decreases. In a natural environment, a river in this area would have a much 
wider channel, increase in meandering, and sediment would build up. However, much of the 
Santa Ana river channel in this area has been contained in concrete-lined channels, which 
modifies the flow regime and sediment deposition environment.  The only major tributary of 
the Santa Ana River in Orange County is Santiago Creek, joins the river in the city of Santa 
Ana.  There is only one natural freshwater lake of any size – Lake Elsinore. A variety of 
water storage reservoirs (Lake Perris, Lake Mathews, Big Bear Lake) and Flood Control 
areas (Prado Dam area, Seven Oaks Dam area) have been created to hold surface water.  

3.2 LOCAL CLIMATE 

The climatological cycle of the region results in higher surface water flows in the spring and 
early summer and lower flows during the dry season. Winter and spring floods generated by 
storms are not uncommon in wet years. Similarly, during the dry season, infrequent summer 
storms can cause torrential floods in local streams.  Watersheds of southern California 
function according to a semi-arid, two-season Mediterranean-type climate, with cool wet 
winters and dry warm-to-hot summers.  Within the Santa Ana watershed, proximity to the 
Pacific Ocean moderates both seasonal and diurnal temperatures.  Air moisture is greatest 
at the coast and decreases to near-desert conditions towards the eastern watershed 
boundary. 
 
In the vicinity of the survey area, the average daily maximum temperature is in the low 90s 
to the upper 90s in midsummer and in the middle 60s in winter.  The average daily minimum 
temperature is in the upper 50s in summer and the upper 30s in winter.  Temperatures of 
100 degrees or higher are fairly common in the period of June through October, and 
temperatures of 40 degrees or lower occur in December, January, and February in most 
years. Annual precipitation in the region is approximately 16 inches, although it can vary 
considerably depending on the locality. About 90 percent of the annual precipitation is 
received in the period between November through April. 

3.3 USGS TOPOGRAPHIC QUADRANGLE  

The survey area is located within Township 1 South, Range 4 West, San Bernardino Base 
Meridian of the San Bernardino South, California United States Geological Survey (USGS) 
7.5-minute quadrangle (1980). On-site topography slopes to the southwest and ranges from 
approximately 955 feet above mean sea level (MSL) along the northern boundary of the 
survey area to approximately 910 feet above MSL near the southwest corner of the survey 
area. The Sana Ana River is visible on the topographic map. Additional on-site features 
visible on the topographic map include two wells, the California Aqueduct, Mt. Vernon 
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Avenue and the Southern Pacific Railroad overcrossing, and unimproved roads.  The 
Southern Pacific Railroad adjoins the survey area to the west and north. 

3.4 AERIAL PHOTOGRAPH  

Prior to the field visits, RBF reviewed a current aerial photograph dated January 17, 2014 
from Google Earth Imaging for the survey area. Aerial photographs can be useful during the 
delineation process, as the photographs often indicate drainages and vegetation (i.e., 
riparian vegetation) present within the boundaries of the survey area (if any).  According to 
the aerial photograph, the survey area is located within the Santa Ana River and is 
characterized by sandy swaths and sparse vegetation patches.  Additional water features 
noted on-site include one unnamed drainage in the northwestern portion of the survey area 
and Reche Canyon Creek on the eastern boundary of the Survey Area.  Also evident on the 
aerial were access roadways, vacant land, light industrial, residential, and business park 
uses.  In the vicinity surrounding the survey area, two major transportation corridors, the San 
Bernardino (I-10) and Riverside (I-215) freeway interchanges, are visible.  Evidence of water 
was noted during the aerial photograph review within the northeastern portion of the survey 
area within the Santa Ana River. 

3.5 SOIL SURVEY  

On-site and adjoining soils were researched prior to the field visit using the U.S. Department 
of Agriculture, Soil Conservation Service, Soil Survey for the San Bernardino County, 
Southwester Part, California and the Natural Resources Conservation Service, Custom Soil 
Resource Report for San Bernardino County Area, California (refer to Exhibit 4, Soils Map). 
Soil surveys furnish soil maps and interpretations originally needed in providing technical 
assistance to farmers and ranchers; in guiding other decisions about soil selection, use, and 
management; and in planning, research, and disseminating the results of the research. In 
addition, soil surveys are now heavily utilized in order to obtain soil information with respect 
to potential wetland environments and jurisdictional areas (i.e., soil characteristics, drainage, 
and color). The following soil series have been reported on-site: 
 
Psamments and Fluvents, Frequently Flooded (Ps) 
 
The soil has a profile similar to the one described of the representative series. These soils 
consist of sandy and gravelly material in intermittent streambeds of the Santa Ana River, Mill 
Creek, Warm Creek, Cajon Creek, and other large creeks and their major tributaries. Some 
areas consist of cobbles, stones and boulders. During each flood, alluvium from the 
streambeds is freshly deposited and partly reworked. Areas of this mapping unit have no 
value for farming. Their main use is as a source of sand and gravel for construction material.  
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Tujunga Gravelly Loamy Sand, 0 to 9 percent slopes (TvC) 
 
This soil has a profile similar to the one described as representative of the series.  As noted, 
these soils consist of somewhat excessively drained nearly level to moderately sloping soils 
that formed on alluvial fans in granitic alluvium. Slopes are 0 to 9 percent and elevations 
range from 1,000 to 2,000 feet. Included with this soil in mapping are areas of Soboba 
gravelly loamy sand as well as areas of Delhi fine sand. This soils series is used for irrigated 
small grains and pasture plants. Tujunga soils are slightly acid throughout their profile. The 
Tujunga soils are rapidly permeable and runoff is very slow to slow. Available water capacity 
is 3 to 4 inches. The hazard of erosion is slight because of the gravelly surface layer.  The 
surface layer is dark brown (10YR 4/3) loamy sand when moist 0 to 6 inches and brown 
coarse sand (10YR 5/3) when moist 6 to 18 inches. 

3.6 NATIONAL WETLANDS INVENTORY 

RBF reviewed the U.S. Fish and Wildlife Service’s National Wetland Inventory maps. No 
wetland features were noted within the survey area (refer to Appendix D, Documentation).  

3.7 FLOOD ZONE  

RBF searched the Federal Emergency Management Agency website for flood data for the 
survey area. Based on the Flood Insurance Rate Map Nos. 06071C8683H, 06071C8687H, 
and 06071C8691H the survey area is located within the 100-year floodplain (refer to 
Appendix B, Documentation).  
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Section 4 Existing Conditions 

4.1 GENERAL LAND USES 

The majority of the survey area is located within the Santa Ana River 100-year floodplain in 
the City of Colton.  Land uses within the general vicinity include residential, commercial, and 
industrial developments, recreational land uses, flood control structures, and undeveloped 
land associated within the floodplain. 

4.2 SITE CONDITIONS 

One prominent hydrogeomorphic feature occurs within the boundary of the survey area; the 
Santa Ana River. Additionally, a second hydrogeomorphic feature occurs near the 
northwestern boundary of the survey area, Drainage A.  Also noted, Reche Canyon Creek 
converges into the Santa Ana River on the eastern boundary of the survey area; however, 
Reche Canyon Creek is not located within the survey area boundary.  The Santa Ana River 
flows through the boundaries of the survey area in a northeast to southwest direction.  The 
northern portion of the Santa Ana River is concrete-lined while the southern portion consists 
of a natural substrate (fine sediments, rocks, cobbles) with concrete improvements 
associated with existing pipelines and gabions. Surface water was present within the 
upstream portion of the Santa Ana River and ponded at the Mount Vernon Avenue 
overpass.  In addition, the following indicators of surface hydrology were observed: shelving; 
scour; and sediment deposits.  
 
Drainage A is an ephemeral drainage feature located near the northwestern boundary of the 
survey area. This drainage feature is the result of a 60-inch culvert that conveys run-off 
away from the residential developments, Southern Pacific railroad, and Interstate 10 located 
north of the project site to the Santa Ana River. The culvert collects run-off from the 
surrounding area and outlets into Drainage A. No surface water was present within Drainage 
A, however, the following indicators of surface hydrology were observed: shelving; scour; 
and sediment deposits. Drainage A is sparsely vegetated and consists of sandy substrate. 

4.3 VEGETATION 

Three CDFW associated jurisdictional habitats were identified within survey area: 
Riversidean Alluvial Fan Sage Scrub (RAFSS), Mulefat Scrub, and Southern Willow Scrub 
(refer to Exhibit 5a, CDFW Jurisdictional Map and Survey Area Vegetation).  

4.3.1 RIVERSIDEAN ALLUVIAL FAN SAGE SCRUB 

RAFSS is considered a sensitive habitat by CDFW and the California Native Plant Society. 
RAFSS is a community restricted to intermittently or rarely-flooded, low-gradient alluvial 
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deposits along streams, washes, and fans within large canyons on the coastal slopes of the  
San Gabriel Mountains and San Bernardino Mountains in San Bernardino County. This 
community is composed of a variety of drought-deciduous subshrubs and large evergreen 
woody shrubs. In addition to the scale broom (Lepidospartum squamatum), a dominate plant 
species found in RAFSS, woody shrubs such as chamise (Adenostoma fasciculatum), 
California buckwheat (Eriogonum fasciculatum), white sage (Salvia apiana), and yerba 
santa (Eriodictyon trichocalyx) are present in RAFSS. Common subshrubs include 
deerweed (Acmispon glaber), matchweed (Gutierrezia californica), and Douglas’ nightshade 
(Solanum douglasii). Native species found within the herbaceous understory include 
common fiddleneck (Amsinckia intermedia), croton (Croton californicus), and cryptantha 
(Cryptantha spp.). Due to intense, periodic flooding and erosion within the alluvial plain, a 
series of step-like terraces are created above wash channels, each exhibiting a different 
successional phase. These phases are related to the amount of time elapsed since the most 
recent flood and occur as a sequential gradation of terrace types with increasing distance 
from the active channel. The phases of RAFSS are provided below: 
 

TABLE 1. RAFSS Plant Community Phases 
 

RAFSS Phases RAFSS Terraces Description 

Pioneer Terrace 1: Young or Pioneer Phase 

Sparsely vegetated with low species diversity and it is typically 
located within active stream channels or recently scoured 
streambeds. This terrace requires approximately 3 to 6 years to 
become established after a flood disturbance. 

Intermediate Terrace 2: Intermediate Phase 

Consists of relatively dense vegetation dominated by scale 
broom and California buckwheat, as well as grasses and other 
herbaceous species. This terrace requires approximately 5 to 14 
years to become established after a flood disturbance. 

Mature Terrace 3: Old or Mature Phase 

Denser than Intermediate, but includes yerba santa, cacti 
(Opuntia spp.), and chaparral yucca (Hesperoyucca whipplei). 
Very few annual species are present. This terrace requires 
approximately 6 to 18 years to become established after a flood 
disturbance. 

 
Within the survey area, two phases (pioneer and intermediate) of the RAFSS plant 
community occur, along with a section of disturbed RAFSS. The young or pioneer RAFSS 
plant community is found on the first terrace above the active channel of the Santa Ana 
River and is sparsely vegetated with low species diversity. The intermediate RAFSS plant 
community is found on the terrace above the pioneer RAFSS plant community and is 
defined by areas composed of dense yerba santa, scalebroom, and California buckwheat, 
as well as non-native grasses and early successional plant species. The disturbed RAFSS 
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plant community is found predominantly to the west of the Santa Ana River in the recharge 
area. There are some small patches of it on the eastern side of the Santa Ana River, within 
the channel. It is dominated by California croton as well as additional remnant RAFSS plant 
species including California buckwheat and scalebroom. 
 

TABLE 2. Acreage of RAFSS Habitat within the Survey Area 
 

RAFSS Phase Acreage  

Pioneer 111.20 

Intermediate 19.26 
Disturbed 127.55 

Total 258.01 

 

4.3.2 Mulefat Scrub 

The mulefat scrub is a plant community is typically associated with habitats that are 
seasonally flooded or saturated near canyon bottoms, irrigation ditches, or stream channels. 
The mulefat scrub plant community found within the survey area occurs near the middle of 
the survey area in the Santa Ana River south of Mount Vernon Avenue and extends to the 
existing SWP line that bisects the Santa Ana River. The mulefat scrub plant community, 
approximately 7.85 acres, is dominated by mulefat (Baccharis salicifolia) and includes a mix 
of willow (Salix ssp.) and cottonwood (Populus fremontii).  

4.3.3 Southern Willow Scrub 

The southern willow scrub plant community is typically composed of young, newly 
established willow  and cottonwood plant species that can survive the frequent physical 
battering and inundation from flooding. The presence of these young willows normally allows 
finer sediments to accumulate, with the result that additional riparian plants can establish. 
Willow scrub plant communities are frequently described as early successional habitats and 
are the first plant communities to form on newly established point bard along rivers.  
 
Within the survey area, the southern willow scrub plant community is found on the 
northwestern bank of the concrete lined channel south of Interstate 10 and extends south, 
across the Santa Ana River, to Mount Vernon Avenue and to the existing SWP line that 
bisects the Santa Ana River. This plant community is dominated by black willow (Salix 
gooddingii), arroyo willow (Salix lasiolepis) with cottonwood, salt cedar (Tamarix 
ramosissima), mulefat, and cattails (Typha sp.).   
 
The southern willow scrub plant community on the concrete lined channel portion of the 
Santa Ana River has established on approximately 3 to 8 inches of accumulated sediment 
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deposits.  This community may be washed down stream with the approaching wet season 
given the lack of substrate available for rooting.  
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Section 5 Delineation Results 

The following section provides a detailed discussion of jurisdictional resources within the 
survey area, incorporating findings related to vegetative communities and hydrology 
associated with the Santa Ana River and Drainage A.  

5.1 SUMMARY OF CDFW JURISDICTIONAL AREAS 

One prominent hydrogeomorphic feature, the Santa Ana River, as well as Drainage A 
exhibited streambed characteristics and would be considered CDFW jurisdiction (refer to 
Exhibit 5a, CDFW Jurisdictional Map and Survey Area Vegetation).  The Santa Ana River is 
an intermittent hydrogeomorphic water feature in this location that is composed of sandy, 
braided channels that carry water during and after storm events. The Santa Ana River is a 
dynamic system constantly changing due to these fluvial processes. As a result, the RAFSS 
plant community associated with the Santa Ana River is also dynamic and constantly 
changing. Although there are ecotonal effects from this dynamic interplay between the 
phases of RAFSS, there remain two distinct plant communities with different soil 
characteristics, hydrology, and vegetation composition that can be regulated by CDFW 
within the survey area. 
 
The RAFSS plant community is a CDFW sensitive habitat and all RAFSS within the 100-
year flood plain can be considered jurisdictional by the CDFW. In addition, the mulefat scrub 
plant community and southern willow scrub plant community will also fall under the 
jurisdiction of CDFW.  Based on the results of the field visit, approximately 187.48-acres of 
CDFW jurisdiction occurs within the survey area.  Refer to Table 3 below for a summary of 
jurisdictional areas on-site. 
 

TABLE 3. CDFW Jurisdictional Area within the Survey Area 
 

Jurisdictional Feature 
Jurisdictional Area 

Vegetation Type Streambed  
(acres) 

Associated Habitat 
(acres) 

Santa Ana River 

Mulefat Scrub 7.41 0.44 
Southern Willow Scrub 16.07 - 

Pioneer - RAFSS 111.20 - 
Concrete Channel 29.68 - 

Intermediate – RAFSS - 9.27 
Santa Ana River Totals 164.36 9.71 
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Jurisdictional Feature 
Jurisdictional Area 

Vegetation Type Streambed  
(acres) 

Associated Habitat 
(acres) 

Drainage A 

Unvegetated Wash 3.32 - 

Associated Riparian - 0.10 
Intermediate – RAFSS - 9.99 

Drainage A Totals 3.32 10.09 
 
Based on the results of the field investigation approximately 187.48-acres of CDFW 
jurisdiction occurs within the survey area.  

5.2 SUMMARY OF CDFW JURISDICTIONAL IMPACTS 

5.2.1 Direct Impacts 

The Santa Ana River as well as Drainage A are considered jurisdictional by the CDFW.  
Based on the most current design plans, approximately 4.68-acres of CDFW jurisdictional 
streambed and associated habitats will be impacted by the proposed project (refer to Exhibit 
5b, CDFW Jurisdictional Impact Map). Of the 4.68 acres of impacts, 0.71 acres are 
permanent impacts (0.21 acres to CDFW streambed and 0.50 acres to associated CDFW 
associated habitat) and 3.97 acres are temporary impacts (3.44 acres to CDFW streambed 
and 0.53 acres to CDFW associated habitat).  Refer to Table 4 below for an impact 
summary. 
 

TABLE 4. CDFW Jurisdictional Impact Summary 
 

Jurisdictional 
Feature Vegetation Type 

Permanent Jurisdictional 
Impacts (acres) 

Temporary Jurisdictional 
Impacts (acres) 

Streambed Associated 
Habitat Streambed Associated 

Habitat 

Santa Ana River 

Pioneer – RAFSS 0.05 - 2.00 - 
Intermediate – RAFSS 0.01 - - 0.31 
Southern Willow Scrub 0.01 - 0.11 - 

Unvegetated Wash 0.04 - 0.30 - 
Mulefat Scrub 0.03 - 0.79 0.10 

Drainage A 
Unvegetated Wash 0.08 - 0.25 - 

Intermediate – RAFSS - 0.50 - 0.11 
TOTALS 0.21 0.50 3.44 0.53 
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5.2.2 Indirect Impacts 

It should be noted that the proposed basins intersect with Drainage A and therefore could 
potentially alter flows within Drainage A.  Upstream of the basins, Drainage A consists of 
CDFW jurisdictional streambed and associated jurisdictional vegetation including an 
intermediate RAFSS plant community.  Within the intermediate RAFSS plant community, 
there are documented locations of the federally and state endangered Santa Ana River 
Woolly Star (Eriastrum densifolium ssp. sanctorum).  Therefore, the proposed project has 
the potential to indirectly impact CDFW streambed, associated jurisdictional sensitive 
habitats, and endangered plant species.  Indirect impacts may be minimized and/or avoided 
should Drainage A be re-aligned or the basins locations be adjusted.  Indirect impacts will 
be further defined prior to the 1602 notification.  It should be noted that storm events 
between fall 2014 and spring 2015 resulted in new erosional offsite channels that flow into 
Drainage A.  These new erosional channels may be considered jurisdictional.  An updated 
jurisdictional delineation will be conducted prior to any ground disturbances to document 
these recent changes and will be used in the regulatory permitting process. 
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Section 6 Conclusions and Recommendations 

A formal Delineation of CDFW Jurisdictional Areas was conducted by RBF on November 18, 
2014. Based on the results of the Delineation, all “streambed and riparian” habitats, 
including the various phases of the RAFSS plant community within the 100-year floodplain, 
fall under the regulatory jurisdiction of the CDFW pursuant to Section 1600 et. seq. of the 
CFW Code. A CDFW Section 1602 Streambed Alteration Agreement (SAA) is required for 
all activities within the identified jurisdictional areas within and associated with the Santa 
Ana River and Drainage A.  It is anticipated that an updated jurisdictional delineation will be 
conducted prior to ground disturbing activities to document recent changes including 
erosional drainages that flow into Drainage A.  The updated delineation will be used in the 
preparation of regulatory permit applications. 
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Riverside North Aquifer Storage and Recovery Project 

 

 
Photograph 1- View looking southwest along Santa Ana River concrete channel. 

 
Photograph 2- View of Southern Willow Scrub and sandy substrate within the Santa Ana River. 



Riverside North Aquifer Storage and Recovery Project 

 

 
Photograph 3- View of intermediate RAFSS plant community within the Santa Ana River floodplain. 

 
Photograph 4- View of pioneer RAFSS plant community within the Santa Ana River floodplain. 



Riverside North Aquifer Storage and Recovery Project 

 

 
Photograph 5- View of Drainage A in the northwestern portion of the project site. 

 
Photograph 6- View looking at upland ruderal area to the northeast of Drainage A. 



Riverside North Aquifer Storage and Recovery Project 

 

 
Photograph 7- View of intermediate RAFSS plant community to the west of Drainage A. 

 
Photograph 8- View of ruderal and disturbed areas in the western portion of the project site. 
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Preface
Soil surveys contain information that affects land use planning in survey areas. They
highlight soil limitations that affect various land uses and provide information about
the properties of the soils in the survey areas. Soil surveys are designed for many
different users, including farmers, ranchers, foresters, agronomists, urban planners,
community officials, engineers, developers, builders, and home buyers. Also,
conservationists, teachers, students, and specialists in recreation, waste disposal,
and pollution control can use the surveys to help them understand, protect, or enhance
the environment.

Various land use regulations of Federal, State, and local governments may impose
special restrictions on land use or land treatment. Soil surveys identify soil properties
that are used in making various land use or land treatment decisions. The information
is intended to help the land users identify and reduce the effects of soil limitations on
various land uses. The landowner or user is responsible for identifying and complying
with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area
planning, onsite investigation is needed to supplement this information in some cases.
Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/portal/
nrcs/main/soils/health/) and certain conservation and engineering applications. For
more detailed information, contact your local USDA Service Center (http://
offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are
seasonally wet or subject to flooding. Some are too unstable to be used as a
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as septic
tank absorption fields. A high water table makes a soil poorly suited to basements or
underground installations.

The National Cooperative Soil Survey is a joint effort of the United States Department
of Agriculture and other Federal agencies, State agencies including the Agricultural
Experiment Stations, and local agencies. The Natural Resources Conservation
Service (NRCS) has leadership for the Federal part of the National Cooperative Soil
Survey.

Information about soils is updated periodically. Updated information is available
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs
and activities on the basis of race, color, national origin, age, disability, and where
applicable, sex, marital status, familial status, parental status, religion, sexual
orientation, genetic information, political beliefs, reprisal, or because all or a part of an
individual's income is derived from any public assistance program. (Not all prohibited
bases apply to all programs.) Persons with disabilities who require alternative means
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for communication of program information (Braille, large print, audiotape, etc.) should
contact USDA's TARGET Center at (202) 720-2600 (voice and TDD). To file a
complaint of discrimination, write to USDA, Director, Office of Civil Rights, 1400
Independence Avenue, S.W., Washington, D.C. 20250-9410 or call (800) 795-3272
(voice) or (202) 720-6382 (TDD). USDA is an equal opportunity provider and
employer.
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How Soil Surveys Are Made
Soil surveys are made to provide information about the soils and miscellaneous areas
in a specific area. They include a description of the soils and miscellaneous areas and
their location on the landscape and tables that show soil properties and limitations
affecting various uses. Soil scientists observed the steepness, length, and shape of
the slopes; the general pattern of drainage; the kinds of crops and native plants; and
the kinds of bedrock. They observed and described many soil profiles. A soil profile is
the sequence of natural layers, or horizons, in a soil. The profile extends from the
surface down into the unconsolidated material in which the soil formed or from the
surface down to bedrock. The unconsolidated material is devoid of roots and other
living organisms and has not been changed by other biological activity.

Currently, soils are mapped according to the boundaries of major land resource areas
(MLRAs). MLRAs are geographically associated land resource units that share
common characteristics related to physiography, geology, climate, water resources,
soils, biological resources, and land uses (USDA, 2006). Soil survey areas typically
consist of parts of one or more MLRA.

The soils and miscellaneous areas in a survey area occur in an orderly pattern that is
related to the geology, landforms, relief, climate, and natural vegetation of the area.
Each kind of soil and miscellaneous area is associated with a particular kind of
landform or with a segment of the landform. By observing the soils and miscellaneous
areas in the survey area and relating their position to specific segments of the
landform, a soil scientist develops a concept, or model, of how they were formed. Thus,
during mapping, this model enables the soil scientist to predict with a considerable
degree of accuracy the kind of soil or miscellaneous area at a specific location on the
landscape.

Commonly, individual soils on the landscape merge into one another as their
characteristics gradually change. To construct an accurate soil map, however, soil
scientists must determine the boundaries between the soils. They can observe only
a limited number of soil profiles. Nevertheless, these observations, supplemented by
an understanding of the soil-vegetation-landscape relationship, are sufficient to verify
predictions of the kinds of soil in an area and to determine the boundaries.

Soil scientists recorded the characteristics of the soil profiles that they studied. They
noted soil color, texture, size and shape of soil aggregates, kind and amount of rock
fragments, distribution of plant roots, reaction, and other features that enable them to
identify soils. After describing the soils in the survey area and determining their
properties, the soil scientists assigned the soils to taxonomic classes (units).
Taxonomic classes are concepts. Each taxonomic class has a set of soil
characteristics with precisely defined limits. The classes are used as a basis for
comparison to classify soils systematically. Soil taxonomy, the system of taxonomic
classification used in the United States, is based mainly on the kind and character of
soil properties and the arrangement of horizons within the profile. After the soil
scientists classified and named the soils in the survey area, they compared the
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individual soils with similar soils in the same taxonomic class in other areas so that
they could confirm data and assemble additional data based on experience and
research.

The objective of soil mapping is not to delineate pure map unit components; the
objective is to separate the landscape into landforms or landform segments that have
similar use and management requirements. Each map unit is defined by a unique
combination of soil components and/or miscellaneous areas in predictable
proportions. Some components may be highly contrasting to the other components of
the map unit. The presence of minor components in a map unit in no way diminishes
the usefulness or accuracy of the data. The delineation of such landforms and
landform segments on the map provides sufficient information for the development of
resource plans. If intensive use of small areas is planned, onsite investigation is
needed to define and locate the soils and miscellaneous areas.

Soil scientists make many field observations in the process of producing a soil map.
The frequency of observation is dependent upon several factors, including scale of
mapping, intensity of mapping, design of map units, complexity of the landscape, and
experience of the soil scientist. Observations are made to test and refine the soil-
landscape model and predictions and to verify the classification of the soils at specific
locations. Once the soil-landscape model is refined, a significantly smaller number of
measurements of individual soil properties are made and recorded. These
measurements may include field measurements, such as those for color, depth to
bedrock, and texture, and laboratory measurements, such as those for content of
sand, silt, clay, salt, and other components. Properties of each soil typically vary from
one point to another across the landscape.

Observations for map unit components are aggregated to develop ranges of
characteristics for the components. The aggregated values are presented. Direct
measurements do not exist for every property presented for every map unit
component. Values for some properties are estimated from combinations of other
properties.

While a soil survey is in progress, samples of some of the soils in the area generally
are collected for laboratory analyses and for engineering tests. Soil scientists interpret
the data from these analyses and tests as well as the field-observed characteristics
and the soil properties to determine the expected behavior of the soils under different
uses. Interpretations for all of the soils are field tested through observation of the soils
in different uses and under different levels of management. Some interpretations are
modified to fit local conditions, and some new interpretations are developed to meet
local needs. Data are assembled from other sources, such as research information,
production records, and field experience of specialists. For example, data on crop
yields under defined levels of management are assembled from farm records and from
field or plot experiments on the same kinds of soil.

Predictions about soil behavior are based not only on soil properties but also on such
variables as climate and biological activity. Soil conditions are predictable over long
periods of time, but they are not predictable from year to year. For example, soil
scientists can predict with a fairly high degree of accuracy that a given soil will have
a high water table within certain depths in most years, but they cannot predict that a
high water table will always be at a specific level in the soil on a specific date.

After soil scientists located and identified the significant natural bodies of soil in the
survey area, they drew the boundaries of these bodies on aerial photographs and
identified each as a specific map unit. Aerial photographs show trees, buildings, fields,
roads, and rivers, all of which help in locating boundaries accurately.

Custom Soil Resource Report
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of soil
map units on the map and extent of each map unit, and cartographic symbols
displayed on the map. Also presented are various metadata about data used to
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 1:24,000.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map:  Natural Resources Conservation Service
Web Soil Survey URL:  http://websoilsurvey.nrcs.usda.gov
Coordinate System:  Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more accurate
calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as of
the version date(s) listed below.

Soil Survey Area:  San Bernardino County Southwestern Part,
California
Survey Area Data:  Version 6, Sep 26, 2014

Soil map units are labeled (as space allows) for map scales 1:50,000
or larger.

Date(s) aerial images were photographed:  May 5, 2010—Jul 3,
2010

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor shifting
of map unit boundaries may be evident.
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Map Unit Legend

San Bernardino County Southwestern Part, California (CA677)

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

Ps Psamments, Fluvents and
Frequently flooded soils

315.3 87.7%

TvC Tujunga gravelly loamy sand, 0
to 9 percent slopes

44.1 12.3%

Totals for Area of Interest 359.4 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the soils
or miscellaneous areas in the survey area. The map unit descriptions, along with the
maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more
major kinds of soil or miscellaneous areas. A map unit is identified and named
according to the taxonomic classification of the dominant soils. Within a taxonomic
class there are precisely defined limits for the properties of the soils. On the landscape,
however, the soils are natural phenomena, and they have the characteristic variability
of all natural phenomena. Thus, the range of some observed properties may extend
beyond the limits defined for a taxonomic class. Areas of soils of a single taxonomic
class rarely, if ever, can be mapped without including areas of other taxonomic
classes. Consequently, every map unit is made up of the soils or miscellaneous areas
for which it is named and some minor components that belong to taxonomic classes
other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the
map unit, and thus they do not affect use and management. These are called
noncontrasting, or similar, components. They may or may not be mentioned in a
particular map unit description. Other minor components, however, have properties
and behavioral characteristics divergent enough to affect use or to require different
management. These are called contrasting, or dissimilar, components. They generally
are in small areas and could not be mapped separately because of the scale used.
Some small areas of strongly contrasting soils or miscellaneous areas are identified
by a special symbol on the maps. If included in the database for a given area, the
contrasting minor components are identified in the map unit descriptions along with
some characteristics of each. A few areas of minor components may not have been
observed, and consequently they are not mentioned in the descriptions, especially
where the pattern was so complex that it was impractical to make enough observations
to identify all the soils and miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the usefulness
or accuracy of the data. The objective of mapping is not to delineate pure taxonomic
classes but rather to separate the landscape into landforms or landform segments that
have similar use and management requirements. The delineation of such segments
on the map provides sufficient information for the development of resource plans. If

Custom Soil Resource Report
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intensive use of small areas is planned, however, onsite investigation is needed to
define and locate the soils and miscellaneous areas.

An identifying symbol precedes the map unit name in the map unit descriptions. Each
description includes general facts about the unit and gives important soil properties
and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for
differences in texture of the surface layer, all the soils of a series have major horizons
that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, salinity,
degree of erosion, and other characteristics that affect their use. On the basis of such
differences, a soil series is divided into soil phases. Most of the areas shown on the
detailed soil maps are phases of soil series. The name of a soil phase commonly
indicates a feature that affects use or management. For example, Alpha silt loam, 0
to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas.
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate
pattern or in such small areas that they cannot be shown separately on the maps. The
pattern and proportion of the soils or miscellaneous areas are somewhat similar in all
areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or
miscellaneous areas that are shown as one unit on the maps. Because of present or
anticipated uses of the map units in the survey area, it was not considered practical
or necessary to map the soils or miscellaneous areas separately. The pattern and
relative proportion of the soils or miscellaneous areas are somewhat similar. Alpha-
Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas that
could be mapped individually but are mapped as one unit because similar
interpretations can be made for use and management. The pattern and proportion of
the soils or miscellaneous areas in a mapped area are not uniform. An area can be
made up of only one of the major soils or miscellaneous areas, or it can be made up
of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil material
and support little or no vegetation. Rock outcrop is an example.

Custom Soil Resource Report
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San Bernardino County Southwestern Part, California

Ps—Psamments, Fluvents and Frequently flooded soils

Map Unit Setting
National map unit symbol: hckh
Elevation: 10 to 1,500 feet
Mean annual precipitation: 10 to 25 inches
Mean annual air temperature: 59 to 64 degrees F
Frost-free period: 250 to 350 days
Farmland classification: Not prime farmland

Map Unit Composition
Fluvents and similar soils: 50 percent
Psamments and similar soils: 50 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Psamments

Setting
Landform: Drainageways
Landform position (three-dimensional): Riser
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Sandy alluvium

Typical profile
A - 0 to 12 inches: sand
C1 - 12 to 48 inches: loamy sand, fine sand, sand
C1 - 12 to 48 inches: stratified gravelly sand to gravelly loamy sand
C1 - 12 to 48 inches:
C2 - 48 to 60 inches:

Properties and qualities
Slope: 0 to 5 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Somewhat excessively drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95

to 19.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: Frequent
Frequency of ponding: None
Available water storage in profile: High (about 9.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: A

Description of Fluvents

Setting
Landform: Drainageways
Landform position (three-dimensional): Riser
Down-slope shape: Linear

Custom Soil Resource Report
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Across-slope shape: Linear
Parent material: Alluvium

Typical profile
A - 0 to 10 inches: gravelly sand
C1 - 10 to 30 inches: stratified gravelly sand to gravelly loam
C2 - 30 to 60 inches: stratified gravelly sand to gravelly loam

Properties and qualities
Slope: 0 to 5 percent
Depth to restrictive feature: More than 80 inches
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): High (1.98 to 5.95 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: Frequent
Frequency of ponding: None
Salinity, maximum in profile: Nonsaline (0.0 to 2.0 mmhos/cm)
Available water storage in profile: Moderate (about 6.1 inches)

Interpretive groups
Land capability classification (irrigated): None specified
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: A

TvC—Tujunga gravelly loamy sand, 0 to 9 percent slopes

Map Unit Setting
National map unit symbol: hcl2
Elevation: 10 to 1,500 feet
Mean annual precipitation: 10 to 25 inches
Mean annual air temperature: 59 to 64 degrees F
Frost-free period: 250 to 350 days
Farmland classification: Not prime farmland

Map Unit Composition
Tujunga and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Tujunga

Setting
Landform: Alluvial fans
Landform position (two-dimensional): Backslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from granite

Typical profile
H1 - 0 to 36 inches: gravelly loamy sand

Custom Soil Resource Report
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H2 - 36 to 60 inches: gravelly sand, gravelly loamy sand
H2 - 36 to 60 inches:

Properties and qualities
Slope: 0 to 9 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Somewhat excessively drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): High to very high (5.95

to 19.98 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: Rare
Frequency of ponding: None
Available water storage in profile: Low (about 5.5 inches)

Interpretive groups
Land capability classification (irrigated): 4s
Land capability classification (nonirrigated): 4e
Hydrologic Soil Group: A

Minor Components

Unnamed
Percent of map unit: 5 percent
Landform: Drainageways

Soboba, gravelly loamy sand
Percent of map unit: 5 percent

Delhi, fine sand
Percent of map unit: 5 percent

Custom Soil Resource Report
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 14725 Alton Parkway | Irvine, CA 92618 

Office: 949.472.3505 | Fax: 949.837.4122 

 

June 25, 2015 JN 130506 
 
 
 
City of Riverside, Public Utilities 
Attention:  Mr. David Garcia 
3750 University Ave., 3rd Floor 
Riverside, California 92501 
 
 
SUBJECT: Delineation of Jurisdictional Waters Update for the Riverside North Aquifer 

Storage and Recovery Project, City of Colton, County of San Bernardino, 
California 

   
Dear Mr. Garcia: 
 
This delineation update was prepared for the City of Riverside, Public Utilities, in order to delineate 
the U.S. Army Corps of Engineers’ (Corps) and Santa Ana Regional Water Quality Control Board’s 
(Regional Board) jurisdictional authority within the Riverside North Aquifer Storage and Recovery 
Project site.  The project site is located in the City of Colton, County of Riverside, California.  Due to 
changes in the project description and design, RBF has prepared this delineation update.  The 
fieldwork for this delineation update was conducted on November 18, 2014.   
 
On-Site Conditions 
 
Two drainages are located within the boundaries of the project site, which include the Santa 
Ana River and Drainage A.  The Santa Ana River flows through the boundaries of the project 
site in a northeast to southwest direction.  The northern portion of the Santa Ana River is 
concrete-lined while the southern portion consists of a natural substrate (fine sediments, rocks, 
cobbles) with concrete improvements associated with existing pipelines and gabions. Evidence 
of an ordinary high water mark (OHWM) within the Santa Ana River included surface flow, drift 
deposits, changes in vegetation type, scour, and presence of a bed and bank.  Plant species 
observed within the Santa Ana River include: mulefat (Baccharis salicifolia), cottonwood 
(Populus fremontii), black willow (Salix gooddingii), sandbar willow (Salix exigua), scalebroom 
(Lepidospartum squamatum), cattail (Typha ssp.), California croton (Croton californicus), 
California buckwheat (Eriogonum fasciculatum), deerweed (Acmispon glaber), and brittlebush 
(Encelia farinosa).  Non-native species include giant reed (Arundo donax), tamarisk (Tamarix 
ramosissima), castor bean (Ricinus communis), mustard (Brassica ssp.), and rabbitsfoot grass 
(Polypogon monspeliensis). Surface water was noted within the northern concrete-lined portions 
of the channel; however, surface water soon infiltrates once the channel transitions to a natural 
substrate.  Due to the lack of hydrophytic vegetation, cobbly substrate, and concrete lined 
portions of the Santa Ana River, no soil pits were dug within the Santa Ana River during the site 
visit.   
 
Drainage A is an intermittent drainage located west of the Santa Ana River and is associated 
with overland/nuisance flows from surrounding development.  Drainage A directs flows to the 
southwest and discharges into the Santa Ana River, just south of the project site.  No surface 
water was noted within Drainage A and substrate consists of very fine sediments and cobble.  



 

Evidence of an OHWM within Drainage A included drift deposits, changes in vegetation type, 
scour, and presence of a bed and bank.  A few isolated patches of mulefat, scalebroom, and 
black willow are located within the northern portion of Drainage A.  Vegetation within the 
southern portion of Drainage A is dominated by California croton, California buckwheat and non-
native grasses. Due to the lack of hydrophytic vegetation no soil pits were dug within Drainage 
A during the site visit.  
 
Findings 
 
Evidence of an OHWM within the Santa Ana River and Drainage A included surface flow, drift 
deposits, changes in vegetation type, scour, and presence of a bed and bank.  The Santa Ana River 
is considered an RPW and jurisdictional waters of the U.S.  Additionally, Drainage A is tributary to the 
Santa Ana River and contains evidence of an OHWM, and is considered jurisdictional by the Corps.   
   
Based on the results of the field observation, the proposed project will result in approximately 0.16 
acre of permanent impacts and approximately 3.36 acres of temporary impacts to Corps water of the 
U.S. (non-wetland) (refer to Exhibit 1, Corps/Regional Board Jurisdictional Map).  No isolated or 
Rapanos conditions were observed within the boundaries of the project site; therefore the Regional 
Board follows that of Corps jurisdictional waters of the U.S. 
 
Recommendations 
 
Please note that based on a detailed review of the current site conditions and proposed project, our 
research has indicated that it will be necessary for the City of Riverside, Public Utilities, to obtain the 
following permits prior to commencement of any construction activities within the delineated 
jurisdictional areas: Corps Section 404 Standard Individual Permit and Regional Board Section 401 
Water Quality Certification.  
 
Please do not hesitate to contact me at 949/330-4176 or wesley.salter@mbakerintl.com should you 
have any questions or require further information. 
 
Sincerely, 

 
 
 

 
Wesley Salter, PWS, CPESC    Richard Beck, PWS, CEP, CPESC   
Project Manager     Director of Regulatory Services 
Natural Resources/Regulatory Permitting  Natural Resources/Regulatory Permitting 
 
 
Attachments: 
 
Exhibit 1, Corps/Regional Board Jurisdictional Map 
 

mailto:wesley.salter@mbakerintl.com
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Corps Ordinary High Water Mark

Project Site

Access Road

Temporary Jurisdictional
Impact Area

Open Cut River Crossing Alternative
(Non-Jurisdictional)

Open Cut River Crossing Alternative (Impacted)

Corps WoUS Jurisdictional Impacts (Permanent)

Corps WoUS Jurisdictional Impacts (Temporary)

Jurisdictional Feature Permanent Jurisdictional 
Impacts (acres)

Temporary Jurisdictional 
Impacts (acres)

Santa Ana River 0.09 3.2
Drainage A 0.07 0.16

Totals 0.16 3.36
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Final Auger Boring Locations Map



 

Photograph 1.  View of access ramp located on the western side of the river 
channel.  The flagged plant in the foreground is a Santa Ana woolly star that 
was avoided. 

Photograph 2.  View of the drill rig moving between boring locations. 

Photograph 3.  View of drilling at boring location #3. Photograph 4.  View of boring location #3 after the completion of drilling. 
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Photograph 5.  View of drilling at boring location #5. Photograph 6.  View of drilling at boing location #7. 

Photograph 7.  View of boring location #7 after the completion of drilling. Photograph 8.  View of upland soil disposal site. 
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DEPARTMENT OF THE ARMY 
US ARMY CORPS OF ENGINEERS 

LOS ANGELES DISTRICT CORPS OF ENGINEERS 
PO BOX 532711 

LOS ANGELES, CALIFORNIA 90053-2325 

September 06, 2013 

Regulatory Division 

Michael Plinski 
City of Riverside 
Mission Square Building 
3750 University Avenue 
Riverside, Ca 92501 

DEPARTMENT OF THE ARMY NATIONWIDE PERMIT VERIFICATION 

Dear Mr. Plinski: 

I am responding to your request (SPL-2013-00028-BLR) for a Department of the Army 
permit.  Your proposed project, Auger Borings for the Riverside North Aquifer Storage and 
Recovery Project, is located at 34.061145 N, -117.309551 W, within the City of Colton, San 
Bernardino County, California. 

This project would result in a discharge of dredged and/or fill material into waters of the 
United States.  Therefore, pursuant to section 404 of the Clean Water Act (33 U.S.C. 1344; 33 
C.F.R. parts 323 and 330), your proposed project requires a Department of the Army permit.  

I have determined construction of your proposed project would comply with Nationwide 
Permit (NWP) No. NWP 6 Survey Activities, if constructed as described in your application.

Specifically, and as shown on the attached drawing(s)/map(s), you are authorized to conduct 
the following regulated activities: 

1. Conduct seven geotechnical borings within the Santa Ana River, re-filled with cement-
bentonite to within 2 feet of ground surface, and refilled with native sediment within the 
upper two feet, resulting in a total of approximately 0.06-acre temporary impacts to non-
wetland waters of the United States.

2. Temporarily stockpile approximately 2 CY of excavated sediment within each of the 
seven 20 x 20 foot staging areas and dispose of all remaining sediment at an upland 
offsite facility.  

For this NWP verification letter to be valid, you must comply with all of the terms and 
conditions in Enclosure 1.  Furthermore, you must comply with the non-discretionary Special 
Conditions listed below:

REPLY TO
ATTENTION OF                          



1.  The Permittee shall clearly mark the limits of the workspace with flagging or similar means 
to ensure mechanized equipment does not enter preserved waters of the U.S. and riparian 
wetland/habitat areas.   Adverse impacts to waters of the U.S. beyond the Corps-approved 
construction footprint are not authorized.  Such impacts could result in permit suspension 
and revocation, administrative, civil or criminal penalties, and/or substantial, additional, 
compensatory mitigation requirements. 

2. Endangered Species Act: This Corps permit does not authorize you to take any threatened or 
endangered species, in particular the Bell’s vireo (Vireo bellii pusillus), Santa Ana River 
woolly star (Eriastrum densifolium spp. sanctorum, Santa Ana Sucker (Castostomus
santaanae), southwestern willow flycatcher (Empidonax traillii extimus), and San 
Bernardino kangaroo rat (Dipodomys merriami parvus) or adversely modify its designated 
critical habitat.  In order to legally take a listed species, you must have separate 
authorization under the Endangered Species Act (ESA) (e.g. ESA Section 10 permit, or a 
Biological Opinion (BO) under ESA Section 7, with "incidental take" provisions with which 
you must comply). Pursuant to the U.S. FWS correspondence dated August 29, 2013 
including the required avoidance and minimization measures, the Corps Regulatory 
Division has determined and the FWS has concurred that your activity is not likely to 
adversely affect the above species. Your authorization under this Corps permit is conditional 
upon your compliance with all of the required avoidance and minimization measures, which 
are incorporated by reference in this permit. Failure to comply with the required avoidance 
and minimization measures would constitute non-compliance with your Corps permit. The 
U.S. FWS or NMFS is the appropriate authority to determine compliance with the terms and 
conditions of its BO and with the ESA. 

3. No later than one month following completion of authorized work in waters of the U.S., the 
Permittee shall ensure all sites within waters of the U.S. subject to authorized, temporary 
impacts are restored to pre-project alignments, elevation contours, and conditions to the 
maximum extent practicable to ensure expeditious resumption of aquatic resource functions.  
No later than 45 calendar days following completion of authorized work in waters of the 
U.S., the Permittee shall submit a memorandum documenting compliance with this special 
condition.

This verification is valid through March 18, 2017. If on March 18, 2017 you have 
commenced or are under contract to commence the permitted activity you will have an additional 
twelve (12) months to complete the activity under the present NWP terms and conditions. 
However, if I discover noncompliance or unauthorized activities associated with the permitted 
activity we can exercise discretionary authority and thereby modify, suspend, or revoke this 
specific verification at an earlier date in accordance with procedures in 33 C.F.R. § 330.4(e) and 
33 C.F.R. § 330.5(c) or (d). At the national level the Chief of Engineers at any time prior to the 
expiration of a NWP may chose to modify, suspend, or revoke the nationwide use of a NWP 
after following procedures set forth in 33 C.F.R. § 330.5. It is incumbent upon you to comply 
with all of the terms and conditions of this NWP verification and to remain informed of any 
change to the NWPs. 



A NWP does not grant any property rights or exclusive privileges.  Additionally, it does not 
authorize any injury to the property, rights of others, nor does it authorize interference with any 
existing or proposed Federal project.  Furthermore, it does not obviate the need to obtain other 
Federal, state, or local authorizations required by law. 

Thank you for participating in the regulatory program.  If you have any questions, please 
contact Bonnie Rogers at 213-452-3372 or via e-mail at Bonnie.L.Rogers@usace.army.mil.  
Please complete the customer survey form at http://per2.nwp.usace.army.mil/survey.html, which 
would help me to evaluate and improve the regulatory experience for others. 

Sincerely,

Daniel P. Swenson, D. Env 
Chief, L.A. and San Bernardino Section 
North Coast Branch 
Regulatory Division 

Enclosure(s)













mailto:Bonnie.L.Rogers@usace.army.mil.
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ENVIRA 

Aquaculture        Fisheries           Environmental 

P.O. Box 2612, Ramona, California, USA 92065 

Phone 619-885-0236     E-mail       PHVERGNE@AOL.COM 

 

 
June 22, 2013 

 
David Moskovitz 
Glenn Lukos Associates, Inc. 

29 Orchard 

Lake Forest, California 92630 

 

 
Subject: Site Evaluation and Recommendations for SBKR impact minimization on Auger Borings for 

the Riverside North Aquifer Storage and Recovery Project. 
 

 

The City of Riverside is currently in the planning phase for the proposed Riverside North Aquifer Storage and 

Recovery (ASR) Project, which will construct facilities designed to increase groundwater recharge in order to increase 

future water supplies.  Geotechnical exploration is required to provide subsurface data to support the engineering 

design effort for the proposed Riverside North ASR Project.  The Riverside North ASR Project is located 

downstream of the Interstate 10 crossing of the Santa Ana River in Colton, California. 

 

The proposed project includes soil exploration borings within the active river flood plain and access to the borings 

using existing dirt roads on the north side of the river. A small staging area is also planned and currently located on 
the upper shelf, above the floodplain in proximity to an existing switching station (Figure One). 

 

A focused San Bernardino Kangaroo rat-SBKR trapping survey was conducted within the proposed project footprint 

by Tom Dotson and Associates in June 2009.  No SBKR were captured during that survey.  In conjunction with the 

processing of a Clean Water Act Section 404 permit for the proposed borings, the U.S, Army Corps of Engineers 

(Corps) has requested a current site assessment to identify activity of or sign of SBKR within the project area.  The 

purpose of this assessment was to determine the potential for SBKR presence, and to identify measures to avoid 

impacts to SBKR.   

 

On June 21, 2013 Philippe Vergne of ENVIRA and David Moskovitz of Glenn Lukos Associates walked the project 

foot print and access road to assess potential impacts to SBKR and other small mammals and determine whether a 

no impact access path, staging area, and boring locations could be found. 

Signs of small mammal use, including kangaroo rats, were detected adjacent to the upland access road and staging 

area, and on vegetated terraces adjacent to the unvegetated river bottom.  Signs included burrows, tracks, scat and 

tail drag marks, which indicate the presence of the non-listed Dulzura kangaroo rat (DKR), which was trapped 

within the project area in 2009, and/or potentially SBKR. 

Based on the walkover survey it is apparent that if the following changes are implemented to the project design that 

no impacts to SBKR burrows or SBKR individuals would occur due to project implementation (i.e., auger borings). 

 

 



1. Relocate staging area slightly to portions of the field that have been disked and which do not have small 

mammal burrows. 

2. Follow existing access roads to flood plain and access river bottom directly at a perpendicular to bottom of 

access road. 

3. Use non vegetated areas of bottom of the river for access, and boring of holes. 

4. Operate during daylight hours only. 

5. Mark and flag sensitive or protected resources (burrow, plants) so that they can be avoided during access 

and boring. 

6. Back fill boring hole or cover them daily to prevent entrapment 

7. Use monitor to make sure guidelines are followed. 

If those steps are followed no impacts to SBKR should occur. 

 

CERTIFICATION 

 

I hereby certify that the statements furnished above and in the attached exhibits present data and information 

required for this biological evaluation, and that the facts, statements, and information presented are true and correct 

to the best of my knowledge and belief. 

 

 

 

Philippe Jean Vergne 
 

Philippe Vergne                                                                                                 

Principal ENVIRA 
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Riverside Public Utilities 

 
MEMORANDUM 

Water resources Division 

 

DATE: 8/18/2011                                                                                

TO: MAX RASOULI 

FROM: GREG HERZOG 

RE: New Woolly-Star Populations Occurring on RPU Property in Colton, CA 
 

 

On August 16 and 17, 2011, Riverside Public Utilities (RPU) Water Resources Division staff 
scouted property owned by RPU located in Colton, CA, to document any additional Santa Ana 
River woolly star locations that were unaccounted for during a 2009 plant survey. The property 
is located south of East Congress St. and west of the Santa Ana River. In the 2009 survey, 
woolly star was documented occurring on RPU property near the RPU City of Colton property 
divide. 
 
RPU Staff walked the entire RPU property area and flood control levee to search for additional 
woolly star plants. The existing woolly star area surveyed in 2009 continues to have woolly star 
present and was not included in the new 2011 survey. During the recent 2011 plant survey, 34 
additional woolly star plants were located and documented. Thirty three of the plants were 
located along the RPU City of Colton property divide, west of the previously surveyed woolly 
star population. All of the 33 plants occurred along the south side of a dirt access road. Many 
of the plants were a few inches in height suggesting they are relatively young in age. An 
additional plant was located along the San Bernardino County flood control levee, south of 
Flume 4. The attached map includes the new woolly star plant locations along with the 2009 
surveyed woolly star area. 
 
The GPS receiver used to document the additional plants was a Trimble Geo XH, 2005 series 
receiver with accuracy under 1 meter. When a plant was observed, the GPS receiver was placed 
next to the plant and allowed to link with satellites for approximately 30 seconds prior to writing 
down the coordinates. The latitude and longitude was recorded in decimal degrees using the 
North American 1983 datum. 
 
Attachments: 
- Map: Woolly-Star Populations Occurring on RPU Property in Colton, CA 
- Photos 
- New woolly-star plant coordinates 
- 2011 Field maps 
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Woolly Star Plant Locations Observed on August 17, 2011

Latitude (Y) Longitude (X)
34.05473690 117.31878250
34.05475980 117.31878190
34.05474750 117.31878500
34.05475850 117.31878990
34.05475920 117.31878840
34.05475930 117.31878670
34.05475950 117.31878680
34.05474720 117.31879180
34.05476423 117.31878677
34.05468130 117.31896038
34.05468230 117.31897297
34.05467122 117.31898777
34.05468000 117.31898150
34.05469350 117.31898730
34.05467820 117.31899325
34.05476909 117.31879807
34.05476910 117.31879820
34.05476911 117.31879830
34.05477520 117.31878740
34.05477530 117.31878750
34.05477540 117.31878760
34.05476270 117.31879360
34.05476370 117.31879370
34.05476690 117.31879677
34.05476394 117.31879580
34.05476395 117.31879590
34.05476396 117.31879600
34.05476518 117.31880323
34.05476164 117.31880545
34.05476412 117.31880795
34.05474575 117.31880206
34.05475407 117.31881906
34.05472893 117.31877082
34.04958580 117.31982970

Datum: NAD 83
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(USGS  San Bernardino South Quadrangle, 
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I. EXECUTIVE SUMMARY 
 
The City of Riverside (City) and its project partners the Orange County Water District (OCWD), 
San Bernardino Valley Municipal Water District (SBVMWD), and Western Municipal Water 
District (WMWD) have developed the Riverside Groundwater Aquifer Storage and Recovery 
System Project (Project) which is designed to recharge the groundwater aquifers of the 
Riverside and Colton groundwater basins, by capturing stream runoff from the Santa Ana River 
(SAR).  
 
On behalf of RBF Consulting, Tom Dodson & Associates (TDA) has prepared this report to relay 
the findings regarding the biological resources and habitat assessment and focused surveys.  
The California Natural Diversity Data Base (CNDDB) and literature references were examined 
to obtain information on species occurrences in the project vicinity.  Background information 
was gathered prior to visiting this site in order to determine which species would be expected to 
occur in the project area.  According to the CNDDB, 44 sensitive species have been recorded in 
the San Bernardino South Quadrangle.  Of the 44 species listed in the CNDDB, 12 species 
have a moderate potential to occur onsite.  The suitability of the habitat onsite for the species 
listed in the CNDDB was evaluated in the field and is discussed in detail in the CNDDB Species 
Occurrence Potential table provided in Appendix A.  
 
The majority of the site is underlain by alluvial Tujunga gravely sands.  All of the soils onsite are 
alluvial in origin and no Aeolian Delhi Sands occur onsite.  Habitat communities occurring onsite 
consist of Riversidean alluvial fan sage scrub (RAFSS) and a mosaic of riparian communities 
including southern cottonwood willow riparian scrub, mule fat scrub, sandy riverwash, and 
stream habitat. The habitat conditions onsite are heavily disturbed and degraded. 
 
The site was assessed for botanical components, habitat suitability for Delhi Sands flower-loving 
fly (Rhaphiomidas terminatus abdominalis) (DSF), burrowing owl (Athene cunicularia), and San 
Bernardino kangaroo rat (SBKR) (Dipodomys merriami parvus).  Since the site contains only 
alluvial Tujunga gravely sands, the habitat was deemed unsuitable for DSF by entomologist Ken 
Osborne and the U.S. Fish and Wildlife Service (USFWS).  As a result of the lack of Delhi Sand 
soil, the USFWS determined that protocol surveys were not warranted in this case.  Focused 
surveys, however, were conducted for SBKR and burrowing owl.  Permitted biologists to trap 
and handle SBKR, Philippe Vergne and Shay Lawrey, concluded that the site is marginally 
suitable for SBKR.  No SBKR were captured during the trapping effort.  There was also no 
evidence found indicating historical or recent burrowing owl activity onsite.  Species of note 
found during the course of the surveys include Santa Ana River woollystar (Eriastrum 
densifolium ssp. sanctorum), Los Angeles pocket mouse (LAPM) (Perognathus longimembris 
brevinasus), southern grasshopper mouse (Onychomys torridus ramona), northwestern San 
Diego pocket mouse (Chaetodipus fallax fallax), San Diego black-tailed jackrabbit (Lepus 
californicus bennettii), horned lizard: potentially Coast (San Diego) horned lizard (Phrynosom 
coronatum (blainvillei)), killdeer (Charadrius vocilerus), black-necked stilt (Himmilopus 
muicana), and spotted sandpiper (Actitis macularia). 
 
The project area occupies areas within the active SAR channel (on-channel location) and an 
area immediately west of the SAR channel (off-channel location).  The project, will directly 
impact an area of ~45 acres in size, resulting in the loss of habitat within the new facilities 
footprint of the rubber dam, levees improvements, and recharge areas.  The operation of 
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groundwater recharge basins in the project area can result in the capture and recharge of an 
average annual volume of 7,300 to 11,000 acre-ft of surface water to the groundwater aquifer. 
 
The location of the proposed rubber dam and levee improvements are mapped within 
designated critical habitat for the Southwestern willow flycatcher (SWWF).  At this time the 
habitat in the project area is not suitable to support SWWF, i.e. it lacks constituent elements to 
support SWWF.  This species requires a well developed canopy structure and standing water 
nearby.  The vegetation onsite is emergent and no mature stands of riparian vegetation 
currently exist onsite.  The nearest known locations of SWWF are downstream of the project 
site between the Rialto Drain and Riverside Avenue.  Although the site is not occupied by 
SWWF,  The USFWS will make the determination if 
these impacts adversely modify the critical habitat for SWWF.  In addition to the onsite biological 
resources, a number of sensitive species rely on the riparian and water resources in the SAR 
downstream of the project site.  Three listed species, the Santa Ana sucker (SUSU), 
vireo (LBVI) and SWWFL are known to occur at several locations in the riparian habitat located 
downstream of La Cadena Avenue to Prado Dam.  The data contained herein show that the 
post-project flows will remain sufficient to sustain the existing riparian habitat.  Under this 
assumption, there will be no direct or indirect impacts to SASU, LBVI or SWWF 
 
II. PROJECT AND PROPERTY DESCRIPTION 
 
Location 
 
The proposed Project is located in the southern portion of the City of Colton and north of the 
City of Grand Terrace.  The Project site is located south of the Interstate 10 (I-10) Freeway and 
East M Street, west of the Interstate 215 (I-215) Freeway and Santa Ana River (SAR), and east 
of the Union Pacific Railroad right-of-way.  The Project abuts the SAR as it trends south and 
bends westward.  The Project site is currently surrounded by undeveloped properties to the 
north and west and the Cooley Ranch Planned Development to the east (on the east side of the 
SAR).  Roadways providing vehicular access to the Project site include East Congress  and 
South Fogg streets.  Currently, the Project site consists of vacant land with several dirt  roads 
crossing the Project site and several water wells owned and operated by the City of Riverside 
Public Utilities Department.  In addition, a Southern California Edison (SCE) Substation is 
located to the northeast of the Project area. Electrical Transmission tower easements 
associated with this facility traverse the Project area and surrounding properties in a north-south 
direction.  The sediments under laying the site are alluvial sand and gravel deposited by historic 
flows of the SAR, Warm Creek, and Lytle Creek.  The elevation at the site is approximately 940 
feet above mean sea level and groundwater in the site vicinity is located approximately 46 feet 
below the ground surface, based on records from a well located approximately 800 feet east of 
the site.  Refer to Figures 1 -3. 
 
Regional Setting  
 
In 1991 the U.S. Geological Survey (USGS) initiated the National Water-Quality Assessment 
(NAWQA) Program to assess the status and trends in the quality of freshwater streams and 
aquifers.  The proposed project is located within the Inland Santa Ana Basin portion of the 
Santa Ana Basin Study Unit.  The San Bernardino and San Gabriel Mountains form the northern 
boundary of Inland Santa Ana Basin.  The mountains are separated by the Cajon Pass, which is 
a structural trough down-faulted between two major faults, the San Andreas and the San 
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Jacinto. To the east, there is a structural depression between the San Jacinto Fault and the San 
Bernardino Mountains, which forms the alluvium-filled, Bunker Hill Groundwater Basin.  The 
southern boundary of Inland Santa Ana Basin is along a drainage divide in what is known as the 
"Badlands" south of San Timoteo Canyon. Quaternary alluvial deposits and recent soils 
comprise the majority of the near-surface and surficial sediment covering the Inland Santa Ana 
Basin.  In general, the soils tend to be sand, silt and clay loams with occasionally gravelly or 
cobbly sandy loams.   
 
Environmental Setting  
 
The SAR is the river system associated with the proposed project. The SAR is the largest 
stream system in southern California, beginning in the San Bernardino Mountains, which reach 
altitudes exceeding 10,000 feet, and flowing approximately 100 miles to the Pacific Ocean near 
Huntington Beach.  The SAR is a meandering stream, with an extended river bottom area 
containing riparian vegetation and open sand.  The SAR floodplain contains, among other 
habitat types, Riversidean Alluvial Fan Sage Scrub (RAFSS) and riparian habitat, both of which 
are regionally significant habitat types confined to river and creek floodplains of southern San 
Bernardino and northwest Riverside counties. 
 
Surface flow in the SAR is comprised of base flow and storm flow.  When base flow is zero 
excepting for storm events, ephemeral conditions exist.  When base flow can be characterized 
as some value in cubic feet per second, perennial flow conditions exist.  Rising groundwater in 
certain sections of the Santa Ana River creates perennial flows. The other major sources of 
surface flows in the river are discharges from wastewater treatment plants, which have created 
perennial flow conditions in some portions of the river, especially within the last twenty years.  
The locations of ephemeral and perennial sections in the upper Santa Ana River have changed 
historically.  From 1960 to 1977, perennial flow occurred in the reach between Riverside 
Narrows and Prado Dam.  Between 1978 and 1983, perennial flows extended to the Bunker Hill 
Basin along the river and Warm Creek.  In 1996, when the City of San Bernardino moved its 
discharge point from the vicinity of E Street to the Rapid Infiltration and Extraction (RIX) facility, 

became ephemeral (MJW 1997). 
 
Tributary inflows contribute most of the natural flow and sediment in the SAR. These tributaries 
have watersheds in the foothills and higher terrain of the San Bernardino Mountains, except for 
Reche Canyon Channel.  The principle tributaries upstream of Project area include Bear Creek, 
Mill Creek, Plunge Creek, City Creek, Mission Creek, San Timoteo Creek, Twin Creek/Warm 
Creek Channel, Cajon Wash, and Lytle Creek /Cajon Wash.  The principle tributaries 
downstream of Project area include Reche Canyon Channel, Rialto Drain (perennial flow), 
Sunny Slope Creek, San Sevaine/Etiwanda Channel, and Day Creek. 
 
The Santa Ana Regional Water Quality Control Board (SARWQCB) has divided the mainstem of 
the SAR into six reaches, each reach being considered a hydrologic and water quality unit 
(SARWQCB Basin Plan, 1995, updated 2008).  These reaches are shown in Figure 4 and 
described as follows: 
 
Reach 6 is the upstream portion of the system to the recently constructed Seven Oaks Dam.  

Flows consist of snowmelt from the San Bernardino Mountains and storm runoff.  
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Reach 5 is that portion from Seven Oaks Dam to San Bernardino to the San Jacinto Fault 
(Bunker Hill Dike).  Most of this reach is dry at the surface, except during storms.  The 
channel is largely operated as a flood control facility.  The downstream end of this reach 
includes rising groundwater (which typically percolates into the upper end of Reach 4) 
and intermittently, San Timoteo Creek surface flows.  

 
Reach 4 consists of the river channel from the Bunker Hill Dike downstream to Mission 

Boulevard Bridge in the City of Riverside.  The bridge marks the upstream limit of rising 
water induced by flow constriction at Riverside Narrows.  The project area is physically 
located at the very upper end of this reach, just below the end of Reach 5.  Flows in this 
reach, downstream of the Rialto Drain are now perennial, due to discharges from the 
RIX facility and the Rialto wastewater treatment plant.  

 
Reach 3 includes the river from Mission Bridge downstream to Prado Dam.   Many tributaries 

enter the river in this section, including Temescal, Chino and Mill/Cucamonga Creeks.  
Additionally, effluent discharges from the City of Riverside, City of Corona, Inland Empire 
Utilities Agency and the Western Riverside Regional Wastewater Reclamation Authority 
facilities contribute to flows between Van Buren Boulevard and Prado Dam.  This reach 
is located downstream of the Project area but is considered in the biological impacts 
analysis. 

 
Reach 2 occurs from Prado Dam through the Santa Ana Canyon into Orange County.  Flows 

are recharged into the Orange County groundwater basin.  The downstream end of the 
forebay/recharge area, or the limit of surface flows, is at 17th Street in Santa Ana. 

 
Reach 1 is a dry flood control facility, extending from 17 th Street to the tidal prism at the Pacific 

Ocean. 
 
The proposed project is located within the floodplain of the SAR in the upstream end of Reach 
4. The proposed water impoundment area encompasses approximately 41.5 acres of 
contiguous land, all of which is undeveloped.  Existing development in the immediate vicinity of 
the project is industrial and residential.  Land immediately surrounding the water impoundment 
area is vacant, with the SAR located directly east.  The reach of the SAR in the project area 
consists of soft bottom, and rip rap levees.  
 
The Project site is essentially flat with a slope to the southwest at about a 1.5-percent.  The 
elevation at the project area averages about 915 feet above mean sea level.  The local climate 
is characterized by hot summers, mild winters and rainfall, which occurs almost entirely in the 
winter and early spring months.  The average annual rainfall is about 16 inches.  The climate is 
somewhat affected by the moderating effects of the Pacific Ocean.  Average temperatures 
range from a minimum of 39
Winds occur from all directions.  Onshore winds from the west/southwest occur during the day, 
and at night wind patterns reverse with an offshore flow generally coming from the 
east/northeast. 
 
Project Description 
 
The City of San Bernardino, Orange County Water District (OCWD), San Bernardino Valley 
Municipal Water District (SBVMWD), and Western Municipal Water District (WMWD) conducted 
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a study to develop conjunctive use alternatives for integrating the management of imported 
water, recycled water, and stormwater for water users that have access to groundwater in the 
Riverside and Colton groundwater basins.  As a result of the study and current environmental 
and economic factors, the City of Riverside (City) and its project partners have development the 
Riverside Groundwater Aquifer Storage and Recovery System Project (Project), which is 
designed to recharge the groundwater aquifers of the Riverside and Colton groundwater basins, 
by capturing stream runoff from the SAR.  
 

 intended purpose includes improvement of the groundwater quality in the 
Riverside and Colton water basins, reduced dependence on imported water through increased 
storage, and the creation of additional groundwater recharge basins along the SAR within the 
Project area.  
 
The Project is characterized by the following primary components the 
 
1. In-Stream Recharge Component  
2. Off-Stream Recharge Component 
3. Other Project Components 
 a. State Water Project Pipeline 
 b. Utility Crossing 
 c. Passive Recreation Park Facility 
 
In-Stream Recharge Component 
 
The in-stream recharge component is the portion of the proposed Project that will be 
constructed within the SAR channel.  This component will provide opportunities for groundwater 
recharge to occur within the SAR channel as water is impounded behind an inflatable dam.  To 
accomplish this, the project proposes the construction of an Obermeyer inflatable dam across 
the SAR channel, which can be raised and lowered, depending on the amount of water flowing 
down the river.  Current Project concepts indicate that the proposed dam would span approxi-
mately 700 feet across the SAR and dam height is expected to be between 6 and 10 feet.  The 
area anticipated to be covered by water impounded behind the inflatable dam is approximately 
25 acres.  
 
The installation of the inflatable dam on the SAR will take approximately 4 to 6 months including 
design, manufacturing, and construction.  In addition to construction of the inflatable dam, other 
improvements will be required as part of the In-Stream Recharge component of the project.  
These additional components include:  
 
 Removal/ reconstruction of approximately 100 lineal feet of new levees downstream of the 

proposed dam location; 
 Modification of approximately 2,400 lineal feet of Army Corps of Engineers (Corps) levees 

upstream of the proposed dam location; 
 Construction of a water diversion structure through the west levees north of the proposed  

recharge basins; and 
 Miscellaneous rip-rap/ energy dissipater devices downstream of the proposed dam location 

to reduce erosion at the base of the dam structure.  The project assumes that 
approximately 100 feet downstream of the proposed dam structure will  be required to 
accommodate these materials and devices. 



Riverside Groundwater Aquifer  BIOLOGICAL RESOURCES AND 
Storage and Recovery Project  HABITAT ASSESSMENT REPORT 
 
 

 
RBF-135/Bio  TOM DODSON & ASSOCIATES 6 

Off-Stream Recharge Component 
 
As proposed, the Project would construct groundwater recharge basins on the west side of the 
SAR  When the proposed 
dam is fully inflated, the water impounded behind the dam would be diverted into the proposed 
off-stream recharge basins to replenish the groundwater aquifer within the Colton/Riverside 
groundwater basin.  The preliminary design of the groundwater recharge basins involve up to 
8 individual recharge basins arranged sequentially encompassing approximately 24 acres.  It is 
anticipated that the depths of these basins will range from 6 to 11 feet and be connected in 
series with pipes and gate structures.  
 
To ensure that the basins do not overflow and impact adjacent areas, an outlet in the southern-
most basin would connect back into the SAR, allowing conveyance of overflow water back into 
the river.  Implementation of this component will require the construction of a diversion structure 
and desilting basin that connects the recharge basins to the area behind the dam.  The 
diversion structure will require modification to the levees north of the proposed basin area, 
which is addressed as part of the In-Stream Recharge component discussion above. 
 
Other Project Components:  State Water Project Pipeline 
 
The State Water Project component of the proposed Project includes the construction of 
conveyance facilities (24-inch diameter pipeline, pumps, and valves) to connect the proposed 
groundwater recharge basins to the State Water Project turnout located on the east bank of  the 
river channel, south of the Union Pacific Railroad right-of-way.  A preliminary alignment option 
for this component has been identified within the proposed project limits.  It is anticipated that 
this component would cross the river below the inflatable dam location, or another suitable 
location depending on feasibility. In addition, a hydro-generating facility may be installed as part 
of these improvements if deemed economical.  
 
Other Project Components:  Utility Crossing 
 
As part of the dam construction, the Project would include the placement of a 42-inch diameter 
steel casing across the SAR, located beneath the inflatable dam.  This casing will contain 
multiple conduits allowing a utility crossing under the SAR. 
 
Other Project Components:  Passive Recreation Park Facility 
 
The final component of the proposed Project is the construction of a new passive recreational 
park in the vicinity of the recharge basins.  This facility will include hiking trails and a pedestrian 
bridge that crosses the SAR.  This bridge will provide access to the SAR trails located on the 
east side of the river bank.  It is anticipated that this bridge would cross the river above the 
inflatable dam location, or another suitable location depending on feasibility. 
 
On-Channel and Off-Channel Recharge Facilities Operation Scenario 
 
The Project is designed to recharge the groundwater aquifers of the Riverside and Colton 

includes improvement of the groundwater quality in the Riverside and Colton water basins, 
reduced dependence on imported water through increased storage, and the creation of 
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additional groundwater recharge basins along the SAR within the Project area.  Groundwater 
recharge is the replenishment of groundwater basins.  Additionally, one of the focal points of 
groundwater recharge is "conjunctive use," where water is stored underground during wet 
periods and is pumped out during dry or drought periods. In the SAR natural groundwater 
recharge occurs primarily from infiltration of precipitation and infiltration in the channel itself. In 
addition to natural recharge, treated wastewater is also used to recharge the groundwater 
basins downstream of the project area.   
 
The peak flow value of 1,500 cfs is the upper operational limit of the proposed design of the on-
stream rubber dam. It is estimated that the surface infiltration rate for the Santa Ana River 
Channel and off-channel recharge locations may be 3 feet/day.  An evaluation of surface flow 
records indicates that a significant volume of water is available for infiltration at the location of 
the project area. According to the Geohydrologic Evaluation of the Project prepared by 
GEOSCIENCE Support Services, Inc., over 1,200,000 acre-ft of surface flow has occurred in 
the project area between1966 and 2009.  Assuming an infiltration rate of 3 feet/day, approxi-
mately 310,000 and 460,000 acre-ft of surface flow can be captured.  Mean monthly available 
flows to the project area range from 5,975 acre-ft in the month of March to 492 acre-ft in the 
month of September for flows <1,500 cfs (Geoscience, 2009). 
 
The ability to capture and infiltrate surface flows will be a function of the surface area of the 
potential recharge facilities and the rate at which surface and subsurface sediments will allow 
infiltration. The largest surface flows will occur in the months between January and May and it is 
likely that portions of available flow will be required to bypass the current planned recharge 
locations when daily flows exceed the infiltration capacity of the proposed basins.  The current 
investigation indicates that operation of groundwater basins in the project area can result in the 
capture and recharge of an average annual volume of 7,300 to 11,000 acre-ft of surface water 
to the groundwater aquifer.  
 
The limitation of potential infiltration volumes is based on available surface area for groundwater 
infiltration (size of recharge basin) and the actual infiltration rate of surface sediments. The 
current proposed project locations for groundwater recharge will capture only a portion of 
surface flows available at the project area.  
 
III. BIOLOGICAL RESOURCE ISSUES AND SPECIES OF CONCERN 
 
A healthy riparian habitat community occurs throughout the SAR floodplain along the valley 
floor, where the water table is high and/or there is year-round water flow.  The SAR drains 
southwest towards the Prado Dam (Figure 5).  Several natural and channelized drainage 
courses connect with the SAR.  In addition to their fundamental water-related functions, these 
watercourses provide corridors through developed land and link open spaces together.   The 
SAR functions as a regional habitat linkage, corridor and buffer for wildlife.  Habitat linkages 
provide links between larger habitat areas. Habitat linkages are often critical to the long-term 
health of connected habitats.  Linkages may be very small or quite large. Habitat corridors are 
similar to linkages, but provide specific opportunities for animals to disperse or migrate between 
areas. Adequate cover is essential for a corridor to function as a wildlife movement area. It is 
possible for a habitat corridor to be adequate for one species yet inadequate for others.  In 
addition to linkage and corridor values, open space can provide a buffer against both human 
disturbance and natural fluctuations in resources. Examples of human-based disturbance 
include noise, direct human intrusion, trash dumping, fire risk, access by non-native predators, 
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and invasion and establishment by non-native species.  Natural variations in availability of 
biological resources which can potentially be buffered by adjacent habitat include fire, extremes 
of weather, and fluctuations in prey and predator populations. The project area appears to 
provide some buffering for the plants and wildlife in the near vicinity from human disturbance. 
The riparian community downstream of the project area is probably a more effective buffer from 
natural variations in biological resource availability (e.g., droughts, fire, random population 
fluctuations) due to the high level of documented natural resource diversity and richness. 
 
The riparian and RAFSS habitats within the SAR floodplain are dynamic habitat communities 
dependent upon periodic flooding.  Winter flows create areas of scour and sedimentation that 
cycle the community back to earlier successional stages.  Periodic floods of large magnitude, 
and migration of the river channel, lay down fresh alluvial deposits where seeds of can 
germinate and propagules can take root.  The dynamic hydrologic regime contributes to the 
habitat's structural diversity and high wildlife value.  In the absence of flooding, high levels of 
moisture in the soil promote the survival of the young riparian associated trees through their f irst 
year.  As these seedlings mature the river continues to deposit sediment on the floodplain.  This 
sediment deposition builds the river terraces and, as they are elevated, other plant species 
colonize resulting in further diversification in the floodplain community. 
 
Listed and Sensitive Species Potentially Occurring Onsite 
 
According to the CNDDB, 44 sensitive species have been recorded in the San Bernardino 
South Quadrangle.  Of the 44 species listed in the CNDDB, 12 species have a potential to occur 
onsite. These species are the Orange-throated whiptail (Aspidoscelis hyperythra), coastal 
western whiptail (Aspidoscelistigirs stejnegeri), burrowing owl (Athene cunicularia), northwester 
San Diego pocket mouse (Chaetodipus fallax fallax), San Bernardino kangaroo rat (Dypodomys 
merriami parvus), slender-horned spineflower (Dodecahema leptoceras), Santa Ana River 
woollystar (Eriastrum densifolium ssp. Sanctorum), mesa horkelia (Horkelia cuneata ssp. 
puberula), San Diego black-tailed jackrabbit (Lepus californicus bennettii), southern grass-
hopper mouse (Onychomys torridus ramona), Los Angeles pocket mouse (Perognathus 
longimembris brevinasus), coast (San Diego) horned lizard (Phrynosoma coronatum).  In 
addition to sensitive species, the CNDDB identified three sensitive habitat types with the 
potential to occur onsite.  These habitat types are RAFSS, southern cottonwood willow riparian 
forest and southern riparian scrub.  The suitability of the habitat onsite for the species listed in 
the CNDDB was evaluated in the field and is discussed in detail in CNDDB Species Occurrence 
Potential table provided in Appendix A.  Although Southwestern willow flycatcher (SWWF) 
[Empidonax traillii extimus]) were not identified as currently having the potential to occur in the 
project site, the project site is mapped within designated critical habitat for the SWWF (Figures 
6-8). 
 
Listed and Sensitive Species Potentially Occurring Offsite  
 
Data gathered from various environmental documents prepared for projects in the vicinity of the 
SAR directly downstream of the project site to Prado Basin were examined to assess what listed 
and sensitive species are expected to occur.  Based on the literature review a myriad of 
sensitive species have a potential to occur in the SAR at several locations along the offsite 
review area.  For simplification of this analysis only listed species known to occur in the review 
area are considered.  The Vireo bellii pusillus], Santa Ana sucker 
(SASU) [Catostomus santaanae], and SWWF are documented downstream of the project area 
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within the SAR to Prado Basin.  Based the most up to date data, SASU, LBVI, and SWWF are 
considered present downstream of project area between the Rialto Drain and Prado Basin.   
 
Water Supply and Water Quality Regulatory Framework 
 
Section 303 of the federal Clean Water Act (33 USC §1313) defines water quality standards in 
uses and water quality criteria. Under the Porter-Cologne Water Quality Control Act (California 
Water Code, Division 7, Chapter 2 §13050) these concepts are separately considered as 
beneficial uses and water quality objectives.  Beneficial uses and water quality objectives are to 
be established for all waters of the state, both surface and subsurface (groundwater).   A 
beneficial use is one of the various ways that water can be used for the benefit of people and/or 
wildlife, such as drinking, swimming, industrial and agricultural water supply, and the support of 
fresh and saline aquatic habitats. Table 1 list the beneficial uses designated for Reaches 3 
and 4 of the SAR (SARWQCB 2008).  
 
To protect water quality, the standards and limits are set dependent upon the beneficial uses.  
Surface water and groundwater used for municipal water supply commonly have the most 
stringent objectives and standards applied.   
 
Water supply in the Santa Ana watershed is regulated in part under a 1969 court judgment 
(Orange County Water District (OCWD) vs. City of Chino, et al., Case No. 117628-County of 
Orange).  The judgment requires an annual accounting and reporting of various surface flow 
and water quality parameters.  Reports are released in April for the previous water year.  The 
judgment recognizes the river as consisting of an Upper Area and a Lower Area, separated by 
Prado Dam.  The judgment sets forth a declaration of rights as to water users in each area, 
providing that users in the Lower Area have rights to receive certain average and minimum 
amounts of non-storm flows reaching Prado Dam, together with the right to all storm flows 
reaching Prado Dam. 
 
The judgment establishes minimum surface water flow obligations at two locations, Riverside 
Narrows and Prado Dam.  The minimum flow obligations are adjusted annually depending upon 
water quality and accumulated volumes.  The current minimum flow obligation is 12,420 acre-ft 
at Riverside Narrows and 34,000 acre-ft at Prado Dam.  San Bernardino Valley Municipal Water 
District is responsible for ensuring that the Riverside Narrows obligation is met; Western 
Municipal Water District and Inland Empire Utilities Agency (formerly Chino Basin Municipal 
Water District) are jointly responsible for ensuring that the minimum obligation at Prado Dam is 
met.  By agreement with San Bernardino Valley Municipal Water District, the City of San 
Bernardino is contractually obligated to deliver 16,000 acre-ft/year to the river.  The judgment 
further provides that the acquisition of upper area water rights by OCWD or other Lower Area 
entities shall be deemed to be included in the aggregate entitlement of the Lower Area, i.e., 
shall not increase said entitlement.  
 
Until 2000, the SAR 
order for the SWRCB to accept and process any new applications, it was necessary for some 
party to file a petition to modify the declaration of fully appropriated stream for the Santa Ana 
River.  In 1999, the OCWD, SBVMWD and the Western Municipal Water District filed the 
necessary petition to modify the declaration of fully appropriated stream.  The bases for the 
S
runoff due to urbanization, and (3) increased availability of water during wet years above the 
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values used in developing the 1969 judgment.  The SWRCB also considers the construction of 
the Seven Oaks Dam a significant change in conditions, affecting downstream flow patterns 
after storm events and providing a new potential storage function, to store water for beneficial 
uses.  Despite the re-opening of the Santa Ana River for further appropriation, the SWRCB 
clearly takes the position that it has made no finding about a specific amount of water that 
maybe available for appropriation under the specific applications, nor that the applications will 
be approved. 
 
Significantly, the SWRCB states that the initial classification of the SAR as fully appropriated 
was not based upon a need to reserve or retain water in the river or its tributaries for instream 
uses.  In other words, instream or environmental considerations were not relied upon as a basis 
for classifying the watercourse as fully appropriated.  Therefore, a decision to revise the status 
of the river did not have to include consideration or analysis of the instream or other 
environmental uses of the water sought to be appropriated.  This will be handled during the 
processing of the applications, based on agency environmental reviews of the proposals 
contained in each application. 
 
Regulatory Framework and Requirements 
 
U.S. Fish and Wildlife Service 
 
Special status species are native species that have been afforded special legal protection 
because of concern for their continued existence.  The U.S. Fish and Wildlife Service (USFWS) 
administers the federal Endangered Species Act (ESA) of 1973.  The ESA provides a legal 
mechanism for listing species as either threatened or endangered, and a process of protection 
for those species listed. Section 9 of the ESA prohibits "take" of threatened or endangered 
species.  The term "take" means to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, 
or collect, or to attempt to engage in such conduct.  "Take" can include adverse modification of 
habitats used by a threatened or endangered species during any portion of its life history.  
Under the regulations of the ESA, the USFWS may authorize "take" when it is incidental to, but 
not the purpose of, an otherwise lawful act.  Take authorization can be obtained under Section 7 
or Section 10 of the Act.  The Act requires Federal agencies to insure that activities they 
authorize, fund, or carry out are not likely to jeopardize the continued existence of any listed 
species, or destroy or adversely modify its critical habitat, if any is designated.  Activities 
requiring Federal involvement (such as a Section 404 permit under the Clean Water Act) that 
may affect an endangered species on federal or private land must be reviewed by the USFWS 
who will determine whether or not the continued existence of the listed species is jeopardized.  
 
The USFWS, in coordination with the CDFG, State Fish and Game Code §3503.5 and §3800, 
administers the Migratory Bird Treaty Act (MBTA), which provides protections for nesting birds 
that are both residents and migrants, whether or not they are considered sensitive by resource 
agencies.  The MBTA prohibits take of nearly all native birds. "Take" in this law has been 
construed by the courts much more narrowly than under the enacted ESA. Under the MBTA, 
"take" means only to kill, harm, or destroy individuals or eggs, or cause failure of a nesting 
effort. MBTA misdemeanor violations do not require either intent or awareness of the law, and 
involve substantial fines. Felony violations require that the government prove that the defendant 
acted "knowingly" against the law, and include fines as well as potential imprisonment. Permits 
are available through USFWS, but are generally only given for emergency repairs where 
potential loss of human life or safety is clearly imminent. These broad federal regulations are 
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applied selectively by public agencies as a practical matter, as it would be impossible to pursue 
every action threatening any bird or nest. The most common situations in which MBTA is 
applied are: (1) as an additional regulatory requirement in projects which hold the potential for 
substantial environmental degradation; (2) as an additional tool when prosecuting willful 
violation of other biological resource regulations such as the ESA or hunting regulations; (3) to 
provide protection of colonially nesting species, such as herons, terns, and swallows; and (4) to 
provide protection of nesting birds of prey. 
 
U.S. Army Corps of Engineers 
 
The U.S. Army Corps of Engineers (Corps or ACOE) regulates discharges of dredged or fill 
material into waters of the United States.  The Corps typically regulates Waters of the United 
States as any body of water displaying an ordinary high water mark (OHWM).  Waters of the 
United States include wetlands and non-wetland bodies of water that meet specific criteria.  The 
Corp Federal Clean Water Act (CWA) is 
founded on a connection, or nexus, between the water body in question and interstate 
commerce.  This connection may be direct through a tributary system linking a stream channel 
with traditional navigable waters used in interstate or foreign commerce, or may be indirect, 
through a nexus identified in the Corps regulations.  
 
The Corps reissued all existing nationwide permits (NWPs), general conditions, and definitions, 
with some modifications.  The Corps also issued six new NWPs, two new general conditions, 
and 13 new definitions.  The effective date for the new and reissued NWPs was March 19, 
2007.  These NWPs will expire on March 18, 2012.  The NWPs will protect the aquatic environ-
ment and the public interest while effectively authorizing activities that have minimal individual 
and cumulative adverse effects on the aquatic environment. 
 

Carabell v. United States1 (herein referred to sim
over waters of the United States under the Clean Water Act.  Congress enacted the CWA 

One of the mechanisms adopted by Congress to achieve that purpose is a prohibition on the 

compliance with other specified sections of the Act. In most cases, this means compliance with 
a permit issued pursuant to CWA §402 or §404.  

nt source and 
the waters of the United States, including the 

 
 
In Rapanos, the Supreme Court addressed where the Federal government can apply the Clean 

d five separate opinions in Rapanos (one plurality opinion, two 
concurring opinions, and two dissenting opinions), with no single opinion commanding a 
majority of the Court.  In the plurality opinion authored by Justice Scalia, four justices rejected 
the a
navigable in the traditional sense and their abutting wetlands.  However, the plurality concluded 

latively permanent, standing or 
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The agencies will assert jurisdiction over the following waters: 
 

 Traditional navigable waters, 
 Wetlands adjacent to traditional navigable waters, 
 Non-navigable tributaries of traditional navigable waters that are relatively permanent 

where the tributaries typically flow year-round or have continuous flow at least 
seasonally (e.g., typically 3 months), and 

 Wetlands that directly abut such tributaries. 
 
The agencies will decide jurisdiction over the following waters based on a fact-specific analysis 
to determine whether they have a significant nexus with a traditional navigable water: 
 

 Non-navigable tributaries that are not relatively permanent, 
 Wetlands adjacent to non-navigable tributaries that are not relatively permanent, and 
 Wetlands adjacent to but that do not directly abut a relatively permanent non-

navigable tributary. 
 
The agencies generally will not assert jurisdiction over the following features: 
 

 Swales or erosional features (e.g., gullies, small washes characterized by low volume, 
infrequent, or short duration flow), and 

 Ditches (including roadside ditches) excavated wholly in and draining only uplands 
and that do not carry a relatively permanent flow of water. 

 
The agencies will apply the significant nexus standard as follows: 
 

 A significant nexus analysis will assess the flow characteristics and functions of the 
tributary itself and the functions performed by all wetlands adjacent to the tributary to 
determine if they significantly affect the chemical, physical and biological integrity of 
downstream traditional navigable waters. 

 Significant nexus includes consideration of hydrologic and ecologic factors. 
 
Regional Water Quality Control Board 
 

RWQCB typically regulates discharges of dredged or fill material into waters of the United 
States, however they also have regulatory authority over waste discharges into Waters of the 
State, which may be isolated, under the Porter-Cologne Water Quality Control Act issued by the 
State Water Resources Board.  In the absence of a nexus with the Corps, the Regional Board 
requires the submittal of a Waste Discharge Requirement (WDR) application, which must 
include a copy of the project Stormwater Pollution Prevention Plan (SWPPP) and a copy of the 
project Water Quality Management Plan (WQMP), otherwise called a Standard Urban 

disturbances in the stream channel do not cause water quality degradation.  As in the case with 
the CDFG, the Regional Board will not begin processing the WDR application until CEQA 
documentation is adopted and certified. 
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California Department of Fish and Game 
 
Unlike the Corps, CDFG regulates not only the discharge of dredged or fill material, but all 
activities that alter streams and lakes and their associated habitat.  The CDFG, through 
provisions of the California Fish and Game Code (Sections 1601-1603), is empowered to issue 
agreements for any alteration of a river, stream, or lake where fish or wildlife resources may be 
adversely affected.  Streams (and rivers) are defined by the presence of a channel bed and 
banks, and at least an intermittent flow of water.  The CDFG typically extends the limits of their 
jurisdiction laterally beyond the channel banks for streams that support riparian vegetation.  In 
these situations the outer edge of the riparian vegetation is generally used as the lateral extent 
of the stream and CDFG jurisdiction. CDFG regulates wetland areas only to the extent that 
those wetlands are a part of a river, stream, or lake as defined by CDFG.  While seasonal ponds 
are within the CDFG definition of wetlands, they are not part of a river, stream, or lake, and may, 
or may not, be subject to the jurisdiction of CDFG under Sections 1601-1603 of the Fish and 
Game Code. 
 
The CDFG administers the state Endangered Species Act.  The State of California considers an 
endangered species one whose prospects of survival and reproduction are in immediate 
jeopardy.  A threatened species is one present in such small numbers throughout its range that 
it is likely to become an endangered species in the near future in the absence of special 
protection or management and a rare species is one present in such small numbers throughout 
its range that it may become endangered if its present environment worsens.  Rare species 
applies to California native plants.   
 
As with the MBTA, similar provisions within the California Fish and Game Code protect all native 
birds of prey and their nests (FGC §3503.5), and all non-game birds (other than those not listed 
as Fully Protected) that occur naturally in the state (§38oo). Species that are California fully 
protected include those protected by special legislation for various reasons, such as the 
California condor.  Species of Special Concern is an informal designation used by CDFG for 
some declining wildlife species that are not proposed for listing as threatened or endangered, 
such as the burrowing owl.  This designation does not provide legal protection, but signifies that 
these species are recognized as sensitive by CDFG. 
 
IV. METHODOLOGY 
 
Records Search and Literature Review 
 
Offsite  
 
To put the Project in a larger context and allow for a downstream affect analysis, the records 
search and literature review included the examination of data gathered from various biological 
surveys previously conducted in the vicinity of the SAR downstream of the project site to Prado 
Basin (Figure 5).  The primary bodies of literature used for background information include the 
following sources: Comments on the February 26, 2004 rules of the USFWS to designate 
Critical Habitat for the SASU; 2003 RIX Facility Recycled Water Sales Program Draft Program 
Environmental Impact Report (PEIR); 2004 RIX Facility Recycled Water Sales Program Final 
PEIR, Seven Oaks Dam USFWS Biological Opinion December 2002,  Section 7 Consultation 
for Operations of Seven Oaks Dam, San Bernardino County, California (1-6-02-F1000.l0) 
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August 2008, November 2001, Supplemental Final EIR/EIS for the Prado Basin and Vicinity, 
Including Reach 9 and Stablilization of the Bluff Toe at Norco Bluffs, ACOE. 
 
Onsite 
 
Background information was gathered prior to visiting this site to obtain information on species 
occurrences in the project vicinity.  The biological surveyor examined the California Natural 
Diversity Data Base (CNDDB).  The CNDDB search was conducted for the USGS  San 
Bernardino South Quadrangle, 7.5 Minute Series topographic map.  This resource provided 
baseline data regarding species occurrences within the project area.  
 
General Biological Survey 
 
On March 3 and 4, 2009, TDA biologist, Shay Lawrey, conducted general biological pedestrian 
surveys on the project site by walking the site and noting the habitat types, disturbance levels 
and animal species and determining the need for focused surveys.  Pedestrian surveys were 
conducted with the intentional bias of observing all habitat types.  The general biological 
surveys determined the need for detailed habitat assessments for DSF, burrowing owl and 
SBKR and focused surveys for burrowing owl and SBKR. 
 
Botanical Surveys 
 
The CNDDB search resulted in 21 special status plant species, 5 of which could potent ially 
occur on the Project site (see Appendix A).  Biologist, C.J. Fotheringham conducted the 
botanical surveys on April 18 and 28, 2009.  Ms. Fotheringham conducted the pedestrian survey 
by walking through all habitats in a manner that allowed viewing all areas.  All plant species 
were identified in the field or, if unknown, either a photo or relevant pieces of the plant were 
collected.  Species not identifiable in the field were identified later by looking at the collected 
specimens with a Leica 7x-35x dissecting microscope in consultation with the Jepson manual of 
the California Flora, Calflora.org, as well as other local and regional floras, as necessary.  
During the survey a GPS (Magellen Gold) was carried and tracks were logged. 
 
DSF Habitat Suitability Evaluation 
 
Contract Biologist, Ken Osborne conducted a DSF habitat suitability analysis of the Project site 
on April 11, 2009.  Mr. Osborne casually observed, from a distance, the portions of the project 
site within the SAR between the existing levees.  
proposed recharge areas outside of the channel.  The focused survey area was approximately 
30 acres in size, located west of the SAR, east of the Union Pacific Railroad right-of-way, and 
south of the existing residential developments on E. Congress Street and Florez Street.   
 
Soil maps of the study area prepared by the California Department of Agriculture (Woodruff 
1980) were reviewed.  The habitat was rated for its potential to support DSF on a scale of 1 to 5, 
with 5 being the best quality and most suitable habitat.  The rating scale used is as follows: 
 

1. Developed areas, non-Delhi Sands soils with high clay, silt, and/or gravel content.  
Delhi Sands extensively and deeply covered by dumping of exotic soils, rubble, trash, 
manure, or organic debris.  Unsuitable 
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2. Delhi Sands are present but the soil characteristics include a predominance of exotic 
soils such as alluvial materials, or predominance of other foreign contamination such 
as gravels, manure, or organic debris.  Sever and frequent disturbance (such as a 
maintenance yard or high use roadbed.  Very Low Quality 

 
3. Moderately contaminated Delhi Sands.  Delhi Sands with moderate to high 

disturbance (such as annual disking). Sufficient Delhi Sands are present to prevent 
soil compaction (related to contamination by foreign soils).  Some sandy soils 
exposed on the surface due to fossorial animal activity.  Low Quality 

 
4. Abundant clean Delhi Sands with little or no foreign soils (such as alluvial material).  

Moderate abundance of exposed sands on the soil surface.  Low vegetative cover.  
Evidence of moderate degree of fossorial animal activity by vertebrates and 
invertebrates.  May represent high quality habitat with mild or superficial disturbance. 
Moderate Quality 

 
5. Sand dune habitat with clean Delhi Sands.  High abundance of exposed sands on the 

soil surface.  Low vegetative cover.  Evidence (soil surface often gives under foot) of 
high degree of fossorial animal activity by vertebrates and invertebrates. Sand 
associated plant and arthropod species may be abundant.  High Quality 

 
Burrowing Owl Habitat Suitability Evaluation 
 
TDA biologist, Shay Lawrey conducted focused burrowing owl surveys on May 27 and 28, 2009.  

nia Burrowing Owl 
Consortium on April 1993 and the October 17, 1995 California Department of Fish and Game 
staff report on Burrowing Owl Mitigation.  This survey protocol identities a four-phased process 
with Phase IV being the report.  The first phase is a Habitat Assessment.  This phase calls for 
the identification of burrowing owl habitat onsite.  If it is determined that borrowing owl habitat is 
observed, then Phase II is conducted.  Phase II is a 100% coverage survey of the site plus a 
transect on adjacent properties when possible.  The protocol requires a 150-meter (~500 foot) 
zone of influence on all sides of the project at no more than 30 meter (~100 foot) intervals.  
During the site visit a pedestrian survey was conducted over the all open areas of the project 
site and in areas within 150 meters (~500 foot) of the project impact zone.  This 150-meter 
buffer zone is included to account for adjacent burrows and foraging habitat outside the project 
area.  The rational for this is that the proposed project may cause indirect impacts to adjacent 
burrowing owl from such factors as noise and vibration due to heavy equipment.  Pedestrian 
survey transects were spaced to allow 100 percent visual coverage of the ground surface.  The 
bases of perennial shrubs were checked for burrows and signs.  Natural and non-natural 
substrates were examined for potential burrow sites.  All burrows encountered were examined 
for shape, scat, pellets, and tracks.  Disturbance characteristics and all other animal sign 
encountered on the site are recorded in the results section.  Date time and weather conditions 
were logged. 
 
Focused SBKR Trapping Surveys 
 
On May 26, 2009 Ms. Shay Lawrey and Contract Biologist, Philippe Vergne, conducted a site 
assessment to determine the habitat suitability for SBKR.  Both Ms. Lawrey (TE 094308-0) and 
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Mr. Vergne (TE 0680072-2) are biologists permitted by the USFWS to trap and handle SBKR. 
During the walked over of the Project site they looked for tail drags, tracks, and scat indicative of 
kangaroo rats.  After the entire site had been evaluated they identified the optimal trapline 
locations.  A total of 150 traps were set within 4 traplines in the most appropriate habitat in the 
SAR and recharge areas of the Project.  In the SAR portion of the Project  area 3 traplines of 
30 traps each were placed along the bench habitat parallel to the channel flow line.  In the 
recharge area, outside of the channel, one trapline consisting of 60 traps was set in a north 
south orientation.  The trap lines consisted of 12-inch, Sherman live traps placed at 8-meter 
intervals. 
 
After Mr. Vergne and Ms. Lawrey placed the trap lines, Ms. Lawrey completed  the focused live-
trapping survey from May 26 through May 31, 2009.  Mr. Vergne reviewed the findings and co-
authored the report submitted to the USFWS.  Traps were baited with rolled oats, and inspected 
at midnight and again an hour before dawn the following morning.  All animals were identified, 
sexed and released unharmed at the point of capture.  Daily notes included weather conditions 
such as temperature, wind speed, and cloud cover. 
 
V. GENERAL BIOLOGICAL SURVEY RESULTS 
 
The majority of the site is underlain by alluvial Tujunga gravely sands.  The proposed recharge 
area is highly disturbed with a history of disking.  This area supports dense stands of exotic 
weed species dominated by exotic grasses Bromus and Hordeum; and by forbs, especially 
Amsinkia menzesii.  The northeast corner of the off-channel basin recharge area supports 
mature RAFSS on alluvial Tujunga gravelly sands.  Along the eastern margin of the off-channel 
basin recharge area, a strip of very fine alluvial sands extends out from the levee to 
approximately 100 meters.  This sandy area supports vegetation common to many sites with 
Delhi Sands (or sandy environs in general), such as Croton californica, Camissonia bistorata , 
and others.  All of the soils onsite are alluvial in origin and so, no Aeolian Delhi Sands occur 
onsite. In the in-channel recharge and rubber dam area the habitat communities consist of 
RAFSS and a mosaic of riparian communities including southern willow scrub, mule fat scrub, 
sandy riverwash and stream habitat (Please refer to site photos and Figure 9 for habitat onsite). 
 
The riparian and RAFSS habitats in the SAR are noted for supporting high species diversity and 
abundance.  Annual flooding and occasional large flood events maintain a cycle of succession 
and therefore maintains a mosaic of diverse natural communities.  Although the habitat 
conditions onsite are disturbed and degraded, species diversity is fairly high.  The riparian 
habitat in the project area, and downstream in the SAR, functions in part as a linkage, corridor 
and buffer network that extends into the large Prado Basin riparian communities.  
 
Observations of wildlife include scat, tracks, burrows, nest, calls, and individual animals.  A 
variety of water birds and neotropical migrant birds were noted in the Project area including the 
great blue heron, black-crowned night-heron, red-winged blackbird, common yellow throat, 
yellow-rumped warbler, Wilson s warbler, mallard, killdeer, black-necked stilt, and spotted 
sandpiper.  One invasive, non-native amphibian species was observed in the SAR portion of the 
Project area, the bullfrog. In the proposed recharge area a number of reptiles were seen 
including the western fence lizard, side-blotched lizard, western skink, and gopher snake.  A 
number of horned lizards were observed in the proposed recharge area.  The horned lizards 
were not identified to species, but could possibly be San Diego horned lizard, a species of 
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special concern.  A variety of ant species were found throughout the Project area.  The most 
common wildlife seen in the Project area include individuals or sign of black-tailed jackrabbit, 
coyote, raccoon, striped skunk, opossum, and California ground squirrel. The most common 
bird species observed were barn owl, red tail hawk, American kestrel, mourning dove, black 
phoebe, northern roughwing swallow, song sparrow, and common raven.  
 
VI. RARE, ENDANGERED/SENSITIVE SPECIES AND HABIATS RESULTS 
 
Botanical Surveys 
 
The RAFSS, particularly on the upper bench is in a highly disturbed state with infrequent 
patches of native vegetation including occasional areas with sparse vegetation and cryptogamic 
crusts.  There also access roadways to pumps and power lines as well as some apparent off-
road use.  In many places non-native grasses and other weedy species dominated.  A floral 
compendium is provided in Appendix B. 
 
The riparian communities were also disturbed by natural flooding processes and by some small 
amount of off-road traffic (tire-tracks evident in places).  The dominant species were Baccharis 
salicifolia, Salix spp, Veronica anagallis-aquatica and Xanthium strumarium.  
 
A total of 69 plant species were encountered on the site, 20 (29%) of which were non-native. 
The site consists of poor to moderate habitat for special status species.  One special status 
species however, was encountered, the Santa Ana River woollystar.  The species is an early 
seral stage, or pioneer, species that colonizes washed sand deposits created by sporadic fluvial 
(flooding) actions.  Its habitat along the SAR is characterized by aperiodic disturbances that 
regenerate habitat by fluvial scouring of existing alluvium and deposition of clean sand (washed 
of most fine particles and organic matter).  Between major flood events, these deposits typically 
exist as terraces above the high watermark of the associated river or braided stream 
(Figure 10a).  This endangered species exists as a member of the RAFSS natural community 
(Holland 1986). 
 
Santa Ana River woollystar was found on the northern margin of the proposed recharge area.  
Because exact property lines were not known an exact count was not attempted but it is likely 
there are less than 20 individuals within the site perimeter (Figure 10b).  This plant species is 
much more common adjacent to the site.  It is a perennial in the Phlox (Polemoniaceae) plant 
family.  It blooms from June to August and produces bright blue flowers that are up to 1.4 inches 
long that occur in flower heads with about 20 blossoms each.  This species is associated with 
early to moderate-successional alluvial scrub, and requires periodic flooding and silting for the 
creation of new habitats and colonization.  It is found only within open washes on open slopes 
above main watercourses on fluvial deposits where flooding and scouring occur at a frequency 
that allows the persistence of open shrublands.  The Santa Ana River woolly-star occurs along 
the SAR and Lytle and Cajon Creek flood plains from the base of the San Bernardino Mountains 
in San Bernardino County southwest along the SAR through Riverside County into the Santa 
Ana Canyon of northeastern Orange County from about 150 to 580 meters (Munz 1974; 
Roberts 1998). This species is threatened by floodplain modification for flood control purposes 
and development; off-road vehicle activity; grazing (resulting in heavy weed cover); farming; 
sand and gravel mining; and loss of habitat and competition with aggressive non-native species. 
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No other special status plant species were found onsite in the course of the botanical surveys.  
With only a couple exceptions, i.e., Nasturtium officinale vs. Nasturtium gambelii (see Table 2, 
Photo 8), no species found that were even similar to special status species.  The survey was 
conducted at a time of year that was appropriate for discerning the species on the CNDDB list.  
 
DSF Habitat Suitability Evaluation 
 
DSF is endemic to the Delhi series soils. The Delhi Sands flower-loving fly is a large insect with 
an elongate body, much like that of a robber fly.  The flight season of the Delhi Sands flower-
loving fly extends from early August to early September.  The adults are active during the 
warmest portions of the day during periods of direct sunlight.   All extant populations known of 
the DSF occur within an 8-mile radius of each other. The distribution straddles Interstate 10 in 
the vicinity of Colton and Rialto, Riverside and San Bernardino counties, California.  The most 
characteristic feature of all known sites of DSF is fine sandy soils, often wholly or partly sand 
dunes stabilized by the sparse native vegetation.  Areas containing sandy substrates with a 
sparse cover of perennial shrubs and other vegetation constitute the primary habitat 
requirement for DSFs.  Optimal vegetation cover is sparse, usually less than 50 percent, and 
usually in the range of 10-20 percent.  The DSF was listed as an endangered species by the 
USFWS on September 23, 1993 (58 Federal Register 49881). 
 
The high silt and gravel components to the soils located on the Project site outside of the 
100-meter wide strip of sandy soils on the eastern edge of the recharge area, make this area 
Unsuitable for DSF.   As for the 100-meter wide strip of sandy soils on the eastern edge of the 
site in the recharge area, the rating system was geared for evaluation of systems based on 
Delhi Sands.  Had the onsite sands been Delhi Sands, this area of the Project would have 
represented High Quality habitat for DSF, owing to the abundance of exposed sands on the 
surface with low clay, silt and/or gravel content, fossorial activity by vertebrates and 
invertebrates, sand associated plant species, site context with extensive acreage of open land 
and especially association with an area of long undisturbed RAFSS, and finally, general 
proximity to known DSF populations.   There is no available data documenting DSF on alluvial 
(as opposed to Aeolian) sands.  It is not impossible however, for DSF to use clean, well drained 
alluvial sands that occur in otherwise apparently highly suitable conditions.  Accordingly, this 
sandy area adjacent to the levee (due entirely to the question of DSF potential on alluvial sands) 
is rated as Low Quality habitat for the DSF.   
 
In general, the site has conditions Unsuitable to support a DSF population.  Considering the site 
conditions and ecological factors, the 100-meter wide strip of sandy soils adjacent to the 
western levee, represent conditions very marginal and of questionable suitable for DSF.  
Therefore, Mr. Osborne initiated a discussion of this matter with the USFWS.  According to the 
USFWS the site does not represent potential DSF habitat as no Delhi Sand occur onsite and as 
such protocol DSF surveys are not warranted for the Project site.  Based on these findings there 
is no potential risk of the take of DSF. 
 
Burrowing Owl Habitat Suitability Evaluation 
 
The burrowing owl is a small ground-dwelling owl with a round head and no ear tufts.  They 
have white eyebrows, yellow eyes, and long legs.  The owl is sandy colored on the head, back, 
and upperparts of the wings and white-to-cream with barring on the breast and belly and a 
prominent white chin stripe.  They have a rounded head, and yellow eyes with white eyebrows.  
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The young are brown on the head, back, and wings with a white belly and chest.  Burrowing 
owls are comparatively easy to see because they are often active in daylight, and are 
surprisingly bold and approachable.  The burrowing owl is a crepuscular hunter with a prey base 
including invertebrates and small vertebrates. They typically forage in short-grass, mowed, or 
overgrazed pasture, golf courses and airports.  Although they eat mostly insects and small 
mammals, they also may take reptiles, birds, and carrion.  Predators include prairie falcons, red-
tailed hawks, Swainson's hawks, ferruginous hawks, northern harriers, golden eagles, foxes, 
coyotes, and domestic dogs and cats.  They occur in grasslands, lowland scrub, agricultural 
lands, prairies, coastal dunes, desert floors, and some artificial, open areas as a year-long 
resident.  They may also use golf courses, cemeteries, road allowances within cities, airports, 
vacant lots in residential areas and university campuses, fairgrounds, abandoned buildings, and 
irrigation ditches.  The availability of numerous small mammal burrows is a major factor in 
determining whether an area will support burrowing owls (Coulombe 1971).  Burrowing owls 
rarely use areas unoccupied by colonies of burrowing mammals (Zarn 1974).   
 
Although a number of small mammal burrows occur in the Project area, no burrowing owl 
burrows were found onsite.  There was no evidence found indicating historical or recent use of 
the Project site by burrowing owl.  No burrowing owl individuals or sign of burrowing owl activity 
(burrows, pellets, feathers, castings, or white wash) were found in or adjacent to the Project 
area.  
 
Focused SBKR Trapping Surveys 
 
Overnight low temperatures ranged between 56°F and 62°F.  The skies were mostly clear to 
sunny and the air was calm during the trap session.  The soils are friable and conducive for 
small mammal burrow construction and maintenance throughout the Project site.  Both of the 
SAR portions of the project and proposed recharge area contain habitat that is considered 
marginal, but suitable for SBKR.  Throughout the survey site, there were various small mammal 
signs and several native rodent species were trapped.   Delzura kangaroo rats were captured 
on the fourth and fifth trap nights in the proposed off-channel basin recharge area.  LAPM were 
also captured on the fourth and fifth trap nights in the proposed recharge area.  The LAPM has 
an affinity for sandy soils characteristic of intermittent washes, but also sandy areas of Aeolian 
(windblown) origin such as dune formations.  No SBKR were captured during the 5-night 
focused trapping session. 
 
Of the recently, occupied locations in the San Bernardino and San Jacinto Valleys, only three 
sites (SAR and its tributaries, Cajon and Lytle creeks, and San Jacinto and Bautista creeks) 
support robust, sustaining populations of SBKR and large contiguous patches of occupied 
habitat.  SBKR are found primarily on well drained, sandy loam substrates, characteristic of 
alluvial fan and floodplains, where they are able to dig simple, shallow burrows.  They are 
primarily nocturnal animals, but they also exhibit crepuscular behavior around dusk and dawn. 
SBKR may be active any hour of the night, but the heaviest concentration of activity tends to 
occur in the 3 to 4-hour time span just after dusk.  They usually return permanently to their day 
burrows before dawn. 
 
The USFWS emergency listed the SBKR on January 27, 1998 and subsequently listed them as 
federally endangered later that same year on September 24, 1998 (63 FR 3837) under the 
Endangered Species Act of 1973 (63 FR 3877), as amended.  The USFWS also designated 
critical habitat units for the SBKR on April 23, 2002 (67 FR 19811).  On October 17, 2008, the 
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USFWS published the revised SBKR Critical habitat designation in the Federal Register, 
Vol. 73, No. 202. The units include reaches of the Santa Ana, Lytle and Cajon creeks, San 
Jacinto River and Bautista creek, and the Etiwanda alluvial fan (65 FR 77178).  No part of this 
project falls within designated critical habitat for SBKR. 
 
Records Search and Literature Review 
 
Offsite Review Area Habitat and General Wildlife 
 
The SAR downstream of the project site beginning at the Rialto Drain is dominated by flood 
plain riparian plant communities, with upland habitats primarily restricted to the perimeter of the 
channel. The hydrological conditions, particularly in Reach 3 of the SAR promote the 
establishment of riparian vegetation. A freshwater marsh habitat component is also present in 
scattered patches where standing water is seasonally abundant, especially in the Prado Basin 
upstream of the Prado Dam.  Due to a combination of the high groundwater table, storm flow 
accumulation held in low points of the SAR, sewage treatment plant effluent and irrigation 
runoff, a resultant perennial river flow exists downstream of the Rialto Drain that has created 
and sustains the extensive riverine/riparian habitat along the SAR. The riparian communities 
found in the offsite review area can be divided into active, border and outer zones.  The active 
zone is characterized by willow and cottonwood trees, subject to flood disturbances.  The border 
zone is just outside of the active stream channel and is characterized by large trees with a well-
developed understory.  The outer zone is where terraces form adjacent to the stream.  There is 
a higher scrub component found in the outer zone. 
 
Aerial photos from 2000 to 2002, 2004 and 2006 were examined to look at the changes over 
time in the riparian habitat community in the review area.  Reach 3 shows very little evidence of 
major changes in the riparian habitat since 2000.  The same applies in reach 4 between 
Riverside Avenue and the Mission Boulevard Bridge.  However, notable changes have occured 
in Reach 4 between La Cadena Avenue and Riverside Avenue  since 2004.  Up until 2004, well 
developed riparian habitat existed in this area, which has now diminished to the active zone 
where effluent waste water is discharged beginning at the Rialto Drain .   According to the 2003 
RIX Facility Recycled Water Sales Program Draft Environmental Impact Report (DEIR) 7,575 
acres of riparian habitat occurred between the RIX facility outfall, (downstream of the Rialto 
Drain) and Prado Dam.  Although there has been a reduction in riparian habitat between the 
RIX facility outlet and Riverside Avenue, the 7,575 acre figure is still assumed to be accurate 
taken the +/- error factor in the 2003 DEIR.     
 
Presently, the riparian woodlands in the SAR comprise the largest contiguous stand of this 
habitat in southern California.  The SAR supports a myriad of habitat types, including but not 
limited to cottonwood/willow riparian forest, riparian scrubland, herbaceous riparian, freshwater 
ponds, freshwater marsh, riverine, sandy wash, ruderal, coastal sage scrub, and RAFSS. 
 
The riparian habitat within the offsite review area is in various seral stages and generally 
consists of tall, multilayered, open, canopy riparian community. The dominant vegetative 
species within this riparian forest include: Eucalyptus, Freemont cottonwood (Populus fremontii), 
black cottonwood, (P. tremuloides) and several tree willows (Salix spp).  Characteristic species, 
in addition to the eucalyptus and cottonwood, include black willow (S. goodingii) narrow-leved 
willow (S. exigua), arroyo willow (S. lasiolepis), red willow (S. laevigata), sandbar willow (S. 
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hindsiana), mulefat (Baccharis salicifolia) Sycamore (Platanus recemosa) and elderberry 
(Sambucus mexicana).  
 
The riparian habitat in the SAR is noted for its very high bird species diversity and abundance. 
Neotropical migrants depend on the deciduous trees and shrubs for foraging during migration. 
The mature trees provide numerous cavities for cavity-dependent wildlife and the tall trees are 
used by nesting raptors. The emergent vegetation rooted at the water's edge provides escape 
cover, shade and food for fish.   The wildlife resources in the SAR are important due, in part, to 
their high diversity and the large numbers of certain obligate riparian species that occur there.  
 
A robust raptor population occurs within the offsite review area.  The raptors have a wealth of 
resources to draw on for foraging and nesting.  They use the tall trees for nesting, roosting and 
perching. There are records of eleven raptor species breeding successfully in the SAR, 
including the white-tailed kite, Cooper's hawk, golden eagle, western screech-owl, and long-
eared owl.   There are seven amphibian species known to occur in the surrounding areas 
(Glaser 1970, Robertson and Shipman 1974, and Zembal et al. 1985). The bullfrog and African-
clawed frog are two invasive, non-native species commonly observed in the SAR and its 
tributaries.  The western fence lizard is the most frequently encountered reptile within the SAR. 
The gopher snake is the snake most frequently observed in the SAR and is found in both 
uplands and in drier riparian habitats.  In terms of fisheries, sampling by Chadwick Ecological 
Consultants, Inc. (CEC) and others indicate that there are only two native fish species in 
Reaches 3 and 4 of the SAR, SASU (Catostomus santaanae) and the state-identified species of 
concern arroyo chub (Gila orcutti).  Besides these two native species, several introduced 
species are present in these two reaches. Near Riverside Avenue, the most current 
electrofishing data indicate that tilapia, mosquitofish, and fathead minnow were the only other 
species present (CEC and USGS unpublished data).  Six additional species have been 
documented, including green sunfish, largemouth bass, yellow and black bullhead, common 
carp, and sailfin molly (CEC and USGS unpublished data).   
 
Offsite Review Area Listed Species 
 
Although a large number of sensitive species occur in the SAR between the end of the project 
site downstream to Prado Basin, only three (3) listed species and their required habitat are 
addressed in detail in this assessment.  The SASU, LBVI and SWWF are listed species known 
to occur in the SAR between the Rialto Drain downstream to Prado Basin.   
 
The SASU is a sucker found only in a handful of rivers in southern California.  They are closely 
related to mountain suckers, and quite similar in appearance. They are dark grey above and 
silvery-white below; with a faint pattern of darker blotches and stripes on their sides. They have 
distinct notches where the upper and lower lips meet. The dorsal fins have 9 to 11 rays, while 
the pelvic fins have 8 to 10 rays. In contrast to the mountain sucker, the membrane between the 
rays of the tail fin is pigmented. Length has been recorded up to 25 cm, but less than 16 cm is 
more typical.  Also like mountain suckers, they feed on diatoms, other kinds of algae, and 
detritus, which they get by scraping surfaces such as rocks. They also eat the occasional insect 
larva, with larger fish observed to consume insects more frequently. These suckers live in 
smaller (under 7 m wide) permanent streams, with depths from a few cm to over a meter. The 
water must be cool, but the flow may be variable; they seem to prefer clear  water, but tolerate 
turbidity. They prefer gravel, rubble, and boulder substrates.  Their range is extremely restricted; 
they are native only to the Los Angeles, San Gabriel, Santa Ana, and Santa Clara River 
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systems in southern California. Populations have been lost from several parts of the rivers, so 
that they now only live in the upper portion of the Los Angeles and San Gabriel drainages, and 
the lower part of the Santa Ana River in Reaches 4-2, especially in areas with additional water 
effluent from sewage treatment plants. Critical habitat designations for this species were 
proposed and published January 4, 2005 (70 FR 426). 
 
SWWF 
 
The SWWF is a small passerine bird that has a grayish-green back and wings, whitish throat, a 
light gray-olive breast, and pale yellowish belly.  It has two visible white wing bars and a faint or 

-
(60 FR 10694) The southwestern willow flycatcher is currently one of the four recognized 
subspecies of the willow flycatcher.  This flycatcher is a neotropical migrant that breeds in the 
southwestern United States from mid-April to early-September.  In the fall, it migrates south to 
its wintering grounds in portions of South America, Central America and Mexico. (60 FR 10694) 
 
A rapid decrease in the numbers of southwestern willow flycatchers in California and other 
southwestern states prompted the USFWS to designate it as a Category 1 candidate species in 
1991.  One year later in 1992, the California Fish and Game Commission listed the species as 
endangered, under the California Endangered Species Act (CESA) of 1970.  On July 23, 1993 
the southwestern willow flycatcher was proposed for listing as endangered by the USFWS and 
was then listed as Federally endangered on February 27, 1995, under the Endangered Species 
Act (ESA) of 1973 (60 FR 10694).  The USFWS designated critical habitat for the species on 
July 22, 1997.  This habitat includes 18 units with a total of 599 miles of river in California, New 
Mexico, and Arizona.  In California, critical habitat was designated along portions of the Santa 
Ana River, San Luis Rey River, San Diego River, Santa Margarita River, Tijuana River, and 
south fork of the Kern River (62 FR 39129).  On May 11, 2001, the critical habitat designation 
from 1997 was struck down by the U.S. 10th Circuit Court of Appeals who required further 
economic analysis.  A recovery plan was finalized by USFWS in March of 2003.  Critical habitat 
designations for this species were re-proposed and finalized in June 2004 (USFWS 2003c). 
 
The SWWF breeds in dense riparian habitats along rivers, streams, and other wetlands.  They 
have been documented to establish territories in elevations ranging from sea level to 8,500 feet 
(Sogge 1997).  Plant species closely associated with the flycatcher include willows (Salix spp.), 
boxelder (Acer negungo), seepwillow (Baccharis spp.), with an overstory of cottonwood 
(Populus fremontii) (62 FR 39129).  Occupied habitat is generally dominated by shrubs and 
trees 13 to 23 feet or more in height, which provide dense lower and mid-story vegetation 
approximately 13 feet aboveground.  This dense vegetation is often interspersed with open 
water, small openings, or sparse vegetation, creating a mosaic that is not uniformly dense 
(62 FR 39129). 
 
LBVI 
 
The LBVI is a small, olive-gray migratory songbird that nests and forages almost exclusively in 

vireos as a group are highly territorial and are almost 
exclusively insectivorous.  LBVI nesting habitat typically consists of well developed overstory, 
understory, and low densities of aquatic and herbaceous cover.  The understory frequently 
contains dense sub-shrub or shrub thickets.  These thickets are often dominated by plants such 
as narrow-leaf willow, mulefat, young individuals of other willow species such as arroyo willow 
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or black willow, and one or more herbaceous species.  LBVI generally begin to arrive from their 
wintering range in southern Baja California and establish breeding territories by mid -March to 
late-March.  A large majority of breeding vireos apparently depart their breeding grounds by the 
third week of September and only a very few have been found wintering in the United States. 
 
The explanations for the drastic decline of this species are various; however the two prevailing 
factors are habitat loss and brown-headed cowbird brood parasitism (Kus 1998; Sogge et al. 
1997).  This small passerine species constructs open cup nests low in the riparian canopy, 
which may cause them be more vulnerable to brood parasitism compared to larger passerines 
that nest higher in the canopy.  The loss of and degradation of riparian habitats have both 
occurred due to urban and agricultural development, fire, water diversion and impoundment, 
channelization, livestock grazing, off-road vehicle use and recreation, replacement of native 
habitats by introduced plant species, and hydrological changes resulting from these and other 
land uses.  LBVI was first proposed for listing as endangered by the USFWS on May 3, 1985, 
(50 FR 18968) and was subsequently listed as federally endangered on May 2, 1986 (60 FR 
10694).  Critical habitat units were designated by the USFWS on February 2, 1994 (59 FR 
4845) and included reaches of ten streams in six counties in southern California and the 
surrounding approximately 38,000 acres.  The critical habitat units exist in the Santa Ynez 
River, Santa Clara River, Santa Ana River,  Santa Margarita River, San Luis Rey River, 
Sweetwater River, San Diego River, Tijuana River, Coyote Creek, and Jumul-Dulzura Creek. 
 
Although LBVI use a variety of riparian plant species for nesting, it appears that the structure of 
the vegetation is more important than other factors such as species composition or the age of 
the stand.  LBVI begin to arrive at their breeding grounds in southern California riparian areas 
from mid-March to early April.  Upon arrival, males establish breeding territories that range in 
size from 0.5 to 7.4 acres, with an average size of approximately 2 acres.  After pair formation, 
vireos construct a hanging cup nest made up of dried plant material.  Nests are usually placed 
in forks of branches between 2 and 5 feet from the ground.  Females lay two to five eggs with 
both parents incubating the clutch for approximately 14 days and the young fledging after 10 to 
12 days.  The fledglings will remain in the parental territory for up to a month.  LBVI leave the 
breeding grounds and migrate south mid to late September.     
 
Critical Habitat 
 
Critical Habitat is designated by USFWS for some threatened and endangered species.  The in-
channel portion of the project, where the rubber dam and levee improvements are proposed, is 
mapped within SWWF critical habitat.  In 1995 critical habitat was designated for the SWWF.  
This designation was vacated and revised on October 19, 2005 (70 FR 60885 61009). 
 
The review area downstream of the project area is located within designated critical habitat 
(59 FR 4845; February 2, 1994) for the state and federally listed as endangered LBVI 
(Figure 11).   
 
No portion of the offsite downstream review area is located within designated critical habitat for 
SASU or SBKR (Final Rule. 72 FR 33808).  Critical Habitat for the SASU Final Rule was 
published January 4, 2005 (70 FR 426). This rule has been in litigation since and no SASU 
critical habitat is designated at this time.   
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VII. PROJECT IMPACTS 
 
Onsite Impacts 
 
The project area occupies areas within the active SAR channel (on-channel alternatives) and an 
area immediately west of the SAR channel (off-channel location).  The Reche Canyon drainage 
enters the SAR south of the proposed on-channel recharge basin locations and the confluence 
of Warm Creek and the SAR is located at the northern end of the project area.  The project, will 
directly impact an area of ~45 acres in size, resulting in the loss of habitat within the new 
facilities footprint of the rubber dam, levees improvements, and recharge areas. 
 
Staging and construction areas will result in approximately five acres of temporary disturbance, 
to very degraded disturbed non-native grassland habitat.  The out of stream recharge basins will 
result in 20.5 acres of permanent disturbance.  Operational procedures for the basins will 
include regular maintenance to remove silt layers accumulating on surface of the recharge 
basins.  The requirement to maintain the percolation capabilities through periodic soil ripping 
deem these impacts permanent.  The existing low quality RAFSS habitat will be converted into 
maintained recharge basins devoid of vegetation most of the year.  These basins will not 
provide habitat value.   
 
The result is the loss of low quality RAFSS habitat that is intermixed with non-native grasslands.  
Regardless of the low quality of the RAFSS habitat, several species of concern were found in 
the area of the out of stream recharge basins. These species include the Santa Ana River 
woollystar, LAPM, southern grasshopper mouse, northwestern San Diego pocket mouse, San 
Diego black-tailed jackrabbit, horned lizard: potentially Coast (San Diego) horned lizard. At this 
time there is no specific state or federal requirement for obtaining an incidental take permit for 

 (with the exception of the woollystar).  Construction and 
long-term maintenance of the basins will likely result in the loss of individual animals of these 
species. The project area consists of degraded, low quality RAFFS habitat that supports a 
limited number of individuals of these species and constitutes a tiny portion of each of these 
species ranges.  Therefore, the loss of individuals is not considered significant in the context of 
their overall populations on a local or regional scale.  
 
The portion of the Project in the SAR includes levee repairs, construction, rubber dam 
installation and recharge behind the dam.  The operation of the rubber dam will allow for 
25 acres of potential recharge capabilities within the stream channel, upstream of the dam.  This 
is considered a periodic, temporary impact. Construction of the rubber dam and related 
appurtenances will result in 14.5 acres of permanent disturbance.   As a result, existing riparian 
habitat and its  habitat value will be lost.  This area supports sparse stands of riparian/wetland 
habitat that is used for nesting, forage and cover by a number of birds and local fauna such as 
killdeer, black-necked stilt, and spotted sandpiper.  
 
As stated previously in Section II, perennial flow occurs downstream of the project site, where 
the major sources of surface flows in the river are discharges from wastewater treatment plants. 
The portion of the project site in the SAR is located in an ephemeral section of the upper Santa 
Ana River.  Since this area is dry part of the year, it does not provide suitable habitat conditions 
for SASU.  The only locations where SASU have been documented in San Bernardino County 
are within the Rialto Drain and downstream in the SAR near the RIX facility discharge outlet. 
Critical Habitat for the SASU Final Rule was published January 4, 2005 (70 FR 426). In San 
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Bernardino County, this rule excluded all occupied portions of the SAR (Rialto Drain and 
downstream of the RIX facility) and included unoccupied, upper reaches of the SAR and 
tributaries.  As a result, this rule has been in litigation since and no SASU critical habitat is 
designated at this time. Since the project area does not support perennial flow or pooled habitat, 
SASU would not establish in this area.  SASU do not occur upstream of the Rialto Drain in part 
because the river is dry part of the year and because there are a number of barriers to 
movement upstream by the SASU, such as the concrete dissipaters located at the I-10 freeway.  
The onsite aspects of the project will not impact SASU.   
 
Offsite Downstream Impacts 
 
The following discussion addresses concerns related to potential impacts upon riparian, 
fisheries, and other wildlife resources in the SAR downstream of the project site to Prado Dam 
as they relate to the project reduction in surface water flow levels.  Implementation of this 
project has a potential to indirectly affect downstream riparian and aquatic resources.  The 
potential comes from hydrologic changes through periodic water diversions from the SAR into 
recharge basins.  Changes in hydrology could affect habitat, by changing the water surface 
elevation, resulting in habitat loss or degradation.  The available data however, indicate that the 
riparian habitat downstream of the project site will not suffer from the proposed reduction in 
surface flows, and as such the riparian habitat dependent species should not be adversely 
impacted by the proposed project.  Based on the best data available at this time, the flows that 
will be maintained in the channel will continue to be sufficient to sustain all aquatic populations 
downstream of the rubber dam and recharge basins. 
 
The data indicate that the Project will result in periodic reductions in surface flow in the SAR.  
The overall amount that the flows will be reduced is minimal in that the flows downstream of the 
Rialto Channel to the Prado Dam will remain virtually unchanged because they result from 
continuous discharges of treated wastewater. Effluent discharges from the RIX facility and the 
Rialto wastewater treatment plant provide the constant flow, which is also supplemented by 
rising groundwater, additional wastewater treatment plant discharges and surface runoff 
between the RIX discharge location to Prado Basin. Since water treatment facilities contribute 
the majority of surface flows in the SAR beginning at the Rialto Drain, this Project will not result 
in a reduction of flows that would cause a water deficiency for fishery and habitat resources 
downstream of the project site. Continuous flows are currently, and will continue to be, 
discharged into the SAR from these facilities.  Storm flows and natural runoff provide the basic 
sources of surface flow in the SAR, however, the discharged wastewater flows augment the 
amount of water required by the biological resources dependant on water in the SAR, 
particularly in summer and early fall.   
 
There are t
11059300, is the upstream reference point; MWD Crossing (at the Riverside Narrows), Station 
No. 11066460, is downstream of the Rialto drain (containing Rialto WRP flows as well as 
runoff); and Below Prado Dam, Station No. 11074000, is further downstream. The effluent flows 
from the RIX Rialto, Colton, SBWRP and Riverside facilities are provided in Table 3.  According 
to the Thirty-seventh Annual report of the Santa Ana River Watermaster for water year October 
1, 2006 - September 30, 2007 total effluent discharges below E street, above the Riverside 
Narrows to Prado Dam were 51,668 + 103,672 = 155,430 acre feet (see Table 2 for complete 
data set).  Baseflows at Prado Dam in 2006-2007 were 129,830 acre feet with 4.1 inches of 
rainfall (see Table 3 for complete data set) 
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 Generally, the effluent discharges should comprise less of the total flows in the river during the 
wet season (November through April)  than over the dry season (May-October). Downstream of 
the Narrows, City of Riverside, City of Corona and Inland Empire Utilities Agency (IEUA) 
discharges are deemed sufficient to support the riparian habitat.  For example, City of Riverside 
discharges are equivalent to about 26 MGD (40 cubic feet per second, cfs), or about 79 acre-
feet per day.  Annual discharges are approximately 28,835 acre-feet.  City of Corona discharges 
are estimated to be 10 MGD or 11,202 acre-feet annually.  IEUA discharges are presently about 
40,000 acre feet annually, and recent evaluation of the 50 year planning horizon by IEUA 
identifies a future minimum flow of about 17,000 acre-
optimistic use of recycled water is fulfilled.  Thus, the riparian habitat downstream of the 
Riverside Narrows will be supplied with sufficient flows, particularly summer flows, from these 
treatment facilities. 
 
There is approximately 7,575 acres of riparian habitat in the offsite review area. The 
determination of water consumption by riparian habitat along the SAR relies upon a detailed 
study of Mojave River (USGS 1996

study calculated the average annual water use of riparian vegetation with a 71-100% in the 
Mojave River to be 4.1 acre-feet. Based in this average consumptive value, 7,575 acres of 
riparian habitat will consume an estimated 31,057.5 acre-feet of water per year (assuming a 
maximum of 4.1 acre-feet of water consumption per year).   
 
Even with the project in place, the biological resources located downstream will continue to 
receive an adequate water supply from the wastewater treatment facilities.  Assuming that up to 
11,000 acre-feet of surface water is diverted for infiltration, the total residual flow downstream to 
Prado Dam (Reaches 3 and 4 of the Santa Ana River) would be over 135,000 acre-feet per 
year.  Given the 2006-2007 flow data presented above, more than sufficient water is available to 
support 7,575 acres of riparian habitat. 
 
A number of sensitive species rely on the riparian and water resources in the SAR downstream 
of the project site.  Three listed species, the SUSU, and LBVI, SWWFL are known to occur in 
several locations in the riparian habitat located downstream of La Cadena Avenue to Prado 
Dam.  Riverside Avenue delineates the San Bernardino and Riverside County line across the 
SAR.  In San Bernardino County, SASU occurs in the SAR downstream of the confluence of 
Rialto Channel and the RIX facility discharge outlet.  Between 1998 and 2003, successful 
breeding pairs of LBVI and SWWF were documented in the SAR in San Bernardino County 
between La Cadena Avenue and Riverside Avenue. In Riverside County SASU, LBVI and 
SWWF have been found scattered throughout the SAR and concentrated in Prado Basin.  Any 
indirect impacts to the riparian and aquatic habitats in the offsite review area could potential ly 
impact these listed species.  However, as discussed above, the post-project flows will remain 
sufficient to sustain the existing riparian habitat.  Under this assumption, there will be no direct 
or indirect impacts to LBVI or SWWF.   
 
The most recent data and observations from the SAR and elsewhere suggest that the SASU 
can maintain healthy populations within a fairly narrow range of depth and flow conditions.  To 
the best of our knowledge and based on the known life-history attributes of the sucker, the 
proposed changes to the flow regime, upstream of the various waste water discharge locations, 
are not considered sufficient to cause harm to the sucker populations.  
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Spawning Habitat Needs Based on the most recent observational data of sucker reproduction 
in Rialto Drain and Sunnyslope Creek, it appears that reproduction was occurring over gravel in 
approximately 0.5 m of water with velocities of 0.2 to 0.3 m/sec (Haglund et al., 2003).  
Spawning suckers were also observed using deeper pool areas for cover during spawning.  This 
is consistent with past observations of the sucker in other streams (i.e., Greenfield et al., 1970). 
 
Immature Sucker Habitat Needs Fry appear in shallow (0.5 to 0.1 m), slow velocity habitats 
with sand or silt substrate, which may or may not be associated with vegetation or algae 
(Haglund et al., 2003).  Juvenile fish have also been observed in shallower, low velocity areas. 
 
Adult Habitat Needs Habitat requirements for adult fish are still not well described, but have 
generally been associated with gravel and cobble substrate in depths often over a meter 
(Haglund et al., 2003). 
 
The overall habitat availability is dynamic in this river system and can change substantially 
between years, and even within a single year.  The SAR is subject to very high winter flows, 

(or run) locations can change, as well as gravel/cobble and sand areas.  Seasonal effects of 
herbaceous plant growth along channel margins and their roles in seasonal island development 
also play a role in habitat availability.  All are likely important to the sucker-run habitat needed 
for feeding and spawning; pool habitat for cover; and gravel/cobble bottom for spawning.  
 
Spawning in the SAR basin has been described as occurring in mid-March through late April 
(Haglund et al., 2003).  As a species throughout its range, the sucker has demonstrated some 
degree of plasticity in timing of reproduction. This is a mechanism to avoid catastrophic 
reproductive failure due to severe flooding.  But, it should not be used to define the spawning 
period of the sucker specific to the SAR, which has been described in a much narrower 6-week 
period in the spring. 
 
Limiting factors for the SASU are hydrology and sediment.  One of the key issues identified in 
the 2004 rules of the USFWS to designate critical habitat for the SASU was sediment load and 
sediment transport.  According to the sediment transport analysis prepared by EIP Associates in 
their evaluation of the final rule to designate critical habitat for the SASU, the primary sediment 
sources for Reaches 3 and 4 of the SAR originate from Mill Creek, Plunge Creek, City Creek 
Lytle /Cajon Creek and Reche Canyon Channel (April 26, 2004 Comments to USFWS 
submitted by SBVMWD, Western Municipal Water District of Riverside County, San Bernardino 
County Flood Control District).  As sediments travel down the SAR, much of the sediment load 
falls out at the I-10 freeway overcrossing.  The Corps installed dissipation structures to protect 
the I-10 freeway overcrossing of the SAR.  As designed, the dissipaters slow the surface flow 
velocities down.  The results are sediment deposition at the dissipaters and downstream 
channel bed degradation.   
 
In 2004, EIP Associates evaluated the Final Rule to designate critical Habitat for the SASU.  In 
this evaluation EIP showed that the channel degradation in a 10-mile stretch downstream of the 
dissipaters currently averages 0.6 inches of degradation per year. The EIP evaluation also 
showed that even with the 40% reduction in sediment load caused by the Seven Oaks Dam, the 
remaining sediment sources are substantial
substantial sediment sources exist in the tributaries identified above and that transport of those 
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sediments into occupied SASU habitat in the SAR is more than sufficient to sustain their 
populations.   
 
Sediment sources for the SAR that originate from the tributaries downstream of the proposed 
rubber dam will be uninterrupted by this project .  However, sediment transported from the 
tributaries upstream of the rubber dam will be contained temporarily behind the dam when it is 
erected, until the dam is lowered.  Since the dam will be raised and lowed periodically, sediment 
transport will continue.   
 
VIII. RECOMMENDATIONS 
 
Botanical 
 
In the northern edge of the proposed recharge area the project will directly impact SAR 
woollystar and construction may indirectly impact the nearby, adjacent population by increasing 
dust (i.e., negatively impacts pollinator activity) or increasing seed pool of alien species.  Indirect 
impacts can be mitigated by implementin
including dust control measures and washing of equipment before it reaches the site.  Direct 
loss of individuals will need to be addressed with the USFWS.  All individuals should be flagged 
and avoided if possible.  If avoidance is not possible then a salvage plan shall be carried out, if 
permitted by the USFWS. The salvage plan will provide guidance to relocate and/or trans-locate 
individual woollystar that cannot be avoided by construction activities.  An appropriate site with 
suitable habitat for woollystar will be identified to replant the salvaged plants.  In addition to 
salvage, propagation may also be implemented.  The purchase of offsite mitigation credits is 
proposed to offset the loss of woollystar individuals and their habitat.  Any purchase of offsite 
mitigation credits should be in a ½ :1 ratio for the loss of degraded RAFSS habitat and the 
resources it supports.  
 
DSF  
 
In general, the site has conditions Unsuitable to support a DSF population.  Considering the site 
conditions and ecological factors, the 100-meter wide strip of sandy soils adjacent to the 
western levee, represent conditions very marginally and questionable suitable for DSF.  
Therefore, Mr. Osborne initiated a discussion of this matter with the USFWS.  According to the 
USFWS the site does not represent potential DSF habitat as no Delhi Sand occur onsite and as 
such protocol DSF surveys are not warranted for the Project site.  Based on these findings there 
is no potential risk of the take of DSF.  Furthermore, the project has no potential to directly or 
indirectly impact the DSF because there is no DSF supporting habitat downstream of the project 
site within Santa Ana River channel. No further action is recommended. 
 
Burrowing Owl 
 
The burrowing owl is a state Species of Special Concern.  The burrowing owl is  typically found 
in grassland, scrubland and desert habitats with numerous small mammal burrows (Coulombe 
1971).  Burrowing owls nest and roost in modified, expanded burrows originally created by 
fossorial animals including ground squirrels, desert tortoise, and badgers.  They are also known 
to make use of human-created structures such as cement culverts and pipes for burrows.  The 
survey results show that burrowing owls do not currently occupy the Project site and there is no 
current potential risk of the take of burrowing owls.   
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However, although no burrowing owls were found during the surveys and they are not likely to 
occur on site, the out of channel portion of the project contains suitable habitat for burrowing 
owl.  As, such a preconstruction survey will be required to ensure that burrowing owl have not 
migrated onto the site.  CDFG requires that the preconstruction survey be conducted within 30 
days of the start of any land disturbance activities.  Therefore, a qualified biologist should survey 
the site to determine if burrowing owls are present and nesting in the construction area.  If 
burrowing owl are encountered and determined to be nesting, land disturbance activities shall 
not commence until the biologist has implemented the required measures according to the 
CDFG to clear the site for construction.  One such measure may be to passively relocate the 
owls once the young have fledged the nest.  This type of relocation requires the construction of 
artificial burrows in the near vicinity and collapsing of the old burrows once the owls have clearly 
flushed out of the site. 
 
If burrowing owls are encountered during construction, construction activities shall be halted in 
the vicinity of the find and the biologist/monitor called to the site.  The contractor shall implement 
the recommendations of the biologist/monitor. 
 
Nesting Birds 
 
The project will impact riparian and wetland resources in the SAR portion of the project.  A 
number of resident and migratory bird species were observed utilizing the riparian habitat in the 
project area including black-neck stilts and common yellow throat.  The State of California 
prohibits the take of active bird nests.  To avoid an illegal take of active bird nests, any grubbing, 
brushing or tree removal will be conducted outside of the State identified nesting season 
(nesting season is February 15 through September 1).  Alternatively, the site will be evaluated 
by a qualified biologist prior to initiation of ground disturbance to determine the presence or 
absence of nesting birds.  If an active nest is located in the project construction area it will be 
flagged and a 300 foot buffer placed around it.  No activity will occur within the 300 foot buffer 
until the young have fledged the nest.  
 
SBKR 
 
The trapping results show that SBKR do not currently occur within the project footprint or action 
area and will not be adversely affected by construction or operation of the proposed Project.  
Based on the survey findings there is no potential risk of the take of SBKR.  The potential for 
adverse impact to the San Bernardino kangaroo rat (SBKR) is very low because little 
disturbance will occur in habitat suitable for this animal.  Focused surveys showed that SBKR 
do not occupy the project site and there are no known locations of SBKR downstream of the 
Project.   Although no SBKR were found, a number of small mammal species considered 
Species of Special Concern, such as LAPM, were located in the Project site.  To minimize the 
impacts to these Species of Special Concern, the following recommendations should be 
implemented. 
 
Following the pre-construction survey, a qualified biologist will make a determination: (1) if a 
biological monitor should be present at the site during all land disturbance activities; (2) if 
exclusionary fencing needs to be installed around the perimeter of the construction work zone; 
or (3) if no further action is required.  The biologist/monitor should remain on-call during 
construction activities.  If by chance a SBKR is encountered during construction following the 
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initial phases of ground disturbance, construction activities shall be halted in the vicinity of the 
find and the biologist/monitor called to the site.  The contractor shall implement the recommen-
dations of the biologist/monitor who will coordinate with the USFWS. 
 
Habitat 

 
All personnel associated with the construction on the site shall attend a worker education class.  
This class should include general information regarding all sensitive species and their habitat 
known to occur in the near vicinity of the project.  Particular attention should be made to the 
various flora and fauna, habitat types onsite, and regulations.  The class should provide relevant 
information regarding the Federal and State laws and worker responsibilities when working in 
RAFFS and Riparian habitat. 
 
All project activities will be limited to a well-defined area.  Prior to grading and construction 
activities the limits of disturbance will be clearly marked with flagging, stakes, or fencing.  
Impacts to any jurisdictional waters will require permits from the regulatory agencies.  For 
permanent impacts to jurisdictional waters the project proponent may purchase in lieu fee 
credits in a 1:1 ratio from a bank approved by the Army Corps of Engineers (ACOE), CDFG, 
and Regional Water Quality Control Board (RWQCB).  Temporary impacts to jurisdictional 
waters will be mitigated in a 1:1 ratio through onsite habitat restoration.  The exact details of this 
restoration will be outlined in the Habitat Mitigation and Monitoring Program document as 
required by the ACOE, RWQCB, and CDFG and will be negotiated at the time of permitting. 
 
A qualified biologist should implement the habitat restoration during suitable weather conditions 
within the first year after impacts occur.  A 5-year monitoring and maintenance plan should be 
developed as part of the habitat restoration plan to insure that the restoration area is self-
sustaining.   
 
The project will result in the discharge of fill material into waters that technically meet the 
parameters for waters of the United States.  Therefore, a permit from the Corps and RWQCB is 
required.  Further, this project will also require a CDFG streambed alteration agreement.  CDFG 
regulates all activities that alter streams and lakes and their associated habitat.  A CDFG 1602 
Agreement is required for all activities resulting in impacts to streambeds and their associated 
riparian/wetland habitats. 
 
Wildlife 
 
Figure 6-3a: Critical Habitat / Sensitive Species - Valley Region from the Conservation Element 

 the project area is 
within a "Wildlife Linkage Corridor" along the SAR.  It should be noted that the SAR is one of the 
few remaining biological corridors through the highly urbanized San Bernardino Valley and the 
greater southern California area that provides connectivity between remnant habitats within the 
greater urbanized area and large protected habitat areas located outside of the urbanized area.  
Under predicted climate change, biological corridors that provide connectivity between different 
types of habitat are likely going to become increasingly important in allowing the exchange of 
adaptive alleles to spread as well as allowing species to migrate to new areas of appropriate 
habitat. 
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The project should take care to not interrupt the integrity of connectivity for wildlife movement. 
Potential indirect adverse impacts to adjacent natural areas and organisms include a variety of 
factors resulting from increased disturbance due to visitation by humans: for example, loss of 
efficiency in foraging and other activities due to distraction and interference, increased invasion 
by non-native plants and animals due to human transport, and increased risk of fire. For the 
proposed project, such indirect effects are essentially limited to the construction period.   
Measures should be implemented to protect the natural integrity of the drainage.  One such 
measure could be barrier fencing to prevent further intrusion and degradation in this area of the 
SAR.  Following construction the site should be restored to its pre-project conditions through the 
implementation of a Habitat Mitigation Monitoring and Reporting Program.   
 
Critical Habitat  
 
In addition to onsite restoration and enhancement the project should mitigate for its impacts by 
purchasing mitigation credits from a bank dedicated to the protection and enhancement of the 
SAR watershed. Any purchase of offsite mit igation credits should be in a 3:1 ratio for the loss of 
riparian/wetland habitat designated as SWWF critical habitat and in ½ :1 ratio for the loss of 
highly degraded RAFSS habitat.  
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Table 1.  DESIGNATED BENEFICIAL USES FOR SURFACE WATERS  
IN REACHES 3 AND 4 OF THE SANTA ANA RIVER 

 

Beneficial Use 
Reach 3 

Mission Blvd. to 
Prado Dam 

Reach 4 
San Jacinto Fault to 

Mission Blvd. 
Municipal Water Supply + + 
Agricultural Water Supply X  
Groundwater Recharge X X 
Recreational 1 (Swimming)     X **    X ** 
Recreational 2 (Boating) X X 
Warm Water Aquatic Habitat X X 
Wildlife Habitat X X 
Rare Species Habitat X  
Spawning Habitat X X 

 
Notes: ** Access for recreational use is prohibited in some portions by San Bernardino County Flood Control. 
 + These reaches have been specifically excepted from the municipal water supply designation. 
 
Source:   Basin Plan, 1995, updated 2008 



Riverside Groundwater Aquifer  BIOLOGICAL RESOURCES AND 
Storage and Recovery Project  HABITAT ASSESSMENT REPORT 
 
 

 
RBF-135/Bio  TOM DODSON & ASSOCIATES 

Table 2.  SUMMARY OF FLOW FINDINGS AT PRADO 

 
Source:   Thirty seventh Annual report of the Santa Ana River Watermaster for water year October 1, 2006 - 
September 30, 2007.
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Table 3.  MUNICIPAL WASTEWATER EFFLUENT DISCHARGED ABOVE PRADO (Acre-feet) 
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FIGURE 1.  PROJECT SITE VICINITY LOCATION 
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FIGURE 2.  PROJECT IMPACT AREA 
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FIGURE 3.  PROJECT SITE STUDY AREA 
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FIGURE 4.  REACHES OF THE SAR 
 

 
 

Source: Water Quality Control Plan, Santa Ana Region, RWQCB, 1995, updated 2008 
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FIGURE 5.  OFFSITE REVIEW AREA 
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FIGURE 6.  2005 FINAL CRITICAL HABITAT FOR THE SWWF SANTA ANA MANAGEMENT UNIT 
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FIGURE 7.  DESIGNATED SWWF CRITICAL HABITAT WITHIN THE PROJECT AREA 
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FIGURE 8.  CURRENT HABITAT CONDITIONS WITHIN SWWF CRITICAL HABITAT ONSITE AND OFFSITE 
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FIGURE 9.  PROJECT SITE HABITAT MAP 
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 FIGURE 10a.  ONSITE BIOLOGICAL RESOURCES IN SAR 

 
 

 FIGURE 10b. ONSITE BIOLOGICAL RESOURCES IN RECHARGE AREA 
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FIGURE 11.  LBVI CRITICAL HABITAT WITHIN OFFSITE REVIEW AREA 
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Photo 1.  Standing on north edge of proposed recharge 
basins looking north at SAR woollystar 

 
 
 

 
 

Photo 2.  RAFSS habitat within proposed basin recharge area 
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Photo 3.  Standing south of proposed rubber dam looking west in the SAR 
 
 
 

 
 

Photo 4.  Standing on west levee at levee improvement area,  
looking south along the SAR 
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Photo 5.  Looking south downstream of proposed rubber dam 
 
 
 

 
 

Photo 6.  Looking at Riverine/riparian/wetland habitat resources 
 in the project area near the proposed rubber dam in the SAR 
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Photo 7.  Looking at degraded RAFSS habitat within 
the proposed recharge basin area 
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Asterisk denotes non-native species, dagger denotes special status species. 
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X. CERTIFICATION 
 
CERTIFICATION:  
exhibits present the data and information required for this biological evaluation, and that the 
facts, statements, and information presented are true and correct to the best of my knowledge 
and belief.  Fieldwork conducted for this assessment was performed by me or under my direct 
supervision.  I certify that I have not signed a non-disclosure or consultant confidentiality 
agreement with the project appli

 
 
 Botanical fieldwork was performed by C.J. Fotheringham 
 DSF Habitat Suitability Evaluation was performed by Ken Osborne 
 SBKR Habitat Suitability Evaluation was performed by Philippe Vergne and Shay Lawrey 
 SBKR trap site location set up was performed by Philippe Vergne and Shay Lawrey 
 Focused trapping survey was performed by Shay Lawrey 
 Burrowing owl survey performed by Shay Lawrey 
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 CERTIFICATION 
 
CERTIFICATION:  herein and in the attached 
exhibits present the data and information required for this biological evaluation, and that the 
facts, statements, and information presented are true and correct to the best of my knowledge 
and belief.  Fieldwork conducted for this assessment was performed by me or under my direct 
supervision.  I certify that I have not signed a non-disclosure or consultant confidentiality 

epresentative and that I have no financial 
  

 
 SBKR Habitat Suitability Evaluation was performed by Phileppe Vergne and Shay Lawrey 
 SBKR trap site location set up was performed by Phileppe Vergne and Shay Lawrey 
 Focused trapping survey was performed by Shay Lawrey 

 

    
Report Author:         
        Shay Lawrey 
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 EXECUTIVE SUMMARY 
 
On behalf of RBF Consulting, Tom Dodson & Associates (TDA) has prepared this report to relay 
the findings of a focused San Bernardino kangaroo rat (SBKR) (Dipodomys merriami parvus) 
survey conducted for the Riverside Groundwater Aquifer Storage and Recovery System Project 
(Project).  The Project site is generally located in the southern portion of the City of Colton and 
north of the City of Grand Terrace, south of the Interstate 10 (I-10) Freeway and East M Street, 
west of the Interstate 215 (I-215) Freeway and Santa Ana River (SAR), and east of the Union 
Pacific Railroad right-of-way.  Roadways providing vehicular access to the Project site include 
East Congress Street and South Fogg Street. The study area for the Project can be found on 
the San Bernardino South, California U.S. Geological Survey (USGS) 7.5 Minute Series 
topographical map, in Section 28 of Township 1 South, Range 4 West (figure 1 and 3). 
 
The California Natural Diversity Data Base (CNDDB 2009) and literature references were 
examined to obtain information on species occurrences in the project vicinity.  Back ground 
information was gathered prior to visiting this site in order to determine which species would be 
expected to occur 
Natural Diversity Database (CNDDB) and a review of data gathered from various biological 
surveys previously conducted in the vicinity of the project site.  According to the CNDDB, 44 
sensitive species have been recorded in the San Bernardino South Quadrangle.  Of the 44 
species listed in the CNDDB, 11 species have a potential to occur onsite.  The suitability of the 
habitat onsite for the species listed in the CNDDB was evaluated in the field and is discussed in 
detail in CNDDB Species Occurrence Potential table provided in Appendix A.  
 
The majority of the site is underlain by alluvial Tujunga-Soboba gravely sands and all of the 
soils on site are alluvial in origin.  Habitat communities occurring onsite consist of Riversidean 
Alluvial Fan Sage Scrub (RAFSS), ruderal vegetation, non-native grasslands and a mosaic of 
riparian communities including southern willow scrub, mule fat scrub, sandy river wash, and 
stream habitat. The habitat conditions on site are disturbed and degraded.  Disturbances 
include dirt access roads, power lines and trash dumping. 
 
Permitted biologists to trap and handle SBKR, Philippe Vergne and Shay Lawrey, conducted a 
habitat assessment of the Project site on May 26, 2009 and found the study area contained 
marginally suitable habitat for SBKR.  They laid out 150 traps within four trap lines in the most 
appropriate habitat in the Project area.  The focused trapping surveys were conducted from May 
26 to May 31, 2009.  No SBKR were captured during the trapping effort.   
 
Species of note found during the course of the surveys include Santa Ana River woollystar 
(Eriastrum densifolium ssp. sanctorum), Los Angeles pocket mouse (LAPM) (Perognathus 
longimembris brevinasus), southern grasshopper mouse (Onychomys torridus ramona), 
northwestern San Diego pocket mouse (Chaetodipus fallax fallax), San Diego black-tailed 
jackrabbit (Lepus californicus bennettii), horned lizard: potentially Coast (San Diego) horned 
lizard (Phrynosom coronatum (blainvillei)), nesting killdeer (Charadrius vocilerus), black-necked 
stilt (Himmilopus muicana), and spotted sandpiper (Actitis macularia). 
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 PROJECT AND PROPERTY DESCRIPTION 
 
Location 
 
The proposed Project is located in the southern portion of the City of Colton and north of the 
City of Grand Terrace.  The Project site is located south of the I-10 Freeway and East M Street, 
west of the I-215 Freeway and SAR, and east of the Union Pacific Railroad right-of-way.  The 
Project abuts the SAR as it trends south and bends westward.  The Project site is currently 
surrounded by undeveloped properties to the north and west and the Cooley Ranch Planned 
Development to the east (on the east side of the SAR).  Roadways providing vehicular access 
to the Project site include East Congress and South Fogg streets.  Currently, the Project site 
consists of vacant land with several dirt roads crossing the Project site and several water wells 
owned and operated by the City of Riverside Public Utilities Department.  In addition, a 
Southern California Edison Substation is located to the northeast of the Project area. Electrical 
transmission tower easements associated with this facility traverse the Project area and 
surrounding properties in a north-south direction.  Please refer to Figures 1 -3. 
 
Project Description 
 
The City of San Bernardino, Orange County Water District (OCWD), San Bernardino Valley 
Municipal Water District (SBVMWD), and Western Municipal Water District (WMWD) conducted 
a study to develop conjunctive use alternatives for integrating the management of imported 
water, recycled water, and stormwater for water users that have access to groundwater in the  
Riverside and Colton groundwater basins.  As a result of the study and current environmental 
and economic factors, the City of Riverside (City) and its project partners have developed the 
Riverside Groundwater Aquifer Storage and Recovery System Project (Project), which is 
designed to recharge the groundwater aquifers of the Riverside and Colton groundwater basins, 
by capturing stream runoff from the SAR.  
 

 intended purpose includes improvement of the groundwater quality in the 
Riverside and Colton water basins, reduced dependence on imported water through increased 
storage, and the creation of additional groundwater recharge basins along the SAR within the 
Project area (Figure 3).  

Environmental Setting  

The Project site is essentially flat with a slope to the southwest at about a 1.5-percent slope.  
The sediments under lying the site are alluvial sand and gravel deposited by historic flows of the 
SAR, Warm Creek, and Lytle Creek.  The elevation at the site is approximately 930 feet above 
mean sea level and groundwater in the site vicinity is located approximately 46 feet below the 
ground surface, based on records from a well located approximately 800 feet east of the site. 
 
The local climate is characterized by hot summers, mild winters and rainfall, which occurs 
almost entirely in the winter and early spring months.  The average annual rainfall is about 16 
inches.  The climate is somewhat affected by the moderating effects of the Pacific Ocean.  
Average temperatures range from a minimum of 39 Fahrenheit) in January to an 
average of 91  in July.   
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The proposed water impoundment area encompasses approximately 41.5 acres of contiguous 
land, all of which is undeveloped.  Existing development in the immediate vicinity of the project 
is industrial and residential.  Land immediately surrounding the water impoundment area is 
vacant, with the SAR located directly east.  The reach of the SAR in the project area consists of 
soft bottom, and rip rap levees.  The site and adjacent parcels are zoned as Open Space. 
 
The proposed Project is located within the floodplain of the SAR.  The SAR is the largest stream 
system in southern California, beginning in the San Bernardino Mountains, which reach altitudes 
exceeding 10,000 feet, and flowing approximately 100 miles to the Pacific Ocean near 
Huntington Beach.  The SAR floodplain contains, among other habitat types, RAFSS and 
riparian habitat, both of which are regionally significant habitat types confined to river and creek 
floodplains of southern San Bernardino and northwest Riverside counties. 
 
A healthy riparian habitat community occurs throughout the SAR floodplain along the valley 
floor, where the water table is high and/or there is year-round water flow.  Several natural and 
channelized drainage courses connect with the SAR.  In addition to their fundamental water-
related functions, these watercourses provide corridors through developed land and link open 
spaces together.  
The riparian and RAFSS habitat within the SAR floodplain are dynamic habitat communities 
dependent upon periodic flooding.  Winter flows create areas of scour and sedimentation that 
cycle the community back to earlier successional stages. The hydrologic regime contributes to 
the habitat's structural diversity and high wildlife value.  Historically, the SAR floodplain and the 
local vicinity supported sustainable breeding populations of SBKR within the wash, wash 
benches, alluvial fan, and RAFSS habitat community.   

 
 Today, SBKR currently occupies approximately 1,299 ha (3,247 acres) of suitable habita t in 

about seven general locations (USFWS 1998).  Of the recently occupied locations in the San 
Bernardino and San Jacinto Valleys, only three sites (SAR and its tributaries, Cajon and Lytle 
creeks, and San Jacinto and Bautista creeks) support robust, sustaining populations of SBKR 
and large contiguous patches of occupied habitat.  SBKR are found primarily on well drained, 
sandy loam substrates, characteristic of alluvial fan and floodplains, where they are able to dig 
simple, shallow burrows. They are nocturnal animals, but they also exhibit crepuscular behavior 
around dusk and dawn. SBKR may be active any hour of the night, but the heaviest 
concentration of activity tends to occur in the 3 to 4-hour time span just after dusk. They usually 
return permanently to their day burrows before dawn. 
 
The USFWS emergency listed the SBKR on January 27, 1998 and subsequently listed them as 
federally endangered later that same year on September 24, 1998 (63 FR 3837) under the 
Endangered Species Act of 1973 (63 FR 3877), as amended.  The USFWS also designated 
critical habitat units for the SBKR on April 23, 2002 (67 FR 19811).  On October 17, 2008, the 
USFWS published the revised SBKR Critical habitat designation in the Federal Register, Vol. 
73, No. 202. The units include reaches of the Santa Ana, Lytle and Cajon creeks, San Jacinto 
River and Bautista creek, and the Etiwanda alluvial fan (65 FR 77178).  Identified threats to the 
San Bernardino kangaroo rat include the loss of habitat, habitat fragmentation, urban and 
industrial development, highway construction, flood control and water conservation projects, 
sand and gravel mining, grazing, and vandalism (USFWS 1998). 
 
 



Riverside Groundwater Aquifer   
Storage and Recovery Project  FOCUSED SBKR SURVEY REPORT 
 
 

 
RBF-135/SBKR  TOM DODSON & ASSOCIATES 5 

 METHODS 
 
Background information was gathered prior to visiting this site to obtain information on species 
occurrences in the project vicinity.  The biological surveyor examined the California Natural 
Diversity Data Base (CNDDB).  The CNDDB search was conducted for the USGS  San 
Bernardino South Quadrangle, 7.5 Minute Series topographic map.  This resource p rovided 
baseline data regarding species occurrences within the project area.  
 
On May 26, 2009 Ms. Shay Lawrey and Contract Biologist, Philippe Vergne conducted a 
pedestrian site assessment to determine the habitat suitability for SBKR in the overall vicinity.  
Both Ms. Lawrey (TE 094308-0) and Mr. Vergne (TE 0680072-2)) are biologists permitted by 
the USFWS to trap and handle SBKR. During the walk over of the area they looked for tail 
drags, tracks, and scat indicative of kangaroo rats.   
 
After the entire site had been evaluated they identified the optimal trapline locations.  A total of 
150 traps were set within 4 trap lines in the most appropriate habitat in the SAR and recharge 
areas of the Project (Table 1).  In the SAR portion of the Project area, 3 trap lines of 30 traps 
each were placed along the bench habitat parallel to the channel flow line.  In the recharge 
area, outside of the channel, one trapline consisting of 60 traps was set in a north south 
orientation.  The trap lines consisted of 12-inch, Sherman live traps placed at 8-meter intervals. 
 

Table 1.  SBKR Study area data including location and number of traps set per trap line. 
 

 
 
 
 
 
 
 
 
After Mr. Vergne and Ms. Lawrey placed the trap lines, Ms. Lawrey completed  the focused live-
trapping survey from May 26 through May 31, 2009.  Mr. Vergne reviewed the findings and co-
authored the report submitted to the USFWS.   
 
Traps were baited with rolled oats, and inspected at midnight and again an hour before dawn 
the following morning.  All animals were identified, sexed and released unharmed at the point of 
capture.  Daily notes included weather conditions such as temperature, wind speed, and cloud 
cover. 
 
 

 RESULTS 
 
The majority of the site is underlain by alluvial Tujunga gravely sands.  Habitat communities 
occurring on site consist of RAFSS, ruderal, non-native grassland, and a mosaic of riparian 
communities including southern willow scrub, mule fat scrub, sandy river wash and stream 
habitat.  
 

Trapline Trap Study Area #  of Traps 

A SAR, east bench adjacent to east levee 30 
B SAR, eastern bench adjacent to flow line 30 
C SAR, west bench adjacent to west levee 30 
D Midsection of recharge area N/S orientation 60 
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The RAFSS plant community in the study area consists of by scalebroom, (Lepidospartum 
squamatum), California buckwheat (Eriogonum fasciculatum), yerba santa (Eriodictyon 
crassijolium.), California croton (Croton californicus), deer weed (Lotus scoparius), and white 
sage (Salvia apiana). The RAFSS on site is in a highly disturbed state with infrequent patches of 
native vegetation including occasional areas with sparse vegetation and cryptogamic crusts.  
 
The proposed recharge area is highly disturbed with a history of disking.  This area supports 
dense stands of exotic weed species dominated by exotic grasses Bromus and Hordeum; and 
by forbs, especially Amsinkia menzesii.  The northeast corner of the recharge area supports 
mature RAFSS on alluvial Tujunga gravelly sands.  Along the eastern margin of the recharge 
area, a strip of very fine alluvial sands extends out form the levee to approximately 100 meters.  
This sandy are supports vegetation common to sandy environs in general, such as Croton 
californica and Camissonia bistorata.  Disturbances include roadways, power lines, off-road use 
and trash dumping.  Although the habitat conditions are disturbed and degraded, species 
diversity is fairly high. 
 
The riparian communities were also disturbed by natural flooding processes and by some small 
amount of off-road traffic (tire-tracks evident in places).  The dominant species were Baccharis 
salicifolia, Salix spp, Veronica anagallis-aquatica and Xanthium strumarium.  
 
Approximately 20 Santa Ana River woollystar (Eriastrum densifolium ssp. Sanctorum) 
individuals were encountered in the north margin of the recharge area. Dense clusters of 
woollystar are also found, outside of the project area, on the adjacent parcels of land to the 
north. Santa Ana River woollystar colonizes washed sand deposits created by sporadic fluvial 
(flooding) actions. Its habitat is characterized by aperiodic disturbances that regenerate habitat 
by fluvial scouring of existing alluvium and deposition of clean sand (washed of most fine 
particles and organic matter).  Santa Ana River woollystar blooms from June to August and 
produces bright blue flowers that are up to 1.4 inches long that occur in flower heads with about 
20 blossoms each. It is found only within open washes on open slopes above main 
watercourses on fluvial deposits. The Santa Ana River woolly -star occurs along the SAR and 
Lytle and Cajon Creek flood plains from the base of the San Bernardino Mountains in San 
Bernardino County southwest along the SAR through Riverside County into the Santa Ana 
Canyon of northeastern Orange County from about 150 to 580 meters (Munz 1974; Robert s 
1998).   
 
Indicators of which wildlife species occur on site came from scat, tracks, burrows, nests, calls, 
and individual animals.  A variety of water birds and neotropical migrant birds were noted in the 
Project area including the great blue heron (Ardea herodias), and black-crowned night-heron 
(Nycticorax nycticorax), red-winged blackbird (Agelaius phoeniceus), common yellow throat, 
yellow-rumped warbler, Wilsons warbler, mallard (Anas platyrhynchos), killdeer (Charadrius 
vocierus), black-necked stilt (Himantopus muicana), and spotted sandpiper (Actitis macularia).  
One invasive, non-native amphibian species observed in the SAR portion of the Project area, 
the bullfrog (Rana catesbeiana). 
 
In the proposed recharge area a number of reptiles were seen including the western fence 
lizard, side-blotched lizard, western skink (Eumeces skiltonianus), and gopher snake (Piruophis 
melanoleucus).  A number of horned lizards were observed in the proposed recharge area.  The 
horned lizards were not identified to species, but could possibly be San Diego horned lizard, a 
species of special concern.   
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The most common wildlife seen in the Project area include individuals or sign of black-tailed 
jackrabbit (Lepus califomicus), coyote (Canis latrans), raccoon (Procyon lotor), striped skunk 
(Mephitis mephitis), opossum, and California ground squirrel. The most common bird species 
observed were barn owl, red tail hawk, American kestrel, mourning dove, black phoebe, 
northern roughwing swallow, song sparrow, and common raven.  
 
Trapping Results 
 
The soils on site are friable and conducive for small mammal burrow construction and 
maintenance. The recharge area has an abundance of exposed sands on the surface that show 
evidence of fossorial vertebrate activity. Both of the SAR portions of the project and proposed 
recharge area contain habitat that is considered marginal, but suitable for SBKR. 
 
During the trapping session, the overnight low temperatures ranged between 56°F and 62°F , 
skies were mostly clear to sunny and the air was calm.  Sign of various small mammals was 
observed within the areas of the trap lines and several native rodent species were trapped.  No 
SBKR were captured during the 5-night focused trapping session.  Delzura kangaroo rats, 
grasshopper mice, San Diego pocket mice, San Diego woodrats and L.A. pocket mice were 
captured.  
 
Table 2.  Rodent Species Found During the 2009 Focused Trapping Survey for the Riverside 
Groundwater Aquifer Storage and Recovery Project Site (Phylogenetic listing per Jameson & 
Peters, California Mammals, 1988) 
 

Species Trap Site SAR or Recharge Area Trap Nights 

San Diego pocket mouse (Chaetodipus fallax) SAR 9 
San Diego pocket mouse (Chaetodipus fallax) Recharge Area 5 
cactus mouse (Peromyscus eremicus) SAR 13 
cactus mouse (Peromyscus eremicus) Recharge Area 7 
deer mouse (Peromyscus maniculatus) SAR 155 
deer mouse (Peromyscus maniculatus) Recharge Area 95 
California mouse (Peromyscus californicus) SAR 12 
wood rat (Neotoma lepida) SAR 5 
LAPM (Perognathus longimembris brevinasus) Recharge Area 20 
Grasshopper mouse (Onychomys torridus) Recharge Area 3 
California vole (Microtus californicus) Recharge Area 2 
Delzura kangaroo rat (Dipodomys simulans) Recharge Area 7 

 
 

 CONCLUSIONS AND RECOMMENDATIONS 
 
The project site is not mapped with any critical habitat designated by the USFWS.  Figure 6-3a: 
Critical Habitat / Sensitive Species - Valley Region from the Conservation Element Background 

 the project area is within a "Wildlife 
Linkage Corridor" along the SAR.  It should be noted that the SAR is one of the few remaining 
biological corridors through the highly urbanized San Bernardino Valley and the greater 
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southern California area that provides connectivity between remnant habitats within the greater 
urbanized area and large protected habitat areas located outside of the urbanized area.  The 
project should take care to protect the natural integrity of the SAR and prevent interruption of 
connectivity for wildlife movement.  The project should consider implementing protective 
measures such as barrier fencing to prevent further OHV intrusion in this area of the SAR.  As a 
standard practice the site should be restored to its pre-project conditions through the 
implementation of a Habitat Mitigation Monitoring and Reporting Program.   
 
Historically, the SAR floodplain and the local vicinity supported sustainable breeding populations 
of SBKR within the wash, wash benches, alluvial fan, and RAFSS habitat community.  Since 
before 2000, this species has not been found in the near vicinity of the study area.  SBKR can 

show that SBKR can 
occupy disturbed areas in a range of soil and vegetation types in various states of alteration and 
degradation.  They have been captured in dirt parking lots and dirt roads as well as RAFSS, 
Coastal sage scrub, and chaparral.  As such, it was appropriate to trap the selected study site.  
 
The trapping results show that SBKR do not currently occur within the Project area and will not 
be adversely affected by the implementation of the Project.  Based on the survey findings, there 
is no potential risk of the take of SBKR.  A number of special status animal species were found 
on the Project site, however.  These species include the southern grasshopper mouse, LAPM, 
northwestern San Diego pocket mouse, San Diego woodrat, San Diego black-tailed jackrabbit 
and homed lizard.. At this time there are no specific regulatory requirements of obtaining special 
authorizations for the taking of these species, but impacts to these species and their habitat 
must be analyzed during the California Environmental Quality Act (CEQA) process of a project.  
Construction activities that would result in the loss of individuals of these species would not 
threaten their regional populations.    
 
The project proposes to impact an area of ~45 acres in size, resulting in the loss of habitat 
within the new facilities footprint of the rubber dam, levees improvements, and recharge areas.  
The following recommendations are provided to minimize the potential project related impacts 
on locally sensitive species. A qualified biologist should be retained to provide an environmental 
awareness class to the construction personnel and to inspect and monitor the construction site.  
The project action area should be clearly defined and the adjacent habitat should be clearly 
marked with temporary fencing to prevent construction equipment or personnel from entering 
habitat areas outside of the immediate action area. 
 
In closing, this report and recommendations do not constitute authorization for incidental take of 
state of federally listed endangered, threatened or sensitive species or for state regulated bird 
nests or state or locally regulated plant species. Federally threatened and endangered species 
are protected under the federal Endangered Species Act, which is enforced by the USFWS. The 
USWFS also affords protection to migratory birds through the Migratory Bird Treaty Act (MBTA).  
The MBTA protects all resident and migratory wild birds found in the United States, except the 
house sparrow, starling, feral pigeon, and resident game birds. Resident game birds are 
managed separately by each state. The MBTA makes it unlawful for anyone to kill, capture, 
collect, possess, buy, sell, trade, ship, import or export any migratory bird including feathers, 
parts, nests or eggs. Furthermore, the CDFG code 3503 makes it illegal to destroy any birds' 
nest or any birds' eggs. Code 3503.5 further protects all birds in the orders Falconiformes and 
Strigiformes (Birds of Prey, such as hawks and owls) and their eggs and nests from any form of 
take. 
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Latin Name Common Name 

Status 
Federal 
State CDFG CNPS Habitat Occurrence Potential on Site 

Abronia villosa var. 
aurita 

chaparral sand-verbena N/N  1B.1 Chaparral, coastal scrub. Sandy 
areas. 80-1600m. 

Some habitat on site in degraded RAFSS 
areas. Species was not encountered during 
survey. Low chance of occurrence, this is 
more of a dune species than a sandy river 
wash species 

Arenaria paludicola marsh sandwort E/E  1B.1 Marshes and swamps.growing up 
through dense mats of typha, 
juncus, scirpus, etc. In freshwater 
marsh.  10-170m. 

 Species was not encountered during 
survey. This species has not been collected 
in the San Bernardino area since the 
1880's, when it was collected in the Santa 
Ana river 

Aspidoscelis 
hyperythra 

orange-throated 
whiptail 

N/N SC  Inhabits low-elevation coastal 
scrub, chaparral, and valley-
foothill hardwood habitats. Prefers 
washes & other sandy areas with 
patches of brush & rocks. 
Perennial plants necessary for its 
major food-termites 

This species has a moderate potential of 
occurrence on site.  It was not observed 
during survey. 

Aspidoscelis tigris 
stejnegeri 

coastal western whiptail N/N   Found in deserts & semiarid areas 
with sparse vegetation and open 
areas. Also found in woodland & 
riparian areas. Ground may be 
firm soil, sandy, or rocky. 

This species has a moderate potential of 
occurrence on site.  It was not observed 
during survey. 

Astragalus hornii var. 
hornii 

Horn's milk-vetch N/N  1B.1 Meadows and seeps, playas. 
Lake margins, alkaline sites. 60-
850m. 

There is no habitat present on site for this 
species. 

Athene cunicularia burrowing owl N/N SC  Open, dry annual or perennial 
grasslands, deserts & scrublands 
characterized by low-growing 
vegetation. Subterranean nester, 
dependent upon burrowing 
mammals, most notably, the 
California ground squirrel.  

No evidence indicating that this species 
has historically or is currently using  this 
site for foraging or nesting. Occurrence 
potential is low to moderate. 
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State CDFG CNPS Habitat Occurrence Potential on Site 

Carex comosa bristly sedge N/N  2.1 Marshes and swamps. Lake 
margins, wet places; site below 
sea level is on a delta island.  -5-
1005m. 

Almost no chance of occurrence. This 
species appears to have been collected 
once in San Bernardino area 1882, and has 
not been collected in the area since. 

Carolella busckana Busck's gallmoth N/N     

Catostomus 
santaanae 

Santa Ana sucker T/N SC  Endemic to  L.A.basin south 
coastal streams. Habitat 
generalists, but prefer sand-
rubble-boulder bottoms, cool, 
clear water, & algae. 

This species nearest occurrence is 
downstream in Rialto Channel.  It does not 
occur in the SAR u/s of Rialto Channel. 

Centromadia pungens 
ssp. laevis 

smooth tarplant N/N  1B.1 Valley and foothill grassland, 
chenopod scrub, meadows, 
playas, riparian woodland. Alkali 
meadow, alkali scrub; also in 
disturbed places.  0-480m. 

There is some potential habitat although no 
alkali areas were seen on site. 

Chaetodipus fallax 
fallax 

northwestern San 
Diego pocket mouse 

N/N SC  Coastal scrub, chaparral, 
grasslands, sagebrush, etc. In 
western San Diego co. Sandy, 
herbaceous areas, usually in 
association with rocks or coarse 
gravel. 

Species is present on site. 

Chorizanthe parryi var. 
parryi 

Parry's spineflower N/N  3.2 Coastal scrub, chaparral. Dry 
slopes and flats; sometimes at 
interface of 2 veg types, such as 
chap and oak wdland;  dry, sandy 
soils.  40-1705m. 

Moderate chance of occurrence.  Species 
does not appear to tolerate disturbance 
well and occurs more often in upland sage 
scrub communities. 

Coccyzus americanus 
occidentalis 

western yellow-billed 
cuckoo 

Cand/E   Riparian forest nester, along the 
broad, lower flood-bottoms of 
larger river systems. Nests in 
riparian jungles of willow, often 
mixed with cottonwoods, w/ lower 
story of blackberry, nettles, or wild 
grape. 

 The riparian habitat in the nearby SAR 
does not constitute a riparian gallery forest 
and is therefore, considered unsuitable for 
this species. 
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Cordylanthus 
maritimus ssp. 
maritimus 

salt marsh bird's-beak E/E  1B.2 Coastal salt marsh, coastal 
dunes. Limited to the higher 
zones of the salt marsh habitat.  
0-30m. 

This species has not been collected in the 
San Bernardino area since the 1880's, 
when it was collected in the San 
Bernardino area. 

Crotalus ruber ruber northern red-diamond 
rattlesnake 

N/N SC  Chaparral, woodland, grassland, 
& desert areas from coastal San 
Diego county to the eastern 
slopes of the mountains. Occurs 
in rocky areas & dense 
vegetation. Needs rodent 
burrows, cracks in rocks or 
surface cover objects. 

Suitable habitat for this species is absent 
from the site. 

Dipodomys merriami 
parvus 

San Bernardino 
kangaroo rat 

E/N SC  Alluvial scrub vegetation on sandy 
loam substrates characteristic of 
alluvial fans and flood plains. 
Needs early to intermediate seral 
stages. 

No SBKR were captured during the 
focused trapping survey.  Habitat on site is 
marginally suitable.  SBKR have not been 
detected in the general vicinity of the 
Project in over a decade. 

Dodecahema 
leptoceras 

slender-horned 
spineflower 

E/E  1B.1 Chaparral, coastal scrub (alluvial 
fan sage scrub). Flood deposited 
terraces and washes; assoc 
include encelia, dalea, 
lepidospartum, etc.  200-760m. 

Low to moderate chance of occurring. 
Open, cryptogamic areas may provide 
some habitat but known companion 
species were not found during general 
survey. 

Eriastrum densifolium 
ssp. sanctorum 

Santa Ana River 
woollystar 

E/E  1B.1 Coastal scrub, chaparral.in sandy 
soils on river floodplains or 
terraced fluvial deposits.  150-
610m. 

Species is present. 

Eumops perotis 
californicus 

western mastiff bat N/N SC  Many open, semi-arid to arid 
habitats, including conifer & 
deciduous woodlands, coastal 
scrub, grasslands, chaparral etc. 
Roosts in crevices in cliff faces, 
high buildings, trees & tunnels. 

Occurrence potential is moderate in the 
area of the Mt. Vernon Ave. Road crossing 
across the SAR. 
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Galium californicum 
ssp. primum 

California bedstraw N/N  1B.2 Chaparral, lower montane 
coniferous forest. Grows in shade 
of trees and shrubs at the lower 
edge of the pine belt, in pine 
forest-chaparral ecotone.  360m. 

There is essentially no chance of this 
species occurring on the site naturally. 

Gila orcuttii arroyo chub N/N SC  Los Angeles basin south coastal 
streams. Slow water stream 
sections with mud or sand 
bottoms. Feeds heavily on aquatic 
vegetation & associated 
invertebrates. 

There is some habitat on site for this 
species.  Occurrence potential is low. 

Helianthus nuttallii ssp. 
parishii 

Los Angeles sunflower N/N  1A Marshes and swamps (coastal 
salt and freshwater).  Historical 
from southern California. 

Low probability of occurrence, species 
appears to be extinct but occurred in the 
general area historically. 

Horkelia cuneata ssp. 
puberula 

mesa horkelia N/N  1B.1 Chaparral, cismontane woodland, 
coastal scrub. Sandy or gravelly 
sites. 70-810m. 

Some very marginal habitat on site in 
degraded RAFSS. Low to Moderate, there 
is some potential habitat on site. Species 
was not encountered during survey. 

Imperata brevifolia California satintail N/N  2.1 Coastal scrub, chaparral, riparian 
scrub, mojavean scrub, meadows 
and seeps (alkali).mesic sites, 
alkali seeps, riparian areas. 0-
500m. 

Suitable habitat for this species is not 
present on site. Occurrence potential is 
low. 

Lasiurus xanthinus western yellow bat N/N   Found in valley foothill riparian, 
desert riparian, desert wash, and 
palm oasis habitats. Roosts in 
trees, particularly palms. Forages 
over water and among trees. 

There is no habitat on site for this species. 

Lepidium virginicum 
var. robinsonii 

Robinson's pepper-
grass 

N/N  1B.2 Chaparral, coastal scrub. There is some potential habitat  on site. 
This species has fairly large flowers and 
forms large clumps and there is very little 
chance of this species occurring on the site 
undetected following the general survey. 
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Lepus californicus 
bennettii 

San Diego black-tailed 
jackrabbit 

N/N SC  Intermediate canopy stages of 
shrub habitats & open shrub / 
herbaceous & tree / herbaceous 
edges. 

Present on site. 

Lycium parishii Parish's desert-thorn N/N  2.3 Coastal scrub, Sonoran desert 
scrub. 

There is essentially no chance of this 
species occurring on the site naturally. 

Monardella pringlei Pringle's monardella N/N  1A Coastal scrub. Sandy hills.  300-
400m. 

There is essentially no chance of this 
species occurring on the site naturally. 

Nasturtium gambelii Gambel's water cress E/T  1B.1 Marshes and swamps.freshwater 
and brackish marshes at the 
margins of lakes and along 
streams, in or just above the 
water level.  5-1305m. 

This habitat type is not found on site. 

Nyctinomops 
femorosaccus 

pocketed free-tailed bat N/N SC  Variety of arid areas in southern 
California; pine-juniper 
woodlands, desert scrub, palm 
oasis, desert wash.. Rocky areas 
with high cliffs. 

No habitat that is considered suitable for 
this species is found on site. 

Onychomys torridus 
ramona 

southern grasshopper 
mouse 

N/N SC  Desert areas, especially scrub 
habitats with friable soils for 
digging. Prefers low to moderate 
shrub cover. 

Present 

Perognathus 
longimembris 
brevinasus 

Los Angeles pocket 
mouse 

N/N SC  Lower elevation grasslands & 
coastal sage communities in and 
around the L.A. basin. Open 
ground with fine sandy soils.  

Present 
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Phrynosoma 
coronatum (blainvillii 
population) 

coast (San Diego) 
horned lizard 

N/N SC  Inhabits coastal sage scrub and 
chaparral in arid and semi-arid 
climate. Prefers friable, rocky, or 
shallow sandy soils. 

Horned lizards are present and this species 
is assumed present. 

Polioptila californica 
californica 

coastal California 
gnatcatcher 

T/N SC  Obligate, permanent resident of 
coastal sage scrub below 2500 ft 
in southern California. Low, 
coastal sage scrub in arid 
washes, on mesas & slopes. Not 
all areas classified as coastal 
sage scrub are occupied. 

The level of  disturbance on the site is very 
high.  The habitat is marginal at best.  The 
occurrence potential for this species if very 
low. 

Rhaphiomidas 
terminatus 
abdominalis 

Delhi Sands flower-
loving fly 

E/N   Found only in areas of the Delhi 
sands formation in southwestern 
San Bernardino & northwestern 
riverside counties. Requires fine, 
sandy soils, often with wholly or 
partly consolidated dunes & 
sparse vegetation. Oviposition 
req. Shade. 

The site conditions were determined to be 
unsuitable for DSF. 

Ribes divaricatum var. 
parishii 

Parish's gooseberry N/N  1A Riparian woodland. Salix swales 
in riparian habitats.  65-100m. 

There is very little chance of this species 
occurring on the site undetected following 
the general survey. 

Riversidian Alluvial 
Fan Sage Scrub 

Riversidian Alluvial Fan 
Sage Scrub 

N/N    Present. 

Sidalcea neomexicana Salt Spring 
checkerbloom 

N/N  2.2 Alkali playas, brackish marshes, 
chaparral, coastal scrub, lower 
montane coniferous forest, 
mojavean desert scrub. Alkali 
springs and marshes.  0-1500m. 

Low to Moderate, there is some potential 
habitat although no alkali areas were seen 
on site. 
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Southern Cottonwood 
Willow Riparian Forest 

Southern Cottonwood 
Willow Riparian Forest 

N/N    Present 

Southern Riparian 
Scrub 

Southern Riparian 
Scrub 

N/N    Present 

Symphyotrichum 
defoliatum 

San Bernardino aster N/N  1B.2 Meadows and seeps, marshes 
and swamps, coastal scrub, 
cismontane woodland, lower 
montane coniferous forest, 
grassland. Vernally mesic 
grassland or near ditches, 
streams and springs; disturbed 
areas. 2-2040m. 

Low to Moderate, there is some potential 
habitat although no alkali areas were seen 
on site. 

Taxidea taxus American badger N/N SC  Most abundant in drier open 
stages of most shrub, forest, and 
herbaceous habitats, with friable 
soils. Need sufficient food, friable 
soils & open, uncultivated ground.  
Prey on burrowing rodents.  Dig 
burrows. 

This species is not tolerant of the level of 
human disturbance found in the project 
area.  Occurrence potential is very low. 

Vireo bellii pusillus least Bell's vireo E/N   Summer resident of southern 
California in low riparian in vicinity 
of water or in dry river bottoms; 
below 2000 ft. Nests placed along 
margins of bushes or on twigs 
projecting into pathways, usually 
willow, baccharis, mesquite. 

The riparian habitat in the nearby SAR 
does not constitute a riparian gallery forest 
and is therefore, considered unsuitable for 
this species. 
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Coding and Terms 

E= Endangered  T = Threatened SC= Species of Concern   N= None 
R= Rare C= Candidate PE= Proposed Endangered  N / A = Not Applicable 

Federal Species of Concern:  "taxa for which the U.S. Fish and Wildlife Service has information that indicates proposing to l ist the taxa as endangered or threatened is possibly 
appropriate, but for which substantial data on the biological vulnerability and threats are not currently known or on file to support the immediate preparation of rules." (Arnold).  All of 
these species have a limited range. 

State Species of Special Concern:  An administrative designation given to vertebrate species that appear to be vulnerable to extinction because of declining populations, limited 
acreages, and/or continuing threats.  Raptor and owls are protected under section 3502.5 of the California Fish and Game code ke, posses or destroy any birds in 

 

State Plant Rankings:  
S1 - less than 6 element occurrences, or less than 1,000 individuals, or less than 2,000 acres 
S2 - 6 to 20 element occurrences, or between 1,000 and 3,000 individuals, or between 2,000 and 10,000 acres 
S3 - 21 to 100 element occurrences, or between 3,000 and 10,000 individuals, or between 10,000 and 50,000 acres 
S4 - No Threat Rank 
S5 - No Threat Rank 

  
.1 - very threatened   SH - all sites in California are historical 
.2 - threatened 
.3 - no current threats known   

 
CNPS Plant Rankings: 
1A- presumed extinct in California 
1B - Rare, Threatened or Endangered in California and elsewhere 
2 - Rare, Threatened or Endangered in California but more common elsewhere 
3 - Plants for which more information is needed  
4 - Plants with a limited distribution  
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Asterisk denotes non-native species, dagger denotes special status species.    
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FIGURE 1. REGIONAL LOCATION 
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FIGURE 2. PROJECT VICINITY MAP 
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FIGURE 3. PROJECT IMPACT AREA 
 

 
 
 

 
 Proposed Recharge Impact Area encompasses approximately 41.5 acres 
 Proposed Impact Area in the SAR encompasses approximately  5 acres   
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FIGURE 4. STUDY AREA 
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FIGURE 5. HABITAT MAP 
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FIGURE 6a. FOCUSED SBKR SURVEY SAR TRAPLINE LOCATIONS 

 
 
 

FIGURE 6b. FOCUSED SBKR SURVEY RECHARGE AREA TRAPLINE LOCATIONS 
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Photo 1.  Looking north at SAR woolystar 
 

 

 
 

Photo 2.  Looking south at RAFSS habitat in Trapline A. 
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Photo 3.  Looking west perpendicular to Trapline B in the SAR. 
 
 

 
 

Photo 4.  Looking south from the west levee along the SAR. 
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Photo 5.  Looking south in vicinity of Trapline C in the SAR  
 
 
 

 
 

Photo 6.  Looking at RAFSS habitat resources within the proposed recharge area. 
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1 INTRODUCTION 
The purpose of this Technical Memorandum is to respond to the following four questions, which 
have been posed by Riverside Public Utilities (RPU): 

1. How will the rubber dam affect silt and sand deposition and transport? 
2. How will the rubber dam affect gravel and cobble transport downstream? 
3. Will the rubber dam create sediment slugs that may affect downstream sucker habitat? 
4. Will discharge from RIX Waste Water Treatment Plant (WWTP) be sufficient to move 

accumulated fine sediments downstream? 

The study entitled, “Assessment of the Riverside North Aquifer Storage and Recovery Project on 
the Santa Ana sucker (SAS, Catostomus santaanae)”, was previously prepared for Riverside 
Public Utilities by AECOM and Hydmet, Inc., dated May 23, 2011 (AECOM and Hydmet, 
2011).   This study was revised in March of 2014 (Hydmet, 2014) to evaluate an alternative six-
foot high rubber dam project alternative. This re-analysis was not published, but the revised 
model results are incorporated in this Technical Memorandum. 

This study identified two primary objectives: (1) to evaluate the effects of the proposed Riverside 
North Aquifer Storage and Recovery Project (Project) on hydrology, water quality, and sediment 
transport in the Santa Ana River (SAR); and (2) to determine if the Project would adversely 
impact the federally threatened Santa Ana sucker, which is resident downstream of the Project 
site.  As part of this study, an evaluation was conducted to determine the effects the Project 
would have on sediment transport in the SAR, and whether or not Project operation would 
adversely impact sediment transport downstream to reaches supporting the federally threatened 
SAS. Figure 1 shows the project vicinity. Figure 2 depicts the Project dam and recharge reservoir 
location. 

The following aspects of this sediment transport evaluation are reviewed herein and form the 
basis for the prepared responses to the questions posed by RPU: 

 Sediment transport methodology 
 Hydrology used in the modeling of sediment transport 
 Project operations during storm events 
 Recharge reservoir sediment trapping 
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Figure 1. Santa Ana River from Project site to Mission Boulevard 

 

Figure 2. Location of in-stream Project site 
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2 SEDIMENT TRANSPORT EVALUATION 

2.1 Sediment transport methodology 

For purposes of this analysis, sediment transport was separated into two regimes: suspended 
sediment and bedload material transport.  Table 1 shows typical sediment size distributions for 
the suspended sediment and bedload regimes, and the percentage of each expected in the Project 
reach.   

Suspended sediment transport was estimated from measurements made by the U.S. Geological 
Survey at the Santa Ana River E-Street Bridge (Gage No.11059300). As shown in Table 1, 
suspended sediment was nearly all silt and fine sand.   

Table 1. Sediment gradation 

 
 

Bedload material size distributions were taken from sieve analysis of bed and bank samples near 
the Santa Ana River – Mill Creek confluence (Humphrey, Blood and Leidy (2004). The median 
sediment diameter is approximately one millimeter. Annual Santa Ana River Walk surveys and 
surface observations at the Project site confirmed that gravel and cobble sizes are present in the 
SAR both in and downstream of the Project site, so the sediment size distribution provided in 
Table 1 is generally considered appropriate for bedload material transport analysis throughout 
the greater Project reach of the SAR as shown in Figure 3. Sieve analyses of sediment samples in 
the Project reach would be required to confirm these distributions; however, due to recharge 
facilities in Warm and Lytle Creeks, sediment trapping  by Seven Oaks Reservoir, and sand 
trapping structures near E Street, it is likely that bed material in the Santa Ana River would not 
show a stable distribution for many years. 

To estimate suspended sediment volumes being transported in the SAR at the Project site, the 
U.S. Geological Survey gage data from E-Street were fit to a power equation as follows:  
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Suspended Sediment (SS) (tons/day) = 0.00896*Discharge (cfs) ^2.051. 
The computed suspended sediment was proportioned by size class according to the percentages 
listed in Table 1. 

The HEC-RAS model cross-section layout for the applicable SAR segment is shown in Figure 3. 
Two bedload material sediment transport equations were applied in this model: (1) Yang (1972) 
and (2) Meyer-Peter-Müller (1948). Based on experience elsewhere, these equations provided 
the most reasonable results compared to the many potential sediment transport equations found 
available in the literature. The sediment transport equations themselves are complex and are not 
shown in this Technical Memorandum.  The Yang equation was best applied to fine and medium 
sands, and Meyer-Peter-Müller to gravels. 

Figure 3: HEC-RAS model cross-section layout 

 
 

The data from HEC-RAS model analyses and USGS suspended sediment observations were used 
to construct composite power equations for sediment transport at each size class. These power 
equations are plotted in Figure 4, which is specific to the conditions immediately upstream of the 
Project site.   
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Figure 4. Grain size classes related to sediment transport v. flow upstream of Project site 

 
 

2.2 Hydrology used in the modeling of sediment transport 

In order to realistically assess the potential impact of the proposed Project on hydrology and 
sediment transport, hydrological data measured at short time intervals were required.  Existing 
data for the 15-minute flow record for the USGS stream gage at E Street, recorded upstream of 
the Project site, were used.  These data were adjusted for the inflow of Lytle and Warm Creeks, 
which have their confluence downstream of the gage and upstream of the Project site (providing 
an approximate increase of 50% in flow during some operational periods.)  These data allowed 
the models used in the analysis to assess sediment transport for each water year on a near-
continuous basis (hourly) for the entire water year. 

Hydrological data were obtained on-line for the USGS stream gage at E Street for nine operation 
years.  Water years 2000-2008 and 2011 were used because Seven Oaks Dam storage began 
functional operation after 1999.  Fifteen minute data for water years 2009-2010 and 2012-2013 
were not yet available for use at the time the foundation for this analysis was originally initiated 
(AECOM and Hydmet, 2011). It was assumed that this data is representative of the existing 
conditions. 

2.3 Project operation during storm events 

The Project rubber dam will operate as follows:   

1. The rubber dam operates only at inflows less than 1,500 cfs. At flows higher than 1,500 
cfs the dam is collapsed and does not influence river hydrology and sediment transport as 
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it allows 100 percent of the storm flows to pass through the Project reach unabated. The 
maximum impoundment volume is 72 acre-feet. For typical storm event hydrographs, 
filling times ranged from 1 to 8 hours. During impoundment filling, there would be no 
release downstream. After the impoundment fills, for inflow below 1,500 cfs, flows over 
200 cfs would be released over the dam.  

2. The rubber dam is raised to 6 feet when flows are predicted to increase due to storm 
runoff.    Potential times of the rising and declining limbs of the storm event hydrograph 
are determined by the dam operator in real-time from 15-minute flow records observed 
upstream at USGS gauges for the Santa Ana River at E Street, Warm and Lytle Creeks, 
and from appropriate precipitation gages. 

3. Initial flows for the first wet season storm event runoff carrying debris and potentially 
lower quality water due to the effect of “first flush” conditions are allowed to pass a 
lowered dam. 

4. When flows are predicted to consistently occur, for flow below 1,500 cfs, the dam is 
raised to 6 feet and water storage begins behind the dam.The rubber dam is left raised 
until the recharge reservoir becomes empty or inflows increase over 1,500 cfs due to 
another runoff event. 

Figures 5 through 14 illustrate the flows for storm runoff events based on the 15-minute 
hydrologic record for the years analyzed. These figures also illustrate when the Project would be 
in operation based on the Project operating rules discussed previously (shown in red) and when 
the Project would not be in operation (shown in blue). The dates of separate Project operation 
events are labeled on the figure. It should be noted that the time scales of these figures were 
compressed and truncated to eliminate flow periods when the Project would not be in operation  
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Figure 5. WY 2000 operations 

 
 

Figure 6. WY 2001 operations 
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Figure 7. WY 2002 operations 

 
 

Figure 8. WY 2003 operations 
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Figure 9. WY 2004 operations 

 
 

Figure 10. WY 2005 operations 
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Figure 11. WY 2006 operations 

 
 

Figure 12. WY 2007 operations 
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Figure 13. WY 2008 operations 

 
 

Figure 14. WY 2011 operations 
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2.4 Recharge reservoir sediment trapping 

Table 2 presents the modeling results, for each sediment size classification, for total sediment 
transport, for all flows and for each water year. 

Table 3 shows the amount of sediment trapped during each operational year as well as the 
residual sediment remaining at the end of a wet season . Records of flow for the Santa Ana River 
at E Street indicate that operations would normally end in March. There have been rare flood 
events and local storms, primarily in September. Recharging these events would require standby 
facility personnel working very few hours over many months.  

It was not feasible to set up HEC-RAS sediment transport models, which represent sediment 
accumulation depths in the recharge area during each flood event.  A rough estimate of residual 
sediment was derived from a comparison of Figure 4 (sediment transport versus flow) with 
event-based accumulated sediment volumes in the recharge area, resulting in the assumption that 
flows over 6,500 cfs remove 95 percent of the accumulated sediment; flows from 4,000 to 6,500 
cfs remove 75 percent of the accumulated sediment, and flows from 1,500 to 4,000 cfs remove 
50 percent of the accumulated sediment. 

Table 4 compares sediment potentially trapped during operations to annual sediment transport.  
These values average around 30 percent with lower values for very coarse gravel and small 
cobbles.   Residual sediment comparisons are 1 to 5 percent (less than 1 to 3 percent for sand 
and silt) unless flushing flows did not occur after the last operational flood event.  

Flushing flows for the trapped sediment do not always occur after the last operational storm 
event each wet season.  If not removed, this trapped sediment (an annual average of 4,800 total 
cubic yards based on the ten water years modeled) will begin to be flushed downstream during 
the first event of the following year, which has flows significantly above 1,500 cfs.    

 

Table 2. Annual sediment transport, in tons 
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Table 3. Sediment trapped during operations, in tons 

 
Table 4. Trapped load versus annual load, in percent 
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3 RESPONSES TO QUESTIONS POSED BY RIVERSIDE PUBLIC UTILITIES 
 

1.  How will the Project affect silt and sand deposition and transport? 
Response. Model output estimates of fine sediment transport and trapping were made for 
representative cross sections in the Project vicinity only.  Sediment volume estimates were made 
for individual flood events during operational periods. Sand trapped during operational periods 
would be transported downstream when flows exceeded 1,500 cfs. Fine sediment transport rates 
for flows over 1,500 cfs (non-operational periods) are orders of magnitude higher than transport 
rates or trapping during operations. 

In most years, the sediment trapped at the end of operations (end residual) would be roughly 1 to 
5 percent of the total sediment during all operational periods (less than 1 to 3 percent of sand/silt 
mixture), depending on the year, except in years where the occurrence of significant flood events 
was very limited or nonexistent. Table 2 shows sediment transported annually by size fraction.  
Suspended sediment was transported according to a power law of the flow rate. There was 
limited data available for determining silt size distributions. Figure 4 shows that silt can have ten 
times the transport rate of very fine sand. Coarse silt trapping volumes would be dependent on 
flows during and after individual operational periods. However, typical flow through times and 
velocities would limit deposition of silt in the recharge pond. 

 

2.  How will the Project affect gravel and cobble transport downstream? 
Response. Gravel transport and trapping during operational periods was estimated using the 
methodology of Yang and MPM. Gravel and cobble trapping during operational periods 
exhibited very low volumes. From Table 3, it was less than 5 percent of sand transport, without 
even accounting for potential silt transport. The trapping of gravel and cobbles during 
operational periods is a very small percentage of the available bed material, and can be 
replenished by river flow in a short distance downstream of the rubber dam. Table 4 compared 
the volume of gravel and cobbles trapped during operations to the total transport for all annual 
flows. The non-linear nature of the Yang/PMP methodology shows a greater relative transport 
volume of gravel and cobbles during flows over 1500 cfs, compared to operational flows. The 
model output also showed, similar to sand, river flows above 1500 cfs replenished gravel and 
cobble transport rates to the original upstream values within a few thousand feet downstream.  
The sediment transport model extended downstream to cross section 24.8 miles, 5,000 feet 
downstream of the rubber dam.  Further downstream, to Prado Reservoir, the HEC-RAS 
sediment transport model was based on the USACE flood hydrology model.  

 

3. Will Project sediment trapping create sediment slugs that may affect downstream sucker 
habitat? 

Response. Table 3 shows that trapped sediment is primarily sand. Coarse silts would also be 
found. USGS measurements at E Street (see Figure 4) indicated the total silt transport could be 
an order of magnitude larger than fine sand transport. 
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Since the bed gradient is steeper through the Project dam, sand transport would be greater for a 
few thousand feet downstream with the rubber dam recessed. However, further downstream, the 
river flows would be transporting sand at rates close to the original upstream transport. 
Therefore, downstream propagation of a sediment slug of sand and coarse silts would not occur.  

The model shows that, during operations, the river channel is degraded for a few hundred feet 
downstream of the rubber dam. After operations cease, the river restores the sediment transport 
to values typical of those upstream of Project and then the downstream channel aggrades to its 
original geometry. The sediment transport model extended downstream to cross section 24.8 
miles, 5,000 feet downstream of the rubber dam.  

In simple terms, observations of modeled conditions indicate that during high flows, trapped 
sediment is distributed downstream roughly within the first mile, filling in areas of the bed, 
which were eroded as a result of dam operations.  

 

4. Will discharge from RIX WWTP be sufficient to move accumulated fine sediments 
downstream? 

Response. It is unlikely that there will be accumulated fine sediments at the RIX WWTP outfall 
related to Project operation. Although the sediment transport model did not extend downstream 
there was no change in sediment aggradation within two miles upstream of the RIX WWTP 
outfall.  Sand and silts flushed from the Project impoundment area would eventually reach the 
Prado Reservoir during major flood events and be trapped there. This process was not modeled 
for this technical memorandum.   However, trapped fine sediment, left in the recharge basin area 
during extended periods of non-operation could be removed mechanically, if considered 
necessary.   

The RIX WWTP normally discharges 51 cfs up to a permitted maximum of 62 cfs of what is 
considered to be “fairly clean” reclaimed water and has been in operation since 1995. The Rialto 
WWTP is permitted to discharge a maximum of 18 cfs. USGS data showed that transport rates of 
fine sediment at these flows would be extremely low compared to fine sediment transport in 
higher flows. Per discussions with USGS representatives during a field visit on January 14, 2015, 
the WWTPs continuous discharge may be keeping fine silt and sand from settling within the 
cobble/boulder area of the sucker habitat. The flows generated by the WWTPs appear to be 
sufficient to keep low volumes of fine sediment suspended as it continues downstream.  The 
operation of the rubber dam would not have an effect on the operational flows of the RIX 
WWTP or Rialto WWTP because of the minimal amount of diversion to the recharge basins 
during storm events. During dry conditions, the rubber dam would not be in operation and would 
not contribute to any flows downstream that would impact flows generated by WWTPs. 
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APPENDIX – DIRECTORY OF SUPPORTING MODEL/DATA FILES 
 
The following is a directory of model/data files on the accompanying DVD. 

 

USGS 11059300 Santa Ana River at E-Street15-minute flow record  

The streamflow data at E-Street near San Bernardino are from 2000 through 2008 and 2011. This 
record comprised most of the upstream sources of the upper Santa Ana River (Seven Oaks Dam 
releases) and Mill Creek. Winter (November-March) storm events dominated these operational 
periods. Some uncommon cloudburst type events, usually from May-September, had significant 
inflows from urban areas. This urban area runoff usually represented approximately a 50 percent 
increase to the E- Street record. Urban flow estimates previously determined using HSPF were 
provided by the City of Riverside. 

 
USGS_11059300_SAR_15-min_flows_WY2000-2008.xls 

 

USGS 11059300 Santa Ana River at E-Street suspended sediment record 

The suspended sediment measurements are from 1983 through 2009 for the Santa Ana River at 
E-Street near San Bernardino. They are plotted by size class versus flow: 

 

USGS_11059300_SAR_SuspendedSediments_WY1983-2009.xls  
 

HEC-RAS Santa Ana River detailed sediment transport model 

The HEC-RAS model was used to develop relationships between flow and sediment transport, at 
selected cross sections, based on the methodology of Yang and MPM.  Cross section 7074 
represented transport in the pond area. Cross section 7138 was used to represent transport from 
upstream. 

 

 HEC-RAS model input files: 

SantaAnaRiverBaseYangMPM.prj  
SantaAnaRiverBaseYangMPM.p24 
SantaAnaRiverBaseYangMPM.g05 
SantaAnaRiverBaseYangMPM.q05 
SantaAnaRiverBaseYangMPM.s03 
SantaAnaRiverBaseYangMPM.sed05 
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HEC-RAS model output: 

SAR-Yang-RangeOfFlows.xls (all cross sections) 

SAR-MPM-RangeOfFlows.xls (all cross sections) 

AnnualSedimentTransported.xls (XS 7074 – RM 26.139) 

AnnualSedimentTransported.xls (XS 7138 – RM 26.151) 

 

Hydraulic parameters versus flow for cross sections 7074 and 7138 

 

HydraulicParameters-MPM.xls 
HydraulicParameters-Yang.xls 

 
Composite power function sediment transport equations 

Three separate power equations, for each size class, were determined using the USGS 
streamflow record and the HECRAS results for sediment transport functions Yang and MPM.  
These equations were combined graphically into one relationship for the entire range of observed 
flows. 

 

CompositeSedimentTransportCurves.xls (Figure 4) 

 

Operational periods 

The following files depict the operational periods, in hours, when the rubber dam was raised: 

 

Operations-WY2000.xls (Figure 5) 

Operations-WY2001.xls (Figure 6) 

Operations-WY2002.xls (Figure 7) 

Operations-WY2003.xls (Figure 8) 

Operations-WY2004.xls (Figure 9) 

Operations-WY2005.xls (Figure 10) 

Operations-WY2006.xls (Figure 11) 

Operations-WY2007.xls (Figure 12) 

Operations-WY2008.xls (Figure 13) 

Operations-WY2011.xls (Figure 14) 

 
  



RPU RNASR Project 
Technical Memorandum – Sediment Transport 

 

January 2015 Appendix-3   RBF Consulting/Hydmet, Inc. 

Sediment transport and operations model  

Sediment was flushed during non-operational periods using rough approximations of the 
accumulated sediment geometry. Modeling of flushing using HEC-RAS would require a model 
whose geometry could be changed dynamically with the flushing rate. Such a model was not 
available at the time of this analysis. Therefore, a sediment transport and operations model was 
developed in FORTRAN, which uses the relationships between flow and sediment transport to 
determine potential accumulated sediment in the recharge area during operations. 

  

OPMOXX.FOR (FORTRAN code) 

SAR-WY2005-Operations-HourlyFlow.txt (example OPMOXX input file) 

SAR-WY2005-Operations.txt (example OPMOXX output file) 

 
The operations files report the results of sediment accumulation in the recharge area 
during operations and the transport files report the sediment class distribution for the 
accumulation: 

 
SAR-WY2000-Operations.xls; SAR-WY2000-Transport.xls 

SAR-WY2001-Operations.xls; SAR-WY2001-Transport.xls 

SAR-WY2002-Operations.xls; SAR-WY2002-Transport.xls 

SAR-WY2003-Operations.xls; SAR-WY2003-Transport.xls 

SAR-WY2004-Operations.xls; SAR-WY2004-Transport.xls 

SAR-WY2005-Operations.xls; SAR-WY2005-Transport.xls 

SAR-WY2006-Operations.xls; SAR-WY2006-Transport.xls 

SAR-WY2007-Operations.xls; SAR-WY2007-Transport.xls 

SAR-WY2008-Operations.xls; SAR-WY2008-Transport.xls 

SAR-WY2011-Operations.xls; SAR-WY2011-Transport.xls 
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1. Introduction 
 
The following study represents the Hydrology and Water Quality Technical Study prepared as 
part of the Riverside North Aquifer and Storage Recovery Project (Riverside North ASR) 
Environmental Impact Report (EIR) for the City of Riverside. The proposed project is located 
within the City of Colton in San Bernardino County (refer to Figure 1, Regional Location Map). 
The project site is located south of the 10 Freeway and East M Street, west of the 215 Freeway 
and Santa Ana River, and east of the Union Pacific Railroad right-of-way. The project abuts the 
Santa Ana River as it trends south and bends westward through this part of the watershed. 
Roadways providing vehicular access to the project site includes East Congress Street and Mt. 
Vernon Avenue (refer to Figure 2, Vicinity Location Map). This report is a technical engineering 
study/evaluation intended to support the Riverside North ASR on issues related to hydrology, 
hydraulics, and water quality.  
 
The Riverside North Aquifer and Storage Recovery Project is an endeavor by the City of 
Riverside and its project partners, San Bernardino Valley Municipal Water District (SBVMWD), 
and Western Municipal Water District (WMWD). The project is designed to recharge the 
groundwater aquifers of the Riverside and Colton groundwater basins, by capturing stream 
runoff from the Santa Ana River. The project’s intended purpose includes improvement of the 
groundwater quality in the Riverside and Colton water basins, reduced dependence on imported 
water through increased storage, and the creation of additional groundwater recharge basins 
along the Santa Ana River within the project area. The project consists of 5 components: in-
stream recharge, off-stream recharge, State Water Project (SWP) pipeline, utility crossing, and 
a Riverside Canal Diversion Structure. 
 
All assessments and technical analyses in this report are in compliance with the local drainage 
policies and requirements for the Cities of Colton and Grand Terrace, Santa Ana Regional 
Water Quality Control Board, San Bernardino County, and the California Environmental Quality 
Act (CEQA) of 1970, as amended. The hydrology analysis and water quality assessments have 
been prepared at a preliminary engineering level based upon available information. 
 

1.1 Background and History 
 
1.1.1 Project Agreement 16 
 
In March of 1992, the City of San Bernardino, Orange County Water District, San Bernardino 
Valley Municipal Water District, and Western Municipal Water District agreed to conduct a study 
to develop conjunctive-use alternatives for integrating the management of imported water, 
recycled water, and stormwater for water users that have access to groundwater in the 
Riverside and Colton groundwater basins. In July of 2001 Project Agreement 16 – 
Riverside/Colton Water Resources Management Task Force prepared a reconnaissance-level 
investigation of the Riverside/Colton Basins Water Resources Management Program. This 
document outlined the four proposed alternatives from the Plan initiated in 1992, the current 
conditions of the Riverside/Colton Basins, new project alternatives based on current conditions, 
and a recommended implementation strategy to achieve these alternatives.  
 
As a result of these previous studies and current environmental and economic factors, the City 
of Riverside, San Bernardino Valley Municipal Water District, and Western Municipal Water 
District, , have embarked on implementation of a project that meets that purpose and intent of 
one of the alternatives originally conceived in the Project Agreement 16 Final Report.  
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1.1.2 1969 Stipulated Judgment 
 
The adjudication of the Santa Ana River was initiated by the complaint filed by Orange County 
Water District (OCWD) on October 18, 1963, seeking an adjudication of water rights against 
substantially all water users in the area tributary to Prado Dam within the Santa Ana River 
watershed, but excluding the area tributary to Lake Elsinore. Thirteen cross-complaints were 
filed in 1968, extending the adjudication to include substantially all water users in the area 
downstream from Prado Dam. With some 4,000 parties involved in the case (2,500 from the 
Upper Area and 1,500 from the Lower Area), many believed that every effort should be made to 
arrive at a settlement and physical solution in order to avoid enormous and unwieldy litigation.  
 
The result was adjudication of the Upper Area (Western–San Bernardino) and for the Lower 
Area under the Stipulated Judgment (Judgment) in the case entitled Orange County Water 
District vs. City of Chino et al., as entered by the court on April 17, 1969 (Case No. 117628–
County of Orange) and the judgment (1969 Western Judgment) in the case entitled Western 
Municipal Water District of Riverside County et al. v. East San Bernardino County Water District, 
et al. as entered by the court on April 17, 1969 (Case No. 78426-County of Riverside).. Both 
judgements contain a declaration of rights of the water users and other entities in the Lower 
Area of the Santa Ana River Basin downstream of Prado Dam as against those in the Upper 
Area tributary to Prado Dam, and provide a physical solution to satisfy those rights. 
 
The physical solution accomplishes, in general, a regional intra-basin allocation of the surface 
flow of the Santa Ana River System. The Judgment leaves to each of the major hydrologic units 
within the basin the determination and regulation of individual rights therein and the 
development and implementation of its own water management plan subject only to compliance 
with the physical solution. 
 
The Judgment designates four public agencies to represent the interests of the Upper and 
Lower Areas and gives them the responsibility to fulfill the obligations set forth in the Judgment, 
including the implementation of the physical solution. The Lower Area is represented by OCWD. 
The Upper Area is represented by San Bernardino Valley Municipal Water District (SBVMWD), 
Western, and Inland Empire Utilities Agency (IEUA), formerly the Chino Basin Municipal Water 
District (CBMWD). 
 
In the 1969 Judgment, all parties, whether situated in the Upper Area or Lower Area, had or 
claimed rights to the use of a portion of the water supply of the Santa Ana River system. The 
Judgment concluded that water users and other entities in the Lower Area have rights to receive 
an average annual supply of 42,000 acre-feet of base flow at Prado, together with the right to all 
storm flow reaching Prado Reservoir. Water users in the Upper Area have rights to divert, 
pump, extract, conserve, store and use all surface and groundwater supplies originating within 
the Upper Area without interference or restraint by Lower Area users, so long as the Lower Area 
receives the water to which they are entitled under this Judgment. Total flows at Prado have 
ranged from a minimum of  51,743 acre-feet per year to a maximum of 637,568 acre-feet per  
since 1970(Santa Ana River Watermaster, 2003).  The proposed project is an attempt to 
capture, store, and beneficially use a portion of available storm flows. 

 

Section 8 of the Western-San Bernardino Judgment describes the terms for extractions and 
management of the Colton and Riverside basin area within San Bernardino County. 
Groundwater replenishment obligations are described in this section should provisions in the 
Judgment be met. The proposed Riverside North Aquifer Storage and Recovery Project would 
assist with meeting any future groundwater replenishment obligations.    
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1.2 Definition Level of Significance 
 
The purpose of this technical evaluation is to determine the impact of the proposed recharge 
project on hydrology, floodplains and storm water quality within the study area. Should the 
analysis determine that the proposed project significantly impacts the drainage patterns or storm 
water quality, appropriate mitigation will be identified to minimize the project impacts to less than 
significant levels. 
 
Federal, state and local drainage laws and regulations govern the evaluation of impacts to 
surface water drainage. For this evaluation, impacts to surface water drainage would be 
considered significant if the project alters the drainage patterns of the site, which would result in 
substantial erosion, siltation, or increase runoff that would result in increased flooding.  
 
The evaluation of impacts to storm water quality is of growing concern throughout the country. 
In Southern California, poor storm water quality is the primary cause of numerous beach 
closures each year. The Santa Ana Regional Water Quality Control Board increased its 
requirements for the Municipal National Pollution Discharge Elimination System (NPDES) 
Permit. The requirements of the Municipal NPDES permit require the development of a Water 
Quality Management Plan (WQMP) for certain category projects as listed in Table 1. 
 

Table 1: WQMP Requirements 

 

1. All significant re-development projects. Significant re-development is defined as the addition 
replacement,  or creation of 5,000 or more square feet of impervious surface on an already 
developed site. This includes, but is not limited to, additional buildings and/or structures, 
extension of existing footprint of a building, construction of parking lots, etc. Where 
redevelopment results in an increase of less than fifty percent of the impervious surfaces of a 
previously existing development, and the existing development was not subject to WQMP 
requirements, the numeric sizing criteria applies only to the addition or replacement, and not 
the entire development.  Where redevelopment results in an increase fifty percent or more of 
the impervious surfaces of a previously existing development, the numeric sizing criteria 
applies to the entire development . 

2. New development projects that create 10,000  square feet or more of impervious surface 
(collectively over the entire project) including commercial, industrial residential housing 
subdivisions (i.e.) detached single family home subdivisions, multi-family  attached 
subdivisions or townhomes, condominiums, apartments, etc.), mixed-use, and public 
projects.  This category includes development projects on public and private land, which fall 
under the building authority of the jurisdiction where the projects are located.  

3. Automotive repair shops (with SIC codes 5013, 5014, 5541, 7532- 7534, 7536-7539). 

4. Restaurants (with SIC code 5812) where the land area of development is 5,000 square feet 
or more. 

5. All hillside developments of 5,000 square feet or more which are located on areas with 
known erosive soil conditions or where the natural slope is twenty-five percent or more. 

6. Developments of 2,500 square feet of impervious surface or more adjacent to (within 200 
feet) or discharging directly into environmentally sensitive areas (ESAs), such as areas 
designated in the Ocean Plan as areas of special biological significance or waterbodies listed 
on the CWA Section 303(d) list of impaired waters. 
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7. Parking lots of 5,000 square feet or more exposed to storm water.  Parking lot is defined as 
land area or facility for the temporary storage of motor vehicles. 

8. Retail Gasoline Outlets (RGOs) that are either 5,000 square feet or more, or have a 
projected average daily traffic of 100 or more vehicles per day.  

 
 
The Riverside North Aquifer and Storage Recovery Project is a category 6 project. The project 
proposes more than 2,500 square feet of impervious area within and adjacent to the Santa Ana 
River which is a 303(d) listed waterbody. Category projects are required to prepare a WQMP 
(based on the San Bernardino County Stormwater Program Model Water Quality Management 
Plan Guidance dated May 2012) that addresses the following: 
 

 Determine Pollutants of Concern (Table 2-1 an Attachment C) 

 Determine Hydrologic Conditions of Concern 

 Incorporate and implement Site Design BMPs as specified in Section 2.5.1.1. 
Justification is required for any Site Design BMPs not incorporated into the Project. 

 Incorporate and implement all Source Control BMPs as specified in  Table 2-2, unless 
not applicable to the project due to project characteristics. Justification is required for 
any Source Control BMP not incorporated into the project. 

 Incorporate and implement Treatment Control BMPs as specified in Section 2.5.3 and 
listed in Table 2-3,  

 
Also, dischargers whose projects disturb one or more acres of soil or whose projects disturb 
less than one acre but are part of a larger common plan of development that in total disturbs 
one or more acres, are required to obtain coverage under the General Permit for Discharges of 
Storm Water Associated with Construction Activity. Construction activity subject to this permit 
includes clearing, grading and disturbances to the ground such as stockpiling, or excavation, but 
does not include regular maintenance activities performed to restore the original line, grade, or 
capacity of the facility. 
 
The Construction General Permit requires the development and implementation of a Storm 
Water Pollution Prevention Plan (SWPPP). The SWPPP should contain a site map(s) which 
shows the construction site perimeter, existing and proposed buildings, lots, roadways, storm 
water collection and discharge points, general topography both before and after construction, 
and drainage patterns across the project. The SWPPP must list Best Management Practices 
(BMPs) the discharger will use to protect storm water runoff and the placement of those BMPs. 
Additionally, the SWPPP must contain a visual monitoring program; a chemical monitoring 
program for "non-visible" pollutants to be implemented if there is a failure of BMPs; and a 
sediment monitoring plan if the site discharges directly to a water body listed on the 303(d) list 
for sediment. 
 
 



Riverside Groundwater Aquifer Storage and Recovery Project 

Hydrology and Water Quality Technical Study 

7 

2. Existing Conditions 
 
The existing land use in the project area is described below by project component. 
 

2.1 In-Stream Recharge Component 
 
The proposed inflatable rubber dam will be located between the proposed basins location and 
the Mt. Vernon Avenue crossing in an area with both engineered and non-engineered levees, 
which would be modified to Army Corps of Engineer (ACOE) standards. The in-stream recharge 
basin will form behind the rubber dam will occupy an area of approximately 24 acres of the 
Santa Ana River. The reach of the Santa Ana River in the project area consists of soft bottom 
with ACOE rip rap levees and non-engineered levees. The 100-year flow rate in this reach is 
140,000 cfs per the ACOE floodplain models. The non-engineered levees are not certified by 
the County or FEMA for flood protection and may therefore require upgrades. The impoundment 
area is surrounded by the following land uses: 
 
North: Railroad right of way, vacant land, Santa Ana River, and open space with trails 
South: Low-rise apartments, Santa Ana River, and open space with trails 
East: Santa Ana River, office buildings, open space with trails 
West: Vacant land 
 
Upstream of the impoundment area is the confluence of Warm Creek and the Santa Ana River. 
At the confluence, the Santa Ana River is a concrete channel with an energy dissipation 
structure which transitions into a soft bottom with rip rap levees. The Santa Ana River within the 
boundaries of the in-stream recharge basin is mainly an un-vegetated wash consisting of sandy 
and gravely material; however, sparse patches of mulefat, cottonwood, and willow are present. 
Downstream of the rubber dam, the channel bottom consists of a braided stream (see Figure 
3). 
 

2.2 Off-Stream Recharge Component 
 
The off-channel recharge facility will occupy an area of approximately 25 acres of land on the 
west side of the Santa Ana River which is leveed with non-engineered material and is not 
recognized as a levee by the County or FEMA. A portion of this component extends through the 
western bank (non-engineered levee) of the Santa Ana River to allow for emergency spillway. 
The off-stream basin location consists of undeveloped land. The proposed location of the 
recharge basins is surrounded by the following land uses: 
 
North: Duplexes, high density single family homes, and vacant land 
South: Vacant land  
East: Vacant land 
West: Manufacturing, storage warehouse, and vacant land 
 
The locations of the proposed off-stream recharge basins were largely characterized by low-
lying upland vegetation. The area comprising this location was denuded and disturbed by 
existing unimproved dirt roads and paths. While no water flow was noted in within the proposed 
basin location, evidence of an ephemeral drainage (i.e., drift lines and sediment deposits) was 
observed.  
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2.3 State Water Project (SWP) Pipeline 
 
The existing area along the future State Water Project (SWP) pipeline extends from the Union 
Pacific Railroad right-of-way on the east side of the Santa Ana River to the area upstream of the 
proposed rubber dam (utility crossing). The area consists of disturbed ground on the east side 
of the ACOE levee. The alignment would cross an existing channel which confluences with the 
Santa Ana River near the energy dissipation structure. 
 

2.4 Utility Crossing 
 
The proposed utility crossing is located just upstream of the proposed rubber dam. In the 
existing condition this area includes the soft bottom portion of the Santa Ana River with the 
ACOE rip rap levees. 
 

2.5 Riverside Canal Diversion  
 
The Riverside Canal Diversion and pipeline is located within the area impacted by the off-
stream basins.  It is proposed to be located between the desilting basins and recharge basins.  
This area is currently unvegetated. 
  

2.6 Floodplain Mapping 
 
The City of Colton is a participant in the National Flood Insurance Program administered by the 
Federal Emergency Management Agency (FEMA). As a participant in the program, the City has 
adopted regulations for development within the floodplain. The floodplains are shown on flood 
insurance rate maps (FIRMs). The Santa Ana River in the study area is shown on map 
numbers, 06701C8687H and 06071C8691H dated August 28, 2008. Much of the study area lies 
in Zone AE. Zone AE are areas with a one-percent annual chance of flooding where the base 
flood elevation (BFE) are known. The BFE for the study area ranges from 924 NGVD at the 
southern end of the City of Colton property to 948 NGVD at the upstream end of the in-stream 
impoundment. Portions of the project area also contain a floodway. Figure 4 shows the FEMA 
flood zones for the Study area. 
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2.7 Storm Water Quality  
 
Storm water quality is a significant concern in Southern California. This section discusses typical 
pollutants found in storm water runoff and discusses the types of contaminants that may be 
found in existing storm water runoff as well as specific water quality data for the area.  
 
2.7.1 Nonpoint Source Pollutants 
 
A net effect of urbanization can be to increase pollutant export. However, an important 
consideration in evaluating storm water quality from the project is to assess if it impairs the 
beneficial use to the receiving waters. Nonpoint source pollutants have been characterized by 
the following major categories in order to assist in determining the pertinent data and its use. 
Receiving waters can assimilate a limited quantity of various constituent elements, however 
there are thresholds beyond which the measured amount becomes a pollutant and results in an 
undesirable impact. Background of these standard water quality categories provides an 
understanding of typical urbanization impacts. 
 

Sediment – Sediment is made up of tiny soil particles that are washed or blown into 
surface waters. It is the major pollutant by volume in surface water. Suspended soil 
particles can cause the water to look cloudy or turbid. The fine sediment particles also 
act as a vehicle to transport other pollutants including nutrients, trace metals, and 
hydrocarbons. Construction sites are typically the largest source of sediment for urban 
areas under development.  
 
Nutrients – Nutrients are a major concern for surface water quality. Phosphorous and 
nitrogen are of special concern because they can cause algal blooms and excessive 
vegetative growth. Of the two, phosphorus is usually the limiting nutrient that controls the 
growth of algae in lakes. The orthophosphorous form of phosphorus is readily available 
for plant growth. The ammonium form of nitrogen can also have severe effects on 
surface water quality. The ammonium is converted to nitrate and nitrite forms of nitrogen 
in a process called nitrification. This process consumes large amounts of oxygen, which 
can impair the dissolved oxygen levels in water. The nitrate form of nitrogen is very 
soluble and is found naturally at low levels in water. When nitrogen fertilizer is applied to 
lawns or other areas in excess of plant needs, nitrates can leach below the root zone, 
eventually reaching ground water. Orthophosphate from auto emissions also contributes 
phosphorus in areas with heavy automobile traffic. As a general rule of thumb, nutrient 
export is greatest from development sites with the most impervious areas. Other 
problems resulting from excess nutrients are 1) surface algal scums, 2) water 
discolorations, 3) odors, 4) toxic releases, and 5) overgrowth of plants. Common 
measures for nutrients are total nitrogen, organic nitrogen, total Kjeldahl nitrogen (TKN), 
nitrate, ammonia, total phosphate, and total organic carbon (TOC). 
 
Trace Metals – Trace metals are primarily a concern because of their toxic effects on 
aquatic life and their potential to contaminate drinking water supplies. The most common 
trace metals found in urban runoff are lead, zinc, and copper. Fallout from automobile 
emissions is also a major source of lead in urban areas. A large fraction of the trace 
metals in urban runoff are attached to sediment and this effectively reduces the level, 
which is immediately available for biological uptake and subsequent bioaccumulation. 
Metals associated with the sediment settle out rapidly and accumulate in the soils. Also, 
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urban runoff events typically occur over a shorter duration, which reduces the amount of 
exposure, which could be toxic to the aquatic environment. The toxicity of trace metals in 
runoff varies with the hardness of the receiving water. As total hardness of the water 
increases, the threshold concentration levels for adverse effects increases.  
 
Oxygen-Demanding Substances – Aquatic life is dependent on the dissolved oxygen 
(DO) in the water and when organic matter is consumed by microorganisms then DO is 
consumed in the process. A rainfall event can deposit large quantities of oxygen 
demanding substance in lakes and streams. The biochemical oxygen demand of typical 
urban runoff is on the same order of magnitude as the effluent from an effective 
secondary wastewater treatment plant. A problem from low DO results when the rate of 
oxygen-demanding material exceeds the rate of replenishment. Oxygen demand is 
estimated by direct measure of DO and indirect measures such as biochemical oxygen 
demand (BOD), chemical oxygen demand (COD), oils and greases, and total organic 
carbon (TOC). 
 
Bacteria – Bacteria levels in undiluted urban runoff exceed public health standards for 
water contact recreation almost without exception. Studies have found that total coliform 
counts exceeded EPA water quality criteria at almost every site and almost every time it 
rained. The coliform bacteria that are detected may not be a health risk in them, but are 
often associated with human pathogens. 
 
Oil and Grease – Oil and grease contain a wide variety of hydrocarbons some of which 
could be toxic to aquatic life in low concentrations. These materials initially float on water 
and create the familiar rainbow-colored film. Hydrocarbons have a strong affinity for 
sediment and quickly become absorbed to it. The major source of hydrocarbons in urban 
runoff is through leakage of crankcase oil and other lubricating agents from automobiles. 
Hydrocarbon levels are highest in the runoff from parking lots, roads, and service 
stations. Residential land uses generate less hydrocarbons export, although illegal 
disposal of waste oil into storm waters can be a local problem. 
 
Other Toxic Chemicals – Priority pollutants are generally related to hazardous wastes or 
toxic chemicals and can be sometimes detected in storm water. Priority pollutant scans 
have been conducted in previous studies of urban runoff, which evaluated the presence 
of over 120 toxic chemicals and compounds. The scans rarely revealed toxins that 
exceeded the current safety criteria. The urban runoff scans were primarily conducted in 
suburban areas not expected to have many sources of toxic pollutants (with the possible 
exception of illegally disposed or applied household hazardous wastes). Measures of 
priority pollutants in storm water include - 1) phthalate (plasticizer compound), 2) 
phenols and creosols (wood preservatives), 3) pesticides and herbicides, 4) oils and 
greases, and 5) metals. 

 
2.7.2 Physical Characteristics of Surface Water Quality 
 
Standard parameters, which can assess the quality of storm water, provide a method of 
measuring impairment. A background of these typical characteristics assists in understanding 
water quality requirements. The quantity of a material in the environment and its characteristics 
determine the degree of availability as a pollutant in surface runoff. In an urban environment, the 
quantity of certain pollutants in the environment is a function of the intensity of the land use. For 
instance, a high density of automobile traffic makes a number of potential pollutants (such as 
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lead and hydrocarbons) more available. The availability of a material, such as a fertilizer, is a 
function of the quantity and the manner in which it is applied. Applying fertilizer in quantities that 
exceed plant needs leaves the excess nutrients available for loss to surface or ground water. 
 
The physical properties and chemical constituents of water traditionally have served as the 
primary means for monitoring and evaluating water quality. Evaluating the condition of water 
through a water quality standard refers to its physical, chemical, or biological characteristics. 
Water quality parameters for storm water comprise a long list and are classified in many ways. 
In many cases, the concentration of an urban pollutant, rather than the annual load of that 
pollutant, is needed to assess a water quality problem. Some of the physical, chemical or 
biological characteristics that evaluate the quality of the surface runoff are outlined below: 
 

Dissolved Oxygen – Dissolved oxygen in the water has a pronounced effect on the 
aquatic organisms and the chemical reactions that occur. It is one of the most important 
biological water quality characteristics in the aquatic environment. The dissolved oxygen 
concentration of a water body is determined by the solubility of oxygen, which is 
inversely related to water temperature, pressure, and biological activity. Dissolved 
oxygen is a transient property that can fluctuate rapidly in time and space. Dissolved 
oxygen represents the status of the water system at a particular point and time of 
sampling. The decomposition of organic debris in water is a slow process and the 
resulting changes in oxygen status respond slowly also. The oxygen demand is an 
indication of the pollutant load and includes measurements of biochemical oxygen 
demand or chemical oxygen demand. 
 
Biochemical Oxygen Demand (BOD) – The biochemical oxygen demand (BOD) is an 
index of the oxygen-demanding properties of the biodegradable material in the water. 
Samples are taken from the field and incubated in the laboratory at 20o C, after which the 
residual dissolved oxygen is measured. The BOD value commonly referenced is the 
standard 5-day values. These values are useful in assessing stream pollution loads and 
for comparison purposes. 
 
Chemical Oxygen Demand – The chemical oxygen demand (COD) is a measure of the 
pollutant loading in terms of complete chemical oxidation using strong oxidizing agents. 
It can be determined quickly because it does not rely on bacteriological actions as with 
BOD. COD does not necessarily provide a good index of oxygen demanding properties 
in natural waters. 
 
Total Dissolved Solids (TDS) – TDS concentration is determined by evaporation of a 
filtered sample to obtain residue whose weight is divided by the sample volume. The 
TDS of natural waters varies widely. There are several reasons why TDS is an important 
indicator of water quality. Dissolved solids affect the ionic bonding strength related to 
other pollutants such as metals in the water. TDS are also a major determinant of 
aquatic habitat. TDS affects saturation concentration of dissolved oxygen and influences 
the ability of a water body to assimilate wastes. Eutrophication rates depend on total 
dissolved solids. 
 
pH – The pH of water is the negative log, base 10, of the hydrogen ion (H+) activity. A 
pH of 7 is neutral; a pH greater than 7 indicates alkaline water; a pH less than 7 
represents acidic water. In natural water, carbon dioxide reactions are some of the most 
important in establishing pH. The pH at any one time is an indication of the balance of 
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chemical equilibrium in water and affects the availability of certain chemicals or nutrients 
in water for uptake by plants. The pH of water directly affects fish and other aquatic life 
and generally toxic limits are pH values less than 4.8 and greater than 9.2. 
 
Alkalinity – Alkalinity is the opposite of acidity, representing the capacity of water to 
neutralize acid. Alkalinity is also linked to pH and is caused by the presence of 
carbonate, bicarbonate, and hydroxide, which are formed when carbon dioxide is 
dissolved. A high alkalinity is associated with a high pH and excessive solids. Most 
streams have alkalinities less than 200 mg/l and ranges of alkalinity of 100-200 mg/L 
seem to support well-diversified aquatic life. 
 
Specific Conductance – The specific conductivity of water, or its ability to conduct an 
electric current, is related to the total dissolved ionic solids. Long term monitoring a 
project waters can develop a relationship between specific conductivity and TDS. Its 
measurement is quick and inexpensive and can be used to approximate TDS. Specific 
conductivities in excess of 2000 μohms/cm indicate a TDS level too high for most 
freshwater fish. 
 
Turbidity – The clarity of water is an important indicator of water quality that relates to 
the ability of photosynthetic light to penetrate. Turbidity is an indicator of the property of 
water that causes light to become scattered or absorbed. Suspended clays and other 
organic particles cause turbidity. It can be used as an indicator of certain water quality 
constituents such as predicting the sediment concentrations. 
 
Nitrogen (N) – Sources of nitrogen in storm water are from the additions of organic 
matter to water bodies or chemical additions. Ammonia and nitrate are important 
nutrients for the growth of algae and other plants. Excessive nitrogen can lead to 
eutrophication since nitrification consumes dissolved oxygen in the water. Nitrogen 
occurs in many forms. Organic Nitrogen breaks down into ammonia, which eventually 
becomes oxidized to nitrate-nitrogen, a form available for plants. High concentrations of 
nitrate-nitrogen (N/N) in water can stimulate growth of algae and other aquatic plants, 
but if phosphorus (P) is present, only about 0.30 mg/l of nitrate-nitrogen is needed for 
algal blooms. Some fish life can be affected when nitrate-nitrogen exceeds 4.2 mg/l. 
There are a number of ways to measure the various forms of aquatic nitrogen. Typical 
measurements of nitrogen include Kjeldahl nitrogen (organic nitrogen plus ammonia); 
ammonia; nitrite plus nitrate; nitrite; and nitrogen in plants. The principal water quality 
criteria for nitrogen focus on nitrate and ammonia. 
 
Phosphorus (P) – Phosphorus is an important component of organic matter. In many 
water bodies, phosphorus is the limiting nutrient that prevents additional biological 
activity from occurring. The origin of this constituent in urban storm water discharge is 
generally from fertilizers and other industrial products. Orthophosphate is soluble and is 
considered to be the only biologically available form of phosphorus. Since phosphorus 
strongly associates with solid particles and is a significant part of organic material, 
sediments influence concentration in water and are an important component of the 
phosphorus cycle in streams. The primary methods of measurement include detecting 
orthophosphate and total phosphorus. 
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2.7.3 Existing Storm Water Quality 
 
This area of the Santa Ana River is designated as Reach 4 for by the Santa Ana Regional 
Boards’ Basin Plan. The basin plan identifies the following beneficial uses for this reach as 
described in the basin plan:  
 

 Municipal and Domestic Supply (MUN) waters are used for community, military, 
municipal or individual water supply systems. These uses may include, but are not 
limited to, drinking water supply. 

 Groundwater Recharge (GWR) waters are used for natural or artificial recharge of 
groundwater for purposes that may include, but are not limited to, future extraction, 
maintaining water quality or halting saltwater intrusion into freshwater aquifers. 

 Water Contact Recreation (REC 1*) waters are used for recreational activities involving 
body contact with water where ingestion of water is reasonably possible. 

 These uses may include, but are not limited to, swimming, wading, water-skiing, skin 
and scuba diving, surfing, whitewater activities, fishing and use of natural hot springs. 

 Non-contact Water Recreation (REC 2*) waters are used for recreational activities 
involving proximity to water, but not normally involving body contact with water where 
ingestion of water would be reasonably possible. These uses may include, but are not 
limited to, picnicking, sunbathing, hiking, beachcombing, camping, boating, tidepool and 
marine life study, hunting sightseeing and aesthetic enjoyment in conjunction with the 
above activities. 

 Warm Freshwater Habitat (WARM) waters support warmwater ecosystems that may 
include, but are not limited to, preservation and enhancement of aquatic habitats, 
vegetation, fish and wildlife, including invertebrates. 

 Wildlife Habitat (WILD) waters support wildlife habitats that may include, but are not 
limited to, the preservation and enhancement of vegetation and prey species used by 
waterfowl and other wildlife. 

 Spawning, Reproduction and Development (SPWN) waters support high quality aquatic 
habitats necessary for reproduction and early development of fish and wildlife.  

 
Reach 4 is listed on the 2010 303(d) list of impaired water bodies by the California State Water 
Resources Control Board as being impaired by Pathogens from a non-point source and 
salinity/TDS/chlorides from unknown sources. Based on the 2010 303(d) list the board will be 
developing a total maximum daily load (TMDL) to address pathogens and salinity in 2019. 
 
During the late summer months, when there is the least inflow of high quality rainfall water, the 
baseflow Santa Ana River water may be comprised of almost entirely of discharges from 
wastewater treatment plants. Although these treatment plant operators are required to meet 
state treatment standards, the baseflow is high in total dissolved solids (TDS), nitrogen, and 
other constituents at times. 
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3. Proposed Project 
 
An initial dam location alternatives analysis was conducted to determine the most suitable 
location for the alignment of the dam. Factors that were considered in the analysis included 
potential recharge capacity and area of the on-channel basin, cost of construction of the dam 
and pipe works, impacts on riparian habitat, distance from off-channel recharge basins, and the 
stability of the dam. RPU ultimately selected the dam alignment located adjacent to the northern 
most. This Alternative allows for shallower recharge basins (minimum depth = 6 feet, maximum 
depth = 11 feet).  
 

3.1 Project Description 
 
The Riverside North Aquifer and Storage Recovery Project are characterized by fivemain 
components that would be developed as part of project implementation; refer to Figure 5 
Proposed Project. The individual components are summarized in Table 2 and further detailed 
below: 
 

Table 2: Components of the Proposed Project 

 
Component Proposed Features to be Constructed Size 

(approx.) 
In-Stream Recharge  Rubber inflatable dam measuring 810 feet wide by 6 feet tall 

 6,290 acre-feet (average) of annual recharge (excludes off-
stream recharge) 

 100 ft. of rip rap energy dissipater 

 2000 LF of modified or replaced levees (if necessary) 

 3,700 LF of grout curtains/sheet pilings in ACOE levees 
upstream of the rubber dam (if necessary) 

 Diversion ,42-inch reinforced concrete pipe (RCP) structure 
connecting impoundment area to recharge basins and 
Riverside Canal Pipeline 

 Peak surface flow for recharge is 36 cfs 

24 acres 

Off-stream 
Recharge 

 Approximately 3,874 acre-feet (average) of annual recharge 

 Desilting facility 

 3 to 8  sequential basins ranging from 6 to 11 feet deep 

 Outlet pipeline  

 Peak surface flow for recharge is 63 cfs 

25 acres 

Riverside Canal 
Diversion  

 3,860 acre-feet (average) of diversion 

 Conveyance facilities 

- 

State Water Project 
(SWP) Pipeline 

 3,500 LF of 36-in. pipeline, pumps, and valves connecting 
basins to SWP pipeline 

- 

Utility Crossing  42-in. steel casing across the Santa Ana River - 
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3.1.1 In-Stream Recharge Component 
The “In-Stream” Recharge Component would be constructed within the Santa Ana River 
channel. This component would provide opportunities for groundwater recharge to occur within 
the Santa Ana River channel as water is impounded behind an inflatable dam. To accomplish 
this, the project proposes the construction of an Obermeyer inflatable dam across the Santa  
Ana River channel. The dam could be raised and lowered depending on the amount of water 
flowing down the river. Current project concepts indicate that the proposed dam would span 
approximately 810 feet across the Santa Ana River and dam height is expected to be 6 feet. For 
planning purposes, the area anticipated to be covered by water impounded behind the inflatable 
dam is approximately 24 acres. The proposed rubber dam at this location would result in 6,290 
acre-feet average annual recharge volume or three (3) feet of infiltration per day. Figure 5: 
Proposed Project, identifies a preliminary alignment option for this project component. 

 

The installation of the inflatable dam on the Santa Ana River would take approximately four to 
six months including design, manufacturing, and construction. Access for construction will be 
taken off of Mt. Vernon. Impacts from construction (temporary and/or permanent) will extend 
approximately 100 feet from the dam location (50 feet on either side of the dam). In addition to 
construction of the inflatable dam, other project design features that would be required as part of 
the In-Stream Recharge component of the project include the following: 

 

 Removal/ Reconstruction of approximately 2,000 lineal feet of new levees, if necessary 

 Modification of approximately 3,700 lineal feet of Army Corps of Engineers levees (if 
necessary) upstream of the proposed dam location. The grout curtain would minimize 
the potential for levee failure due to increased ponding time from the on channel basin. 
The ACOE levees were designed for flood control. A flood control condition does not 
provide long-term standing water adjacent to the levee (unlike the recharge scenario 
where the basin would impound water at least 6 months per year). If the levee is 
saturated, there is high potential for levee failure to seepage and piping. The grout 
curtain would minimize this potential; 

 Construction of a water diversion structure through the west levees north of the 
proposed recharge basins; and 

 Miscellaneous rip-rap/ energy dissipater devices downstream of the proposed dam 
location to reduce the potential for erosion at the base of the dam structure. For planning 
purposes, the project assumes approximately 100 feet downstream of the proposed dam 
structure would be required to accommodate these materials/ devices. 

 

3.1.2 Off-Stream Recharge Component 
 

As proposed, the project would construct groundwater recharge basins on the west side of the 
river, behind the existing levees currently forming the river’s western edge. When the proposed 
dam is fully inflated, the water impounded behind the dam would be diverted into the proposed 
off-stream recharge basins through a 42-inch reinforced concrete pipe, as mentioned above, to 
replenish the groundwater aquifer within the Colton/Riverside groundwater basin. The diversion 
structure may require modification of the western levee north of the proposed basin area and 
approximately 100 feet upstream of the dam. The preliminary design of the groundwater 
recharge basins involve between 3 and 8 individual recharge basins arranged sequentially 
encompassing approximately 25 acres. It is anticipated that the depths of these basins would 
range from 6 to 11 feet in depth and be connected in series with pipes, open channels, and gate 
structures. 
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The northernmost off-channel basin would be used as a desilting basin. Water would flow 
initially through this basin before entering the remaining recharge basins. An onsite local 
ephemeral drainage is tributary to the desilting basins. The project will intercept this local 
drainage and either infiltrate the runoff or discharge it to the Santa Ana River. To ensure that the 
basins do not overflow and impact adjacent areas, an outlet pipe within the southernmost basin 
would connect back into the Santa Ana River, allowing conveyance of overflow water back into 
the river.  
 
3.1.3 Other Project Components 
 
State Water Project Pipeline 
 
The State Water Project component of the proposed project includes the construction of 
conveyance facilities (36-inch diameter pipeline, pumps, and valves) to connect the proposed 
groundwater recharge basins to the State Water Project turnout located on the east bank of the 
river channel, south of the Union Pacific Railroad right-of-way. Figure 5: Proposed Project, 
identifies a preliminary alignment option for this project component. It is anticipated that this 
project component would cross the river approximately 150 feet upstream of the inflatable dam 
location, or another suitable location depending on design refinement. Although this project 
component will provide the opportunity to use State Water Project water for groundwater 
recharge, the project is not proposing to recharge imported water. At a later date, if Riverside 
wishes to recharge imported water, it will enter into an agreement with the State Water Project 
and comply with any and all necessary regulations and requirements. Recharge of imported 
water is not being proposed at this time; however, the extension of the SWP pipeline as a future 
option is included. 
  
Diversion to Riverside Canal 
 

As previously stated, the project would construct conveyance facilities to divert a portion of the 
water impounded behind the dam into the existing Riverside Canal pipeline.  A single diversion 
structure would be used for the diversions to the off-stream recharge basins and to the 
Riverside Canal pipeline.  It is likely that all water diverted from the Santa Ana River will initially 
flow through the desilting facilities (likely a desilting basin) before being directed to the off-
channel recharge basins or the Riverside Canal pipeline.   
 
 
Utility Crossing 
 
As part of the dam construction, the project would include the placement of a 42-inch diameter 
steel casing across the Santa Ana River, located beneath the inflatable dam. This casing would 
contain multiple conduits allowing a utility crossing under the Santa Ana River. 
 
 
3.1.4 Operations and Maintenance 
 
A key to the success of the recharge basins is the maintenance of the facilities. It is anticipated 
that the on channel and off channel basins would be maintained on a regular basis to maintain 
infiltration capacity. The majority of the sediments would remain in the on channel facilities until 
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the rubber dam was lowered. Any sediment entering the diversion pipeline would be removed 
by the desilting basin. The on channel basin is proposed to operate when flows are 1,500 cfs or 
less in the Santa Ana River. When flows are more than 1,500 cfs the dam will be deflated and 
all sediment accumulated behind the dam will be released to the downstream channel. Based 
on the historical record (from the 1966 to 2008 synthesized flow data from Geoscience’s 
Technical Memorandum Geohydrologic Evaluation of the Riverside Aquifer Storage and 
Recovery Project, dated January  2014 ) the flow in the Santa Ana River has exceed 1,500 cfs 
66 times since 1966 which equates to approximately 1.5 times per year. However, due to the 
extreme wet and dry cycles of the Southern California climate, the flowrate is actually rarely 
over 1,500 cfs. In fact, as seen in Figure 6, several years the flowrate never reaches 1,500 cfs. 
Most flows over 1,500 cfs occur during El Nino years and happen several times during the year. 
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Figure 6 : Historical Distribution of All Flows 

 
 
While operation at flowrates up to 1,500 cfs is possible, the combined on and off channel basins 
are only capable of infiltrating 100 cfs based on the assumption that the basins infiltrate a 
uniform rate of 3 feet per day in-stream and 5 feet per day off-stream.  Based on the 
synthesized data, flow is available in the river approximately 208 days per year.  If 100 cfs is 
used as a basis for when flows would begin to be bypassed from the rubber dam, flow would 
continue downstream approximately 41 days (20% of days when flow is available) each year. 
Figure 7 shows the distribution of flows under 100 cfs for the synthesized data. 
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Figure 7: Historic Distribution of All Flows Less Than 1,500 cfs 
 

 
 

3.2 Floodplain Mapping 
 
The proposed project lies in Zone AE with a floodway. The project involves extensive 
excavation for the off channel basins within the floodplain and the construction of a rubber dam 
diversion, control house, utility crossings, outlet structure and levees within the floodplain and/or 
floodway see Figure 8 for impact areas. 
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3.3 Storm Water Quality 
 
The general water quality of the project site is expected to temporarily deteriorate as a result of 
the proposed project. The project involves the excavation of approximately 400,000 cubic yards 
of soil for the recharge basins and will also include construction within the river for rubber dam, 
utility corridor, SWP pipeline, and the levee. The property owner immediately to the west of the 
project site abutting the Santa Ana River has expressed an interest in accepting up to 300,000 
cubic yards of this export, which, it is expected, would raise a large portion of this neighboring 
property out of the FEMA floodplain.  Therefore, the excavation of the proposed basins would 
essentially improve land within the area that may otherwise not be built or developed in the 
foreseeable future based on the large cost of importing this quantity of fill (approximately $3 
million assuming $10 per cubic yard).  In the same manner, the City of Riverside would not need 
to export the full 400,000 cubic yards to a landfill, which would substantially reduce costs 
associated with development of the site.  In addition, by exporting the fill to the neighboring site, 
air, traffic, and noise impacts to the adjacent residential community to the northwest of the 
project site would be substantially reduced, since heavy truck hauling would not need to travel 
through this community. 
 
However, in the long term water quality in the Santa Ana River is expected to improve. Since 
the project proposes to infiltrate all flows under 100 cfs and portions of flows above 100 cfs, 
most pollutants will be removed by infiltration which is a recognized Best Management Practice 
(BMP) for treatment of stormwater as discussed in the County’s Water Quality Management 
Plan Guidance. 
 
The project has the potential to impact downstream channel stability within the Santa Ana River 
due to change in the sediment regime of the river. The operation of the rubber dam will impound 
both water and sediment when the rubber dam is in operation. The impoundment of the 
sediment could create a hydrologic condition of concern which would have to be addressed as 
documented in County’s Water Quality Management Plan Guidance. 
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4. Impacts  
 
The proposed Riverside North Aquifer and Storage Recovery Project will have impacts to 
hydrology and water quality as a result of the construction of the on- and off-stream recharge 
basins, and other project components. These impacts are considered significant if not mitigated. 
The following section discusses the impacts on hydrology, floodplain and storm water quality.  
 

4.1 Hydrology and Drainage Impacts 
 
The proposed project has several components which will impact existing hydrology and 
drainage patterns in different ways. 
 
4.1.1 On-stream Impacts 
 
The construction of the on-stream basin which includes the rubber dam and associated 
foundation as well as the grout curtain improvements to the ACOE levees would alter 
downstream hydrology and drainage patterns. The rubber dam is expected to be in operation 
and diverting flows from the Santa Ana River when flows are at or below 1,500 cfs. However, 
the recharge basins area limited by their ability to recharge the diverted water and once basins 
are full, the diversion will be limited to the recharge capacity 100 cfs for both the on-stream (3 
ft/day) and off-stream recharge basins ( 5 ft/day). 
 
As shown in Figure 7, flows over 100 cfs occur 41 times per year based on the flow models. The 
flow models show that during only 57.1% of days (208 days of flow) is there flow above 1 cfs in 
the model. Of the flows exceeding 1 cfs, the flows are 100 cfs or less approximately 80% of the 
time. Therefore, approximately 20% of the time some flow will bypass the rubber dam and will 
continue downstream to Prado Dam. This will result in changed downstream hydrology for more 
frequent storm events. 
 
In southern California, the more frequent storm events (2- to 10-year) are generally considered 
the channel forming flows (flows that impact deposition and erosion). The 2-year (~50,000 cfs) 
and10-year (~86,000 cfs) flowrates in this portion of the Santa Ana River is approximated based 
on point rainfall ratios available in the NOAA 2 Atlas for the Precipitation Frequency Atlas of the 
Western United States.  Therefore, diversions of flows 100 cfs or less will likely produce minimal 
impacts to stream stability.  
 
The project proposes to construct a dam on the Santa Ana River, the dam is expected to be 6 
feet high and impound approximately 72 ac-ft of water. The dam is not considered jurisdictional 
by the California Department of Safety of Dams (DSOD) because it is a seasonal impoundment 
for recharge purposes and it is 6 feet. While DSOD does not have any jurisdiction over the 
proposed dam, San Bernardino County Flood Control District and the US Army Corps of 
Engineers have expressed concerns over the potential for the dam to impact flood control 
operations and levee stability within the river.  
 
Since no hydrology, hydraulics, stream stability, or levee stability modeling has been completed 
for the project thus far, the impacts to hydrology and drainage patterns are considered 
significant and require mitigation as discussed in Section 5. 
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4.1.2 Off-stream Impacts 
 
The off-stream basins will intercept the ephemeral drainage (which is also a mapped floodplain) 
and either infiltrate (based on available infiltration capacity) or bypass flows from the local 
watershed through the basins and into the Santa Ana River at the planned outlet location. This 
would result the elimination of runoff onto the adjacent properties and would introduce flow into 
the Santa Ana River upstream from its current discharge point (downstream of the railroad 
crossing). While the flow rate in this area will not significantly impact the 100-year flow in the 
Santa Ana River, it may have a localize impact on channel stability at the outlet.  
 
The outlet will also have flow if the recharge basins need to be drained for maintenance and or 
for emergency purposes. The outlet will introduce flow to the Santa Ana River in an area that 
does not currently receive concentrated flow. This may also have an impact on channel stability. 
Mitigation is recommended in Section 5. 
 
4.1.3 Other Project Component Impacts 
 
State Water Project Pipeline 
 
The State Water Project component of the proposed project includes the construction of 
conveyance facilities (36-inch diameter pipeline, pumps, and valves) to connect the proposed 
groundwater recharge basins to the State Water Project turnout located on the east bank of the 
river channel, south of the Union Pacific Railroad right-of-way. It is anticipated that this project 
component would cross the river approximately 400 feet upstream of the inflatable dam location, 
or another suitable location depending on design refinement. A portion of the pipeline would be 
aligned on the landward side of the levee from the State Water Project Turnout to the point that 
the pipeline would cross the river then the pipeline would be constructed underneath the levees 
(on both sides of the river) via jack and bore construction methods. The pipeline would be 
buried underground and constructed across the river bottom via open trenching to a depth 
below scouring limits. Although this project component will provide the opportunity to use State 
Water Project water for groundwater recharge in the future, the project is not promising to 
recharge water at this time. At a later date, if the project partners wish to recharge imported 
water, they will comply with any and all necessary regulations and requirements. However, the 
extension of the SWP pipeline as a future option is included and addressed in the EIR where 
appropriate. 
 
Diversion to Riverside Canal 
 
Construction of the diversion structure and associated piping will likely result in a minimal 
change in percent impervious because most of the infrastructure is underground.  Therefore, 
impacts to hydrology are considered less than significant and will not require mitigation. 
 
Utility Crossing  
 
The utility crossing would cross the Santa Ana River upstream of the proposed rubber dam in 
an area that will be disturbed as part of the foundation excavation for the dam and/or the 
structural protection (rip rap). There are no expected impacts to the Santa Ana River hydrology 
or drainage patterns from the utility crossing. 
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4.2 Floodplain Impacts 
 
There are possible impacts to the FEMA floodplains.  
 
4.2.1 On-stream Impacts 
 
The on-stream basin will impact both the Zone AE floodplain and floodway. The project may 
require both modification to the existing Corps levees and construction of new levees that has 
the potential to impact both the floodplain and floodway. No hydraulic models have been 
developed as part of the EIR process; therefore, impacts could be significant and will require 
mitigation as described in Section 5.0. 
 
4.2.2 Off-stream Impacts 
 
The off-stream basins are also located in the Zone AE floodplain for the Santa Ana River and 
the Zone AE and floodway for the ephemeral drainage originating from the 10 freeway. Based 
on site visits it appears that this drainage is no longer tributary to the Santa Ana River as shown 
on Figure 6 as there is no evidence of a channel connecting to the Santa Ana River in the 
location shown on the FIRM. The observations from the site visit indicate that the drainage has 
been redirected to cut through the off-stream basins. Potential changes to the floodplain and 
floodway are a significant impact and will require mitigation as discussed in Section 5.0. 
 
4.2.3 Other Project Component Impacts 
 
State Water Project 
 
The SWP pipeline alignment is mostly outside of the Santa Ana River floodplain except where it 
crosses the river upstream of the rubber dam. Since the pipeline will be constructed below the 
ground surface, it will not impact the flood plain and no mitigation is required. 
 
Riverside Canal Diversion 
 

The construction of the diversion structure and pipeline will likely involve minimal above ground 
features.  Therefore, this portion of the project will not impact the flood plain and no mitigation is 
required. 

 
Utility Crossing  
 
The utility is located in the Santa Ana River upstream of the rubber dam. Since the crossing will 
be constructed below the ground surface, it will not impact the flood plain and no mitigation is 
required. 
 

4.3 Water Quality Impacts 
 
The project has the potential to impact stormwater quality. The project has been identified as a 
category project because it is located adjacent to the 303(d) listed Reach 4 of the Santa Ana 
River. The river is impaired by Pathogens and Salinity within this reach.  
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The project would include impacts due to construction, post-construction, and operation of the 
different components. 
 
4.3.1 Construction 
 
Due to construction and associated earth moving there will be additional impacts to storm water 
quality. Construction all components of the project have the potential to produce typical 
pollutants such as nutrients, heavy metals, pesticides and herbicides, toxic chemicals related to 
construction and cleaning, waste materials including wash water, paints, concrete, food 
containers, and sanitary wastes, fuel, and lubricants. Impacts to water quality due to 
construction are significant if not mitigated. Table 3 lists the typical construction activity 
pollutants.  
 

Table 3: Typical Construction Activity Pollutants 

 

Construction 
Practices Sediment Nutrients Trace 

Metals Pesticides 
Oil, 

Grease, 
Fuels 

Other 
Toxic 

Chemicals 
Misc. 

Wastes 

Dewatering 
Operations 

X     X  

Paving Operations X   X X X X 

Structure 
Construction 

  X   X X 

Material Delivery 
and Storage 

X X X X X X  

Material Use  X X X X X  

Solid Waste X X     X 

Concrete Waste       X 

Sanitary/Septic 
Waste 

      X 

Vehicle/Equipment 
Fueling 

     X X 

Vehicle/Equipment 
Management 

     X X 

Vehicle/Equipment 
Maintenance 

     X X 

 
Depending on the construction timing, dewatering operations may be required if the excavation 
for either the rubber dam foundation or the off-stream basin encounters groundwater. The 
dewatering process will involve sediment removal and treatment of discharge to minimize 
pollutants in stormwater.  
 
4.3.2 Post Construction and Operations 
 
The post construction and operations impacts vary depending on the project component. The 
following section describes the post construction water quality impacts for each component. 
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On-stream Impacts 
 
The on-stream recharge basin will have two distinct impacts on the stormwater quality within 
Reach 4 of the Santa Ana River. Because the basin will infiltrate flows less than 100 cfs and 
portions of flows between 100 and 1,500 cfs, the water quality in the area is expected to 
improve. In fact, the project should help the regional board meet TMDL requirements because 
infiltration is an effective method of removing pathogens from receiving waters. The removal of 
water from the Santa Ana River is also an effective way of removing salinity from Reach 4.  
Therefore, the project would provide a beneficial impact to the pathogen and salinity pollutant of 
concern. 
 
The infiltration of the recharge basin provides good removal rates for most pollutants including 
sediment. The removal of too much sediment from a stream can result in downstream instability 
and degradation which by definition in the County’s guidance would create a hydrologic 
condition of concern. While sediment will not be removed from the river, the impoundment will 
alter the sediment regime of the river and may cause downstream instability. Since no stream 
stability analysis has been prepared, the impact is considered significant but can be addressed 
with mitigation as described in Section 5.0. 
 
Maintenance of the on-stream basin has the potential to impact sediment levels within the river. 
Removals of sediments would negatively impact the downstream channel stability. 
 
Off-stream Impacts 
 
The off-stream recharge basins are expected to benefit water quality within the watershed 
through infiltration pollutants will be removed. This portion of the project will help remove 
pathogens from the Santa Ana River Reach 4. 
 
The outlet to the Santa Ana River has the potential to impact the local stability of the Santa Ana 
River. Mitigation is required. 
 
4.3.3 Other Project Component Impacts 
 
State Water Project Pipeline 
 
The SWP pipeline is not expected to have an impact on stormwater quality as it a water line that 
may in the future be used for recharge in the off-stream basins.  
 
Riverside Canal Diversion 
 
The diversion and pipelines will not impact stormwater quality in the future as there are very little 
surface features.  Therefore, no mitigation is required. 
 
Utility Crossing  
 
The utility crossing is not expected to have any post-construction impacts to water quality. 
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5. Proposed Mitigation and Recommendation 
 
Mitigation is required to reduce impacts due to the development of the Riverside North Aquifer 
and Storage Recovery Project. The following section discusses hydrology, stream stability, 
floodplain and storm water quality mitigation measures that will need to be addressed to bring 
the proposed impacts to a less than significant level. 
 

5.1 Hydrology and Drainage 
 
5.1.1 On-stream Impacts 
 
Impacts to hydrology and drainage patterns are significant and require mitigation. The mitigation 
recommended includes a stream stability study utilizing the synthesized flowrates developed as 
part of the preliminary design. The study must address the impacts to historical flowrate, 
hydraulics and sediment regimes based on the proposed operational procedures. Should the 
study identify that the proposed operations promote erosion downstream of the river; 
operational changes would be required to determine the optimal operation for both groundwater 
recharge and downstream channel stability.  The study must be completed prior to issuance of a 
grading permit and must be reviewed and approved by the City of Colton and the San 
Bernardino County Flood Control District. 
 
The project also will require an encroachment permit for the dam and levee construction from 
the San Bernardino County Flood Control District. 
 
The project will include an encroachment permit from the US Army Corps of Engineers for the 
construction of the grout curtain within the levees. 
 
5.1.2 Off-stream Impacts 
 
Impacts to hydrology and drainage patterns area significant and require mitigation. The 
mitigation for the off-stream includes preparation of drainage hydrology study that analyzes the 
flowrate of the tributary ephemeral drainage and proposed methods of minimizing erosion at the 
basin outlet.  The study must be completed prior to issuance of a grading permit and must be 
reviewed and approved by the City of Colton. 
 
The project will require an encroachment permit from the San Bernardino County Flood Control 
District. 
 
5.1.3 Other Project Component Impacts 
 
State Water Project Pipeline 
 
The SWP Pipeline is not expected to cause any impacts to hydrology or drainage patterns. 
However, construction will require an encroachment permit from the San Bernardino County 
Flood Control District. 
 
Riverside Canal Diversion 
 
No mitigation is required for the diversion facilities. 
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Utility Crossing  
 
The utility crossing is not expected to cause any impacts to hydrology or drainage patterns. 
However, construction will require an encroachment permit from the San Bernardino County 
Flood Control District. 
 
 

5.2 Floodplain 
 
Several of the floodplain mitigation measures are similar for the project components. The most 
effective means of updating floodplain analysis would be to submit one revision request for the 
entire project. However, due to construction timing requirements, individual revisions may be 
pursued. 
 
5.2.1 On-stream Impacts 
 
The on-stream component impacts the Zone AE floodplain and floodway of the Santa Ana 
River. Mitigation for proposed floodplain impacts includes the following: 
 
Obtain a Conditional Letter of Map Revision (CLOMR) prior to issuance of a grading permit. 
Obtain a Letter of map Revision (LOMR) including levee certification prior to commencing 
operations. 
 
5.2.2 Off-stream Impacts 
 
The off-stream component impacts the Zone AE floodplain for the Santa Ana River and the 
Zone AE floodplain and floodway for the ephemeral drainage. Mitigation for proposed floodplain 
impacts includes the following: 
 
Obtain a Conditional Letter of Map Revision (CLOMR) prior to issuance of a grading permit. 
Obtain a Letter of map Revision (LOMR) prior to commencing operations. 
 
5.2.3 Other Project Component Impacts 
 
State Water Project 
 
No mitigation is required for the SWP Pipeline construction. 
 
Riverside Canal Diversion 
 

No mitigation is required for the diversion structures. 

 
Utility Crossing  
 
No mitigation is required for the utility crossing construction. 
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5.3 Water Quality  
 
Water quality impacts for most of the components require mitigation for construction and post 
construction and operations.  
 
5.3.1 Construction 
 
Mitigation for construction is required for the following components: 
 

 On-stream Impacts 

 Off-stream Impacts 

 State Water Project 

 Riverside Canal Diversion 

 Utility Crossing  
 
Mitigation for water quality impacts is recommended following the guidelines from the State 
NPDES Construction Permit. The following sections describe recommended Best Management 
Practices (BMP’s) for the proposed project. 
 
If the disturbed areas are more than 1-acre: 
 

 Applicants shall prepare and submit a Notice of Intent (NOI) to comply with the 
Construction General Permit 2009 to the California State Water Resources Board. 

 Applicants shall prepare a Storm Water Pollution Prevention Plan (SWPPP) per 
requirements of the Construction General NPDES Permit 2009. 

 Dewatering activities may require regional board permit. 
 
If the disturbed areas are less than 1-acre: 
 

 Prepare erosion control plan. 

 Dewatering activities may require regional board permit. 
 
Completion of the above mitigation measures would reduce water quality impacts to a less than 
significant level. The following sections discuss appropriate BMPs for use on the project. 
 
Construction Erosion Controls Mitigation 
 
Construction controls are separated from the rest of the water quality management because the 
measures are temporary and specific to the type of construction. Construction of a project such 
as Riverside North Aquifer and Storage Recovery Project typically produces potential pollutants 
such as sediments, nutrients, heavy metals, pesticides and herbicides, toxic chemicals related 
to construction and cleaning, waste materials including wash water, paints, wood, paper, 
concrete, food containers, and sanitary wastes, fuel, and lubricants.  
 
As part of its compliance the NPDES requirements, a Notice of Intent (NOI) may need to be 
prepared and submitted to the California State Water Resources Control Board providing 
notification and intent to comply with the State of California general permit. Prior to construction, 
a Storm Water Pollution Prevention Plan (SWPPP) must be completed for the construction 
activities onsite. A copy of the SWPPP must be available and implemented at the construction 
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site at all times. The SWPPP outlines the source control and/or treatment control BMPs that will 
avoid or mitigate runoff pollutants at the construction site to the “maximum extent practicable. 
 
These requirements are summarized as follows: 
 

 Notice of Intent: The NOI certifies that the applicant will comply with conditions in the 
statewide general NPDES permit. It is not a permit application and does not require 
approval, although an annual fee must be submitted with it. 

 

 Stormwater Pollution Prevention Plan: The SWPPP is directed toward construction staff; 
it describes erosion and runoff control measures to be used during and after 
construction, and a plan to inspect and maintain these control measures. The SWPPP 
may be revised during construction in response to changed conditions, or if the properly 
installed BMPs are ineffective in preventing sediment transport off the site. Revisions to 
the SWPPP are also required if there are changes in activities which could result in a 
significant amount of pollutants discharged in stormwater. 

 

 Notice of Termination: The State Board must be notified (via a Notice of Termination 
form) once construction is complete. It must also be notified if a change of ownership 
occurs during construction. In this case, a revised NOI must be submitted, and the 
SWPPP must be revised by the new owner to reflect any changes in construction 
conditions.  

 
Construction project proponents may request to be placed under individual NPDES permits 
rather than the general permit. The Regional Board may issue individual stormwater NPDES 
permits to construction projects when more stringent controls are necessary to protect water 
quality. As noted above, individual construction projects may also be regulated under a 
municipality's NPDES management program. 
 
The following are additional construction BMP’s for the site, from the California Storm Water 
Best Management Practice Handbook - Construction Activity: 
 

NS-2 Dewatering Operations – This operation requires the use of sediment controls to 
prevent or reduce the discharge of pollutant to storm water from dewatering operations. 

 
NS-3 Paving and Grinding Operations – Prevent or reduce the runoff of pollutant from 
paving operations by proper storage of materials, protecting storm drain facilities during 
construction and training employees.  

 
NS-8 Vehicle and Equipment Cleaning – Use off-site facilities, or wash in designated 
areas to reduce pollutant discharge into the storm drain facilities. 

 
NS-9 Vehicle and Equipment Fueling – Use off-site facilities, or designated areas with 
enclosing or coverings to reduce pollutant discharge into the storm drain facilities. 

 
NS-10 Vehicle and Equipment Maintenance – Use off-site facilities or designated 
areas with enclosing or coverings to reduce pollutant discharge into the storm drain 
facilities. In addition run a “dry site” to prevent pollution discharge into storm drains. 
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WM-1 Material Delivery and Storage – Minimize the storage of hazardous materials 
onsite. If stored onsite keep in designated areas, install secondary containment, conduct 
regular inspections and train employees. 

 
WM-2 Material Use – Prevent and reduce the discharge of pesticides, herbicides, 
fertilizers, detergents, plaster, petroleum products and other hazardous materials from 
entering the storm water.  

 
WM-5 Solid Waste Management – This BMP describes the requirements to properly 
design and maintain trash storage areas. The primary design feature requires the 
storage of trash in covered areas. 

 
WM-6 Hazardous Waste Management – This BMP describes the requirements to 
properly design and maintain waste areas.  

 
WM-8 Concrete Waste Management – Prevent and reduce pollutant discharge to 
storm water from concrete waste by performing on and off-site washouts in designated 
areas and training employees and consultants. 

 
WM-9 Sanitary/Septic Water Management – Provide convenient, well-maintained 
facilities, and arrange regular service and disposal of sanitary waste. 

 
EC-2 Preservation of Existing Vegetation – Minimize the removal of existing trees and 
shrubs because they serve as erosion control. 

 
EC-3 Hydraulic Mulch – Hydraulic mulch consists of applying a mixture of shredded 
wood fiber or a hydraulic matrix, and a stabilizing emulsion or tackifier with hydro-
mulching equipment, which temporarily protects exposed soil from erosion by raindrop 
impact or wind. 

 
EC-4 Hydroseeding – Hydroseeding typically consists of applying a mixture of wood 
fiber, seed, fertilizer, and stabilizing emulsion with hydromulch equipment, to temporarily 
protect exposed soils from erosion by water and wind. 

 
WE-1 Wind Erosion Control - Wind erosion or dust control consists of applying water 
or other dust palliatives as necessary to prevent or alleviate dust nuisance generated by 
construction activities. 

 
TR-1 Stabilized Construction Entrance/Exit – A stabilized construction access is 
defined by a point of entrance/exit to a construction site that is stabilized to reduce the 
tracking of mud and dirt onto public roads by construction vehicles. 

 
TR-2 Stabilize Construction Roadway – All on-site vehicle transport routes should be 
stabilized immediately after grading and frequently maintained to prevent erosion and 
control dust. 

 
SE-1 Silt Fence – Composed of filter fabric, which has been entrenched, attached to 
support poles and sometimes backed by wire fence support. Silt fences promote 
sedimentation behind the fence of sediment-laden water. 
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SE-3 Sediment Trap – A sediment trap is a small, excavated or bermed area where 
runoff for small drainage areas can pass through allowing sediment to settle out.  

 
SE-8 Sand Bag Barriers – By stacking sand bags on a level contour, creates a barrier 
to detain sediment-laden water. The barrier will promote sedimentation. 

 
SE-9 Straw Bale Barrier – Place straw bales end to end in a level contour in a shallow 
trench and stake them in place. The bales will detain runoff and promote sedimentation. 

 
5.3.2 Post Construction and Operations 
 
Because the project is adjacent to a 303(d) listed reach of the Santa Ana River and more than 
2,500 sq. feet of impervious will be added to the site, the project is considered a category 6 
project by the County’s Water Quality Management Plan Guidance dated May 1, 2012. 
Therefore the project and or the following components will need to prepare a Water Quality 
Management Plan (WQMP) prior to issuance of a grading permit in accordance with county 
guidelines: 
 

 On-stream Impacts 

 Off-stream Impacts 

 State Water Project 

 Utility Crossing  

 Riverside Canal Diversion 
 
The WQMP(s) will be required to address the following according to the County WQMP 
guidance: 
 

 Determine if the project will create a Hydrologic Condition of Concern (HCOC) based on 
Section 2.3 and implement HCOC stream stability studies if required. 

 Incorporate and implement Site Design BMPs as specified in Section 2.5.1. Justification 
is required for any Site Design BMPs not incorporated into the Project. 

 Incorporate and implement all Source Control BMPs as specified in Section 2.5.2, unless 
not applicable to the project due to project characteristics. Justification is required for 
any Source Control BMP not incorporated into the project. 

 Either incorporate and implement Treatment Control BMPs as specified in Section 2.5.3, 
by including a selection of such BMPs into the project design; or participate in or 
contribute to an approved regional-based treatment program as specified in Section 3. 
Site Design and Source Control BMPs as specified in Sections 2.5.1 and 2.5.2 are 
required for projects participating in regional-based treatment programs.  

 The combination of Site Design, Source Control and/or Treatment Control BMPs or 
Regional-based treatment program must address all identified pollutants and hydrologic 
conditions of concern. 
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GEOHYDROLOGIC EVALUATION OF THE 

RIVERSIDE NORTH AQUIFER STORAGE AND RECOVERY PROJECT 

 

1.0 INTRODUCTION 

The Riverside North Aquifer Storage and Recovery Project (RNASRP) is an aquifer recharge and recovery 

project planned to capture surface run-off from the Santa Ana River (SAR) and its tributaries which is 

tributary to the project area, an area which is below the confluence of the SAR and Warm Creek (see 

Figure 1).  The project will allow peak surface flows to continue downstream.  The project has been 

planned and supported by the City of Riverside Public Utilities Department, Western Municipal Water 

District, and the San Bernardino Valley Municipal Water District (collectively the “Project Patrners”).  

Surface water at flows less than or equal to 1,500 cubic feet per second (cfs) will be retained for in-

stream infiltration and aquifer recharge by an inflatable dam located in the City of Colton, approximately 

1.5 miles south of the interchange between the Interstates 215 and 10 (see Figure 2).  In addition to in-

stream recharge, the RNASRP will include a diversion structure to: 1) convey surface water to an off-

stream recharge facility on two parcels owned by the City of Riverside and located immediately west of 

the SAR (see Figure 2); and 2) convey up to 100 cfs of surface water to the Riverside Canal pipeline 

located within the project area (see Figure 2). 

 

A portion of the surface water recharged through the RNASRP in-channel and off-channel facilities will 

be recovered by the City of Riverside, City of Colton, and Riverside Highland Water Company through 

existing wells adjacent to and downstream of the project location.   

 

1.1 Purpose and Scope 

The purpose of this technical memorandum is to characterize the hydrologic and groundwater 

conditions at the RNASRP project area, to assess the impact of the operation of in-channel and off-

channel recharge facilities on the groundwater conditions in the vicinity of the site, and to characterize 

the surface water flow conditions that will occur at the Rialto Drain located approximately 2.8 miles 

downstream of the project area as a result of operation of the rubber dam.  The information presented 

herein is to be considered in the design specifications for the recharge area.  Specifically, the purpose of 

this technical memorandum is to: 

• Characterize the existing groundwater conditions beneath the RNASRP area; 

• Evaluate the potential available surface water at the project area for wet, average, and dry 

hydrologic conditions without the project (i.e. no project conditions);  
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• Evaluate the potential recharge and diversions associated with the RNASRP for wet, average, 

and dry hydrologic conditions under future conditions (i.e. operation of RNASRP in the future );  

• Evaluate the impacts to the groundwater system considering planned groundwater recharge 

and pumping for the project area; 

• Evaluate the frequency of surface flow downstream of the project as a result of project 

operation; 

• Characterize the contribution of source water in surface flows at the MWD Crossing;  

• Evaluate the impacts to surface water quality from capture of surface water at the project area; 

• Evaluate previous water rights claims on the SAR and for tributaries to the SAR upstream of the 

project area; and 

• Review of estimates of the relative percentage of surface water flows from the tributary creeks 

to the SAR upstream of the “E” Street gaging station. 

The scope of work for this investigation included: 

� Data collection of groundwater levels and groundwater quality information; 

� Review of available geohydrologic data and relevant documents in the vicinity of the project 

area;
1
 

� Review of the Percentage of Estimated Tributary Flows to the Project Area Prepared by the 

City of Riverside; 

� Construction of a GIS base map containing geologic units, structural features, groundwater 

elevations, and groundwater quality;  

� Preparing a groundwater model to simulate local groundwater pumping with in-channel and 

off-channel recharge; 

                                                           

1
  Tabulation of Existing Water Rights from published information of the State Water Resources Control 

Board, Division of Water Rights. 
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� Evaluation of potential impacts on groundwater resources from the construction of the 

project.  Evaluation of potential downstream impacts on surface water quality from the 

construction of the project; 

� Calculation of Flow Frequency of flows between 60 cfs and 260 cfs at the project during the 

Period 1966-2012; 

� Characterization of the contributing sources of water at the MWD Crossing. 

 

1.2 Location of Project Area 

The general project area is located in Township 1 South, Range 4 West in portions of Sections 28 and 29 

which lie in the northern portion of Riverside Basin and the southern portion of the Rialto-Colton Basin, 

in the City of Colton, San Bernardino County, California (see Figure 1).  The project consists of recharging 

surface flows in the SAR within a proposed in-channel basin and diversions of surface flows to 

off-channel recharge basins and to the Riverside Canal.   

 

The in-channel recharge basin will be created by the construction of an inflatable dam across the SAR 

channel approximately 1.5 miles south of the interchange between the Interstates 215 and 10.  The 

recharge basin formed by the containment of surface flow behind the inflatable dam will occupy a 

surface area in the active SAR channel of approximately 24 acres with a 6-foot inflatable dam height at 

elevation 926 feet above mean sea level (amsl) (see Figure 2).  The top of the rubber dam will be 

approximately 810 ft in length across the SAR. 

 

The off-channel recharge facility will occupy an area of approximately 25 acres of active recharge area 

on the west side of the SAR and the facility will be at an elevation of 928 ft amsl.  The location and a 

preliminary lay-out of the off-channel recharge basins are shown on Figure 2.  

 

The project partners plan to divert up to 100 cfs of surface water from the SAR to the Riverside Canal 

when surface flows exceed the capacity of the in-channel and off-channel recharge facilities 

(approximately 100 cfs).  The location of the diversion structure will be up-gradient of the inflatable dam 

location.  The location of the Riverside Canal in the vicinity of the project site is shown on Figure 2.   

 

This report provides an analysis of potential recharge in a basin created by an inflatable dam at elevation 

926 ft amsl combined with off-channel recharge basins.  In addition, this report provides an analysis of 

potential diversions to the Riverside Canal and an estimate of the volume of water that will remain in 
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the SAR downstream of the RNASRP near the Rialto Drain and potential impacts to water quality 

downstream from the capture of surface water.   

       

1.3 Sources of Data 

The following sources of information were used: 

� Groundwater elevations recorded by San Bernardino Valley Municipal Water District (Valley 

District) EQUIS© Database; 

� United States Geological Survey (USGS) Water Supply Paper 1419 (Dutcher & Garrett, 1963); 

� California Department of Public Works, DPW 1934. Bulletin No. 45; 

� Water quality from the Valley District EQUIS© Database;  

� Regulatory programs supervised by the Santa Ana Regional Water Quality Control 

Board (SA-RWQCB); 

� City of Riverside groundwater level, groundwater quality, well construction, well logs, 

pumping test data, percolation data, and estimates of tributary flows;  

� Surface water flow data and water quality data from the USGS National Water Information 

System: Web Interface; 

� California State Water Resources Control Board’s Electronic Water Rights Information 

System (eWRIMS); 

� City of Riverside SAR In-Channel Recharge, dated October, 2011; 

� Western-San Bernardino Watermaster Annual Reports; and 

� SAR Watermaster Annual Reports.  
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2.0 GEOHYDROLOGY OF THE PROJECT AREA 

The project area occupies areas within the active SAR channel (in-channel dam alignment) and an area 

immediately west of the SAR channel (off-channel location).  The project area is bound on the southeast 

by Blue Mountain and the Box Springs Mountains, to the south by the La Loma Hills and the SAR 

channel, to the west by the flood plain of the SAR with Slover Mountain further to the west-northwest, 

and to the north by the Rialto-Colton and Bunker Basin beyond the Rialto-Colton Basin to the north.  The 

Rialto-Colton Fault is buried in the project area and is mapped to cross the in-channel project dam 

alignment locations.  The SAR is the main drainage network for the basin; however, the confluences of 

Lytle Creek enters Warm Creek approximately two miles upstream of the project area and the 

confluence of Warm Creek and the SAR is located at the northern end of the project area.   

 

The Reche Canyon drainage enters the SAR south of the proposed in-channel recharge basin location.  

The in-channel recharge dam alignment is located in the Rialto-Colton Groundwater Basin and the 

Riverside North Basin.  The two groundwater basins are separated by the Rialto-Colton fault.  The 

off-channel recharge basins will be located in the Riverside North Basin.  Both groundwater basins are 

located in the SAR watershed.  The location of the project area with respect to the local groundwater 

basins and watershed areas is shown on Figure 1. 

 

2.1 Regional Geologic Setting 

2.1.1 Geologic Units 

The in-channel recharge basin is located on highly permeable recent river wash deposits.  The 

off-channel recharge basins will be located on recent wash deposits which flank the edges of the active 

river channel and are located at a higher elevation relative to the adjacent river channel.  Historical 

aerial photographs show that the active SAR channel was in the area of the off-channel basins as recent 

as 1959. The alluvial deposits will be described further in this section. 

 

The principal geologic units identified in the study area from oldest to youngest (see Figures 3a and 3b 

for specific geologic unit locations and map symbols) include: 

� An igneous/metamorphic basement complex; 

� Tertiary Continental Rocks; 

� Older Alluvium; 

� Younger Alluvium; and 
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� River-Channel Deposits. 

 

North of the project area, the San Gabriel and San Bernardino mountains rise to elevations up to   

10,000 ft amsl.  These mountains as well as the Jurupa and Box Springs Mountains are all comprised of 

igneous and metamorphic rocks of pre-Tertiary age, mainly quartz diorite, quartz monzonite, 

granodiorite, well-banded gneisses, and biotite and chlorite schists.  The rocks compose what is known 

as the basement complex that is believed to underlie the entire groundwater basin at varying depths.  

The top of the basement complex is considered the effective base of fresh water aquifers within the 

region.  Slover Mountain to the west represents a roof pendant of metamorphic rocks captured by the 

granitic batholith.  The basement surface is present at shallow elevations in the vicinity of the project 

area and to the south.  A review of lithologic logs provided in Appendix B indicates that the base of the 

aquifer is generally present at depths of approximately 300 and 500 ft in the near vicinity of the project 

area. 

 

The Tertiary continental rocks overlie the basement complex.  Tertiary sediments in the vicinity of the 

site consist of the San Timoteo Beds which crop out in Reche Canyon, located to the east of the project 

area and along the erosional escarpment that forms the northern boundary of the community of Grand 

Terrace (basement rocks are also exposed along this erosional escarpment).  These Tertiary beds consist 

of well-compacted and cemented lenses of gravel, sand, silt, and clay.  The compaction and cementation 

of these rocks suggests a period of deposition composed largely of continental sediment conformably 

resting on the underlying basement complex.  Unconsolidated sands and gravels found within the 

continental deposits are good aquifers. 

 

Alluvial sediments in the Project Area are primarily the result of weathering of the granitic and 

metamorphic rocks in the San Bernardino Mountains to the north.  The alluvial sediments are mapped 

as Holocene (less than 10,000 years before present (bp)) to Pleistocene (less than 2,000,000 years bp) 

very young river wash deposits, younger and older alluvial fan deposits, and old dune deposits.  The 

older alluvium consists of unconsolidated coarse sand, gravel, silt, and clay.  The younger alluvium which 

is stratigraphically above the older alluvium generally consists of sand, gravel, cobbles, and boulders 

with minor interbedded silt and clay layers.  Recent soil boring logs for the off-channel portion of the 

project area are presented in Appendix A.  The boring logs indicate the majority of the underlying 

material, within the first 90 feet below ground surface (bgs) in the proposed off-channel basin area 

consists of sand and gravel.  Available well driller’s logs for the project area are provided in Appendix B 

and indicate that in the project area, approximately 50 to 270 ft of clay materials interbedded with sand 

and gravel between ground surface and the bedrock surface at depth. 
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2.1.2 Faults 

The regional geology of the project area is largely a function of faulting associated with the San Jacinto 

Fault system.  Faults in the vicinity of the proposed recharge include the Rialto-Colton fault (which is 

mapped as a buried fault through the project area), as well as the San Jacinto fault to the north and 

northeast (see Figure 3a).  In the project area, the Rialto-Colton fault forms the boundary between the 

Rialto-Colton Groundwater Basin on the north side of the fault and the Riverside-Arlington groundwater 

basin on the south side of the fault.  This fault strikes in a northwest-southeast direction.  With the 

exception of the San Jacinto fault, groundwater barriers have little to no visible surface expression 

where they cross recent wash deposits; their existence is based largely on water level differences across 

the fault and off-sets in older geologic units in the highland areas.  In the vicinity of the site, insufficient 

data is available to assess the specific location of the Rialto-Colton fault.  However, in the area of the 

proposed recharge locations, it appears that the fault may have little influence on water levels on either 

side. 

 

2.1.3 Shallow Soil Permeability 

The permeability (infiltration rate) of the river wash deposits in the project area is currently unknown.  

According to City of Riverside personnel, pumping test data from a test conducted in January 2009 using 

wells in the project area show rapid response of surface flow in the active SAR on groundwater levels.  

The pumping test was conducted from January 19 through 23, 2009.  Baseline water levels obtained 

before the test were rising and indicate groundwater recharge from the SAR.  Water levels continued to 

rise in the observation wells after the pumping was discontinued, further indicating the influence of 

groundwater recharge from surface flow.  GEOSCIENCE’s review of surface flow records for the SAR 

indicated that surface flow was present at the “E” Street gage located one mile upstream from the 

project area before and during the pumping test period.   

 

Short-term infiltration tests were conducted by the City of Riverside in May 2009 (City of Riverside, 

2009c) at four locations in the proposed off-channel basin area.  Testing was conducted using a small 

diameter infiltration apparatus at a depth of approximately six ft bgs.  The reported test data indicated 

that infiltration rates were considerably higher than reported infiltration rates for the SAR (2 to 10 

ft/day, Todd, 1980 and Roscoe Moss, 1990).  For purposes of this study, infiltration rates of 3 ft/day and 

5 ft/day were used for the in-channel and off-channel analysis, respectively.  

 

2.2 Geohydrology of the Project Area 

The groundwater basins in the vicinity of the project area are shown on Figure 1.  The project area is 

located in both the Rialto-Colton Basin and the Riverside North Groundwater Basins.  The water-bearing 
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sediments in the basins are composed of valley fill deposits consisting of sand, gravel, boulders, silt, and 

clay eroded from the surrounding highland areas.  Recent river wash deposits are present underlying 

and adjacent to the active river and stream channels.  The water-bearing sediments in the immediate 

vicinity of the project area are described below. 

 

2.2.1 Aquifers 

Groundwater is present in the unconsolidated alluvial sediments which lie beneath the project area.  A 

review of the driller’s logs for the City of Riverside Flume wells located on the west side of the SAR in the 

project area, indicates that the upper 250 to 400 ft beneath the Project Area consist primarily of bedded 

sand, gravel, and clay.  Well logs for City of Colton Well 30 and Well 31, constructed in 2008 and located 

immediately west of the project area near the intersection of East Congress Street and South Fogg 

Street, indicate that the upper 270 to 290 ft of sediments are composed of sand and gravel.  Mixtures of 

clay and sand are present to a depth of 410 ft.  Clay is present from 410 ft bgs to the bedrock surface 

present at a depth of 570 ft bgs.  The driller’s log for City of Riverside Well Flume 2 indicates that the 

base of the water-bearing sediments is approximately 260 ft bgs with bedrock present at a depth of 530 

ft bgs.  The driller’s log for City of Riverside Well Flume 3 indicates alternating gravel and clay units to a 

depth of approximately 354 ft bgs with clay present to the depth of bedrock at approximately 400 ft bgs.  

Based on review of these and other well logs, the effective base on the water-bearing sediment ranges 

between depths of 500 ft bgs in the northern portion of the study area to approximately 300 ft bgs in 

the southern portion of the area.  The presence of shallower clay deposits noted from the log of Well 

Flume 2 appears to reflect a localized condition.  The location of wells in the vicinity of the study area, 

are shown on Figure 4.  Driller’s logs are provided in Appendix B. 

 

2.2.2 Aquifer Characteristics 

The characteristics of the aquifer materials in the vicinity of the site were assessed using data provided 

by the City of Riverside collected during the pumping test conducted on City of Colton Wells 30 and 31.  

During the pumping test, City of Riverside Wells Flume 1 through 4, were used as observation wells.  The 

time-drawdown data indicated that the water level drawdown data was affected by recharge during the 

period of the pumping test.  The pumping test data was analyzed by GEOSCIENCE using methods 

developed by Dietz (1943) and Hantush (1959) to evaluate aquifer transmissivity and storage coefficient 

in consideration of the impact of the recharge contribution from surface flow in the SAR.  The analysis 

indicates an average transmissivity value from the observation well data of 770,000 gallons per day per 

foot of drawdown (gpd/ft) and storativity values ranging from 0.024 to 0.0073 indicating semi-confined 

aquifer conditions. 
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2.2.3 Groundwater Elevations 

Groundwater beneath the project area occurs at depths ranging from a historical high water level 

elevation (Flume 5 Well measured on June 9, 1982) of approximately 915 ft amsl which was 

approximately 10 ft bgs, to an elevation of approximately 816 ft amsl (111.7 ft bgs measured in Flume 4 

Well on September 14, 1965).  The groundwater elevations beginning in March 1997 that included 

groundwater level measurements available for the City of Riverside Meeks Well, Mill Well, and Flume 

Wells 1 through 6 which provide water level data over the entire project area were used for the analysis 

(see Figure 4 for locations).  Water level data prior to 1997 would be impacted by upstream wastewater 

discharges flows previously present in the SAR channel before wastewater discharge was moved 

downstream to the RIX facility in 1996.  The March 1997 groundwater elevations ranged from 

approximately 902 ft amsl at the north end of the project area (Meeks Well) to approximately 880 ft 

amsl at the southern end of the project area (Flume 6 Well).  The depth to water in 1997 was 

approximately 45 ft bgs.  Hydrographs showing historical groundwater elevations for these wells are 

included on Figure 5.  Groundwater elevations from the January pumping test baseline data (using the 

observation wells located on the west side of the SAR) suggests that surface flow infiltrating the river 

channel moves away from the river channel to the west.  Current groundwater elevations (January 

2009) range from approximately 861.2 ft amsl in the Flume 1 Well to 855.9 ft amsl in Flume 4 Well (see 

Figure 4 for well locations).  These groundwater elevations indicate an approximate depth to water of 

76 ft bgs and 72 ft bgs for Flume 1 and Flume 4, respectively.  The March 1997 groundwater elevations 

were higher than the present groundwater conditions and were, therefore, used to provide a 

conservative starting point (groundwater surface closer to ground surface) for assessing the impacts 

from surface recharge, which will be discussed in Section 5.0.  Hydrographs for wells in the project area 

are provided as Appendix C. 

 

2.2.4 Groundwater Recharge and Discharge 

Groundwater recharge in the study area occurs primarily from infiltration in the SAR channel and 

infiltration of precipitation.  Treated wastewater is an important source of surface water flow and 

recharge to the groundwater basins through infiltration in the SAR channel approximately three miles 

downstream (south) of the project area near Rialto Drain.  

 

Groundwater discharge from the groundwater basins in the vicinity of the project area occurs primarily 

by extraction of groundwater from pumping wells and by subsurface flow through a narrow gap at the 

west end of the City of Riverside south of Pedley Hills known as Riverside Narrows.   
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2.2.5 Groundwater Pumping 

2.2.5.1  City of Riverside Flume Wells 

City of Riverside personnel have indicated that potable groundwater extraction has occurred since late 

2008 from City of Riverside Wells Flume 2, 3, 4, and 6.  More recently, the City of Riverside has installed 

an additional Flume Well, designated as Flume 7 located approximately 1,750 ft south of Flume 6 Well, 

on the south side of the SAR channel.   Flume 7 Well is shown on Figure 4.  According to City of Riverside 

personnel, pumpage from Flume Wells 2, 3, 4, and 6 will be approximately eight to ten million gallons 

per day or approximately 1,240 gallons per minute (gpm) per well (City of Riverside, personal 

communication, 2009).  The anticipated pumping rate for Flume 1 Well will be 1,000 gpm and Flume 7 

Well will be 2,500 gpm.  Future groundwater extraction is planned from these well in these amounts. 

 

2.2.5.2 City of Colton Wells 

The City of Colton installed two wells (Wells 30 and 31) approximately 700 ft northwest of the project 

area.  The City of Riverside anticipates these wells will be pumped at rates between 1,500 gpm to 

2,500 gpm per well.  Both wells may be pumping simultaneously at some point in the future but will be 

limited to 3,000 gpm to 5,000 gpm (when the recharge facility is operational) to avoid negatively 

impacting ground water levels when pumping simultaneously with the City of Riverside Flumes wells.  

The location of the City of Colton Wells 30 and 31 are shown on Figure 4.  
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3.0 HYDROLOGY 

3.1 Available Flows for Project Dam (In-Channel Basin) 

Available surface flow to the project site is the result of seasonal flows occurring in the SAR.  SAR flow at 

the project site is formed from Warm Creek and Lytle Creek surface flows and from the main stem of the 

SAR and SAR upstream tributaries above the “E” Street gage. The contribution of the tributary streams 

will be discussed in Section 3.8.  Existing surface flow conditions at the proposed location of the 

inflatable dam was evaluated by the City of Riverside Public Utilities using 15-minute surface flow data 

and daily data from the USGS surface water gage at the SAR at “E” Street near San Bernardino (USGS 

Gauge No. 11059300).   The existing flows are defined as those flows that have been present in the SAR 

since the completion of Seven Oaks Dam on November 15, 1999.  The existing flow conditions will be 

discussed in Section 3.3. 

 

During the initial stages of the analysis, potential flows (synthesized flows) to the project area for future 

project conditions were prepared by GEOSCIENCE.  An explanation of the method used to prepare the 

synthesized flow is provided in Appendix D.   Synthesized flow volumes were calculated using surface 

flow data collected from USGS stream gauges located on Lytle Creek at Colton (USGS Gauge No. 

11065000), on Warm Creek near San Bernardino (USGS Gauge No. 11060400), and on the SAR at “E” 

Street near San Bernardino (USGS Gauge No, 11059300).  The synthesized flows were modified to 

consider historical water management such as historical discharge of treated wastewater and historical 

groundwater conditions that contributed rising water to stream reaches in the San Bernardino Basin to 

the north.  The locations of these three USGS gauging stations in relation to the project area are shown 

on Figure 1.   

 

Subsequently, a calibrated surface water model of the San Bernardino Basin Area
2
 (SBBA) was 

constructed and used to further evaluate and refine the surface water flow reduction at “E” Street gage 

due to the Seven Oaks Dam (SOD) operation.   Two SBBA surface water model scenarios were run for 

the period from 1998 to 2008 with current land use.  One model scenario included SAR inflow at SOD 

and the second model scenario did not include SAR flow at SOD.  Using the difference in model 

generated run-off from the two scenarios, a mathematical relationship was constructed between the 

discharge at “E” Street gage and the change in discharge due to SOD operations.  This relation was used 

to reduce the flow at “E” Street gage within the synthesized data.  This resulted in a volumetric 

                                                           

2
  HSPF surface water model developed for the “Active Tributaries of the Santa Ana River Project”, San 

Bernardino Valley Municipal Water District. 
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reduction of 54 percent of the synthesized data from 1966 to 2007 data at the “E” Street gage, which 

compares well with the results of the methodology described in Appendix D. 

However, the potential flows to the project area used for this analysis were generated using the SBBA 

surface water model which compare well with previous method using synthesized surface flows from 

the gage data. 

 

The analysis of surface flows considers surface flow during average wet, dry, and average hydrologic 

conditions.  Wet and dry cycles during the hydrologic period were initially determined by review of the 

plot of historical precipitation data from the San Bernardino County Hospital Station (see Figure 6).  The 

location of the precipitation station is shown on Figure 7.  A total of four wet and dry cycles occurred 

during the period 1965 through 2009, the period selected to coincide with the available gaging station 

data during the initial evaluation in 2009. Wet climatic cycles occurred during 1965-1969, 1977-1984, 

1991-1998, and 2005-2006.  Dry climatic cycles occurred during 1969-1977, 1985-1990, 1998-2004, and 

2006-2007. With the addition of the surface water model, the evaluation of average wet, dry, and 

average hydrologic conditions was updated to include the period 1960-2012 to correspond to the 

watershed model.  The same four wet and dry cycles occurred during the period 1960 through 2012.  

Wet climatic cycles occurred during 1960-1969, 1977-1984, 1991-1998, and 2005-2006.  Dry climatic 

cycles occurred during 1969-1977, 1985-1990, 1998-2004, and 2006-2012.   

 

 

3.2 Existing Surface Water Flow in the SAR 

Surface water flow in the SAR under existing conditions was calculated using surface flow data recorded 

in 15-minute intervals and evaluating the surface flows based on climatic conditions.  The data used for 

the analysis is provided in Table E-1 of Appendix E.  The base period used for the evaluation was from 

1999 through 2010 which is the period of available data after the construction of Seven Oaks Dam on 

the SAR.  Tables 3-1 and 3-2 below provide a tabulation of monthly surface water flow at “E” Street gage 

for the period 1999/2000 through 2009/2010 and the total average annual flows for average and dry 

years.  Within the eleven year period of record, eight years are considered “dry”, two years are 

considered average years, and a single year (2004-2005) is considered “wet.”  The single “wet’ year is 

shown as a reference point only for the dry and average year surface flows. 
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Table 3-1 

SAR Monthly Discharge at Project Location Under Existing Conditions (acre-ft) 

Period 1999 - 2010 

 
Dry Dry Dry Dry Dry Wet Avg Dry Dry Dry Avg 

 

1999-

2000 

2000-

2001 

2001-

2002 

2002-

2003 

2003-

2004 

2004-

2005 

2005-

2006 

2006-

2007 

2007-

2008 

2008-

2009 

2009-

2010 

Oct 523 291 39 45 32 18,472 3,341 314 373 87 113 

Nov 635 106 1,019 3,065 500 941 385 222 2,509 1,575 375 

Dec 1,019 162 319 2,666 4,940 7,505 767 689 3,754 5,930 4,575 

Jan 1,171 3,062 233 4 428 83,914 2,624 884 11,430 614 20,957 

Feb 7,171 4,800 86 9,932 7,936 29,849 3,784 1,793 5,504 7,902 9,961 

Mar 4,011 1,752 441 6,168 1,454 25,532 5,570 975 335 517 1,840 

Apr 2,099 958 69 3,852 935 22,385 17,038 677 285 341 1,350 

May 312 173 20 271 68 16,650 6,815 149 1,455 130 89 

Jun 217 179 32 50 109 7,737 199 140 129 192 63 

Jul 133 130 3 73 134 4,290 342 138 115 67 1,993 

Aug 149 53 103 70 98 6,920 265 136 110 62 55 

Sep 72 27 47 35 94 2,729 425 593 155 52 50 

Total 17,512 11,693 2,411 26,231 16,728 226,924 41,555 6,710 26,154 17,469 41,421 

*Completion of the construction of Seven Oaks Dam 

Notes:  Monthly totals are based on combining 15-minute data from the USGS E Street Gage, Warm Creek Gage and Lytle Creek 

Gage at Colton. 

 

Table 3-2 provides a summary of average monthly surface water flow for wet, average, and dry 

hydrologic conditions for the period 1999-2010. 
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Table 3-2 

Total SAR Monthly Discharge at Project Location Under Existing Conditions for Wet, Average, and Dry 

Hydrologic Conditions (acre-ft) Period 1999 - 2010 

Calculated Surface Water Flows 

Month Wet Average Dry 

Oct 18,472 3,454 213 

Nov 941 760 1,204 

Dec 7,505 5,342 2,435 

Jan 83,914 23,581 2,228 

Feb 29,849 13,745 5,641 

Mar 25,532 7,410 1,957 

Apr 22,385 18,388 1,152 

May 16,650 6,904 322 

Jun 7,737 262 131 

Jul 4,290 2,335 99 

Aug 6,920 320 98 

Sep 2,729 475 134 

Total 226,924* 41,488 15,614 

* Represents the single wet year of 2004/2005 

 

3.3 Comparison of 15-Minute Flows Data with SBBA Watershed Model Data 

The SBBA watershed model was constructed and calibrated using long-term daily gage data from gages 

in the San Bernardino area and calibrated against outflows at the “E” Street gage, Lytle Creek gage, 

Warm Creek gage and MWD Crossing gage.  Flow from first three gages combine to form the surface 

flow contribution to the project area.   

 

Due to the nature of storms, peak flows which occur during a 24-hour period, cannot be observed in the 

daily gage data but can be observed in the hydrographs plotted over a 24-hour period using data 

collected at 15-minute intervals.  However, 15-minute gage data is only available for a limited period 

(1999-2010) for the project area.  To assess the potential difference in the calculation of potential 

capture volumes from use of daily data versus 15-minute data, two analyses were conducted.  

First, potential capture of surface flows into recharge basins at rates of 25, 50, 100, 200, and 400 cfs was 

conducted using daily data and 15-minute data for the period 1997-2010.  The purpose of this analysis 

was to evaluate whether average daily flow at these rates would result in a lesser or greater volume of 
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capture then from that indicated by flow values in the 15-minute data.  Second, a comparison of 

15-minute gage data collected from the “E” Street gage was made with the model generated (daily) data 

to evaluate the potential differences in flow volumes calculated from each data set specifically for three 

storms recorded by the 15-minute data.  The purpose of this analysis was to evaluate whether surface 

flow present at rates between the recorded peak flow and the average daily flow would represent 

additional water available for capture during the operation of the rubber dam. 

 

For the first analysis, using the 15-minute data, the potential capture total at the project area was 

determined by applying the flow rate over the time interval (typically 15 minutes) and summing the 

volumes by water year.  The total potential flow volumes retained in the basins (from diversion at the 

rubber dam) were determined for 25, 50, 100, 200, & 400 cfs scenarios by applying a flow rate over the 

time interval and summing by water year.  Rates in excess of the flow condition were assumed to be at 

the limit of that condition before calculating the “15 minute” volume.  (i.e.  A flow of 1,000 cfs under the 

400 cfs flow condition would then become 400 cfs, where a flow rate of 398 cfs would remain 398 cfs.)   

 

The total flow volumes at the project site using the daily surface flow data were calculated by water 

year.  The total flow volumes retained in the basins were determined for 25, 50, 100, 200, & 400 cfs 

scenarios by applying the given flow rate over one day and summing by water year.  Rates in excess of 

the flow condition were assumed to be at the limit of that condition before calculating the daily volume.  

 

The results of the analysis are present as Figures 8a and 8b.  Figure 8a indicates that for surface rates of 

25, 50, 100, 200 and 400 cfs, the potential capture volumes for the period 1997-2010 are 

correspondingly 3.6%, 5.1%, 6.3 %, 7.1% and 8.7%percent less using the 15-minute data.  This suggest 

that over the long-term the model generated data will slightly over estimate the capture volume of 

flows within the range of the proposed project capture (100 cfs to 200 cfs). Figure 8b was plotted to find 

the correlation between the surface flow rate and over estimated flow volume percentage when using 

daily flow data. In accordance with the plot, over estimated volume percentage increases logarithmically 

with the stream flow rate and the correlation coefficient R
2
 equals 0.99. Hence, model generated data 

was adjusted by applying this correlation. 

 

In the second analysis, a comparison was made of the three storms which are recorded by the 

15-minute data which include a 3-day storm that occurred in February 1998, a 3-day storm that 

occurred in January 2005, and a 2-day storm that occurred in January 2010.  A plot of the model 

generated data for the same time period was compared to the storm hydrographs of the 15-minute 

data.   Figure 8c, Figure 8d, and Figure 8e show the storm hydrographs and model generated predicted 

storm flow plots for the February 1998, January 2005, and January 2010 storms respectively. The flow 

volumes generated by the watershed model consistently slightly underestimate the flow for all three 

storms.  Figure 8d shows a correlation curve developed using the 15-minute storm data and the model 
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generated data.  The correlation curve was used to determine an appropriate adjustment factor to apply 

to the model generated data for wet, average, and dry hydrologic conditions to account for the 

differences between the limited 15-minute gage data and the available long–term daily data used for 

this analysis.  The use of an adjustment factor allows inclusion of the additional volume of water present 

during peak flows occurring within 24-hour period not accounted for by daily gage data.  The table 

below shows adjustment factors for both peak flow and non-peak flow conditions applied to model 

generated flows for wet, average, and dry hydrologic conditions using the correlation curve shown on 

Figure 8f. 

 

In summary, for storm periods with peak flows greater than 1,500 cfs, the model generated data slightly 

under estimates potential volumes of water available for capture.  For surface flow rates within the 

range of the proposed project capture, the model generated data slightly over estimates potential 

capture volumes. However, by use of an adjustment factor, the daily gage data used to prepare the 

surface water model can be used for the project analysis to evaluate potential capture of surface flow. 

Table 3-3 shows the overall modification by percentage and volume after applying both correlations.  

 

Table 3-3 

Difference in Potential Capture Volumes by the RNASRP for Wet, Average and Dry Hydrologic 

Conditions Period 1960 - 2012 Using Correlation with 15-Minute Data 

 

 

 

3.4 Mean Monthly Flows to RNASRP 

Mean monthly flows for wet, dry and average hydrologic conditions were calculated based on the flows 

generated from the calibrated SBBA watershed model for the period of record 1960 through 2012 and 

adjusted using the adjustment factor described in the section above.  The model output is provided as 

Table E-2, (Appendix E).  The flows present historically in the SAR which would have been available for 

capture by the project area are shown in Table 3-4 below. 

 

 

H.C.
Without Correlation 

Adjustment (acre-ft)

With Correlation 

Adjustment (acre-ft)

Difference with 

Correlation 

Adjustment (acre-ft)

Percent Increase

Wet 25,298 25,689 391 1.5%

Ave 13,928 14,024 97 0.7%

Dry 6,309 6,183 -125 -2.0%
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Table 3-4 

Mean Monthly Surface Flow at Project Area for (acre-ft) Wet, Average and Dry Hydrologic Conditions 

Period 1960 - 2012 

 Wet years are: Nov 1965 - Nov 1969, Dec 1977 - Jan 1984, Jan 1991 - Sep 1998, Jan 2005 - Jun 2006, Nov 2009 - Feb 2011. 

Dry years are: Jan 1960 - Oct 1965, Dec 1969 - Nov 1977, Feb 1984 - Dec 1990, Oct 1998 - Dec 2004, Jul 2006 - Oct 2009,  

        Mar 2011 - Dec 2012. 

Average years are: Jan 1960 - Dec 2012. 

 

Actual potential capture of surface water for groundwater recharge will be a function of the operational 

capacity of the rubber dam and the potential infiltration capacity of the recharge basins.  Therefore, the 

total available flows to the RNASRP were further refined by limiting peak flows to ≤ 1,500 cfs which is 

the upper operational limit of the proposed design of the in-channel inflatable dam.  When flow in the 

SAR reach 1,500 cfs, the rubber dam will be lowered. As surface flows decrease from 1,500 cfs the 

rubber dam will again be raised. The approximate mean monthly surface flow volumes in acre-ft, for 

surface flows occurring during wet, average, and dry hydrologic conditions for flows less than or equal to 

1,500 cfs, available to the project area are shown in Table 3-5.  The values in Table 3-5 provide an upper 

bound for potential capture volumes at the site of the proposed inflatable dam. 

 

Table 3-5 

Mean Monthly Surface Flow at Project Area (acre-ft) for Wet, Average and Dry Hydrologic Conditions 

of ≤1,500 cfs Period 1960 - 2012 

 

 

The mean monthly flow volumes to be captured by the in-channel basin plus off-channel basins are 

based on the recharge surface area specific to each recharge area and a potential infiltration rate of 

3 ft/day for the in-channel basin and 5 ft/day for off-channel basins.  The potential capture volumes are 

shown in the Table 3-6.  The in-channel basin (24 acres) can accommodate a peak surface flow of 36.3 

H.C. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Wet 10,431 12,674 11,000 4,906 3,755 1,337 703 597 271 500 1,661 5,000 52,836

Ave. 5,103 6,242 5,140 2,348 1,630 598 339 326 312 428 1,116 2,765 26,347

Dry 1,018 1,678 1,295 670 235 113 119 161 336 387 758 1,298 8,069

H.C. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Wet 5,732 7,282 8,768 4,906 3,755 1,337 703 597 271 500 1,244 2,861 37,956

Ave. 3,064 4,004 4,256 2,348 1,630 598 339 326 268 391 951 1,917 20,092

Dry 1,018 1,678 1,295 670 235 113 119 161 265 330 758 1,298 7,942
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cfs.  The off-channel basins (25 acres) can accommodate a peak surface flow of up to 63 cfs.  The mean 

monthly flows shown in Table 3-6 were calculated by summing the flows for each month at or below the 

recharge limit of the in-channel or off-channel basins and calculating the mean flow for each month over 

the period of record. 

 

Table 3-6 

Potential Mean Monthly Capture Volumes to Recharge Locations for Wet, Average and Dry Hydrologic 

Conditions Period 1960 - 2012 

 

 

Figure 9 provides a plot of the cumulative volume of water that is anticipated to be available to the 

project of ≤ 1,500 cfs, over the period of record.  Figure 9 also shows the cumulative volumes of 

potential recharge water for the in-channel basin plus off channel basins based on the synthesized flow 

data.  Potential recharge volumes were calculated using an infiltration rate of 3 ft/day for in-stream 

basin and 5 ft/day for off-stream basins to allow a comparison of the volume of available surface flow to 

the volume that can be potentially captured by the project recharge facilities.  If actual initial infiltration 

rates are higher or lower, or if infiltration rates change with basin operations, the values provided above 

will change.  Approximately 1,280,000 acre-ft of surface flow (at 1,500 cfs or less) has occurred in the 

project area between 1960 and 2012 and approximately 547,400 acre-ft of surface flow could have been 

captured at the in-channel plus off-channel basins (see Figure 9).  

 

Figure 10A, Figure 10B, and Figure 10C show mean monthly available surface flows for dry, average, and 

wet hydrologic conditions respectively at the project area.  Figures 10a, 10b, and 10c also show 

potential surface flow volumes that can be captured by the RNASRP recharge facilities by month.  Based 

on an infiltration rate of 3 ft/day for in-channel basin, mean monthly flows from the historical data, and 

a maximum project surface area for the in-channel basin, the average annual infiltration volumes for 

dry, average, and wet year conditions will be approximately, 3,822, 6,356, and 10,192 acre-ft per year, 

Recharge 

Basin
H.C. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Wet 1,088 1,168 1,527 1,387 1,184 859 665 495 256 277 434 739 10,080

Ave. 740 825 982 824 595 409 325 263 167 201 377 583 6,289

Dry 473 581 624 454 208 113 119 123 112 158 340 481 3,786

Wet 992 1,151 1,708 1,427 1,083 382 39 22 11 78 231 529 7,653

Ave. 540 659 835 623 437 151 15 13 25 60 171 344 3,874

Dry 194 310 262 96 13 0 0 8 33 50 132 222 1,321

In-

Channel 

Basin 

(acre-ft)

Off 

Channel 

Basin 

(acre-ft)
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respectively [24 acres x 3 ft/day (= 36.4 cfs) x all flows equal to or less than 36.4 cfs during wet, average, 

and dry years].  In-channel and off-channel combined would have an average annual infiltration volume 

for dry, average, and wet year conditions of approximately 5,197, 10,328, and 18,010 acre-ft/year, 

respectively [25 acres x 5ft/day + 24 acres x 3ft/day (= 99.4 cfs) x all synthesized flows up to 99.4 cfs 

during wet, average, and dry years].  The data in the tables above and the plots on Figures 10a through 

10c indicate that mean monthly flows calculated from the historical data for each recharge location can 

be accommodated and is less than the total infiltration capacity of the basins.  This means future flows 

larger than mean monthly flows may be accommodated by the proposed basins depending on the 

distribution of rainfall during the month (i.e., for the in-channel basin location, if flows of 36.4 cfs occur 

more often during the month than for an average year, an increase to the overall potential flow capture 

for that month will result). 

 

3.5 Diversion of Storm Flows to Riverside Canal 

The Riverside Canal may be used to divert approximately 100 cfs of surface water from the SAR when 

surface flows exceed the capacity of the in-channel and off-channel recharge facilities (approximately 

100 cfs).  The location of the Riverside Canal in the vicinity of the project site is shown on Figure 2.  Table 

3-7 below provides potential monthly volumes of surface water up to 100 cfs that would be available for 

diversion above the volumes captured by the in-channel plus off-channel recharge facilities.  The values 

in the table were derived from the mean monthly flows for wet, dry and average hydrologic conditions 

generated by the watershed model for the period 1960-2012. 

 

Table 3-7 

Potential Surface Flow Diversions (acre-ft) to Riverside Canal after Capture by RNASRP In-Channel and 

Off-Channel Basins During the Period 1960 - 2012 

 

 

H.C. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Wet 1,130 1,357 2,149 1,339 1,107 92 0 20 3 45 201 513 7,955

Ave. 580 708 970 567 442 36 0 12 23 47 144 331 3,860

Dry 158 248 196 61 6 0 0 7 34 48 107 212 1,077
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3.6 Mean Monthly Capture Volumes by Riverside North Aquifer Storage and Recovery Project 

The total mean monthly captures volumes by the RNASRP include in-channel recharge, off-channel 

recharge, and diversions to the Riverside Canal.  The values in Table 3-8 below were derived from the 

mean monthly flows for wet
3
, dry

4
 and average

5
 hydrologic conditions.   

 

Table 3-8 

Potential Mean Monthly Capture Volumes by the RNASRP for Wet, Average and Dry Hydrologic 

Conditions (acre-ft) Period 1960 - 2012 

 

 

3.7 Mean Monthly Flows at Rialto Drain 

Mean monthly flows at the Rialto Drain for wet, dry and average hydrologic conditions were generated 

by the watershed model.  The City of Riverside has conducted a series of field observations along the 

SAR between the project area and the Rialto Drain and estimates that the in-channel losses for this 

stretch of the SAR are approximately 60 cfs under low-flow conditions
6
.  Therefore, flows at the project 

area were reduced to account for in-channel losses (i.e. natural infiltration) that occur in the 

approximately 15,330 ft (2.9 miles) of active SAR channel bottom between the project area and the 

Rialto Drain.  For this report, 60 cfs of in-channel losses was used to adjust the model generated flows at 

the project area to account for natural stream losses.  Table 3-9 provides the mean monthly volumes of 

natural flow losses in the SAR channel between the project area and Rialto Drain under “Not Project” 

conditions.   

 

 

 

 

                                                           

3
  Wet years are: Nov 1960 - Nov 1969, Dec 1977 - Jan 1984, Jan 1991 - Sep 1998, and Jan 2005 - Jun 2006. 

4
  Dry years are: Dec 1969 - Nov 1977, Feb 1984 - Dec 1990, Oct 1998 - Dec 2004, and Jul 2006 - Dec 2012. 

5
  Average years over period of record Jan 1960 – Dec 2012 

6
  The observed low flow condition consisted of a wetted channel width of about 100 ft, resulting in an 

 estimated channel infiltration rate of 2.25 to 3.5 ft/day over this portion of the SAR channel.   

H.C. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Wet 3,210 3,676 5,384 4,153 3,375 1,333 703 537 271 400 865 1,781 25,689

Ave. 1,860 2,192 2,787 2,014 1,474 597 339 288 214 308 693 1,258 14,024

Dry 825 1,139 1,083 611 228 113 119 138 180 256 579 915 6,183
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Table 3-9 

Mean Monthly Natural Loss in SAR before Rialto Drain (acre-ft) for Wet, Average and Dry Hydrologic 

Conditions (No Project Conditions) Period 1960 - 2012 

 

  

Table 3-10 shows the mean monthly natural loss in the SAR through natural streambed infiltration that 

occurs before Rialto Drain for wet, average, and dry hydrologic conditions under “Project” conditions.  

Natural losses in the stream channel decrease under “Project” conditions because a portion of the flow 

which would infiltrate in the reach between the project and Rialto Drain is captured by the project.  

 

Table 3-10 

Mean Monthly Natural Loss before Rialto Drain (acre-ft) for Wet, Average and Dry Hydrologic 

Conditions (Project Conditions) Period 1960 - 2012 

 

 

Available flows at the Rialto Drain under “No Project” conditions are shown in Table 3-11 below.  

 

 

 

 

 

 

 

 

 

 

 

H.C. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Wet 1,506 1,644 2,205 1,981 1,643 1,061 703 506 262 316 534 964 13,325

Ave. 973 1,105 1,324 1,088 781 489 339 269 177 228 454 733 7,959

Dry 565 721 746 502 215 113 119 125 125 179 401 581 4,393

H.C. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Wet 529 645 883 258 212 4 0 8 0 19 84 209 2,849

Ave. 259 334 385 114 86 2 0 5 7 18 60 130 1,400

Dry 52 114 59 19 4 0 0 4 11 18 45 78 403
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Table 3-11 

Mean Monthly Flow at Rialto Drain (acre-ft) for Wet, Average and Dry Hydrologic Conditions 

(No Project Conditions) Period 1960 - 2012 

 

Note: The values in the table do not include surface flows from Reche Canyon, Cooley Drain, Cooley Drive open-

channel drainage, and S. Rancho Drain.  These drains would add some additional surface water flow at Rialto Drain. 

 

Available flows at the Rialto Drain under “Project” conditions are shown in Table 3-12 below. 

 

Table 3-12 

Mean Monthly Flow at Rialto Drain (acre-ft) for Wet, Average and Dry Hydrologic Conditions 

(Project Conditions) Period 1960 - 2012 

 
Note: The values in the table do not include surface flows from Reche Canyon, Cooley Drain, Cooley Drive open-

channel drainage, and S. Rancho Drain.  These drains would add some additional surface water flow at Rialto Drain 

during 

 

The data in Table 3-12 indicates that after project capture, surface water will reach Rialto Drain.  

However, most of the natural flows reaching Rialto Drain will occur during peak flow conditions when 

surface flow rates exceed the capacity of the rubber dam.  The analysis provided in the next section will 

show the frequency of the total historical flows which would have reached Rialto Drain and the 

frequency of surface flows by month. 

 

3.8 Frequency of Flow Between 60 cfs and 260 cfs at Project Area 

As noted in Section 3.7, it is estimated that a flow of 60 cfs at the proposed project area will provide 

surface flow at Rialto Drain at the San Bernardino Rapid Infiltration and Extraction Facility (RIX).   

Therefore for flows to reach Rialto Drain, surface flow rates must be greater than 60 cfs plus the 

H.C. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Wet 8,925 11,030 8,795 2,925 2,112 275 1 92 9 184 1,127 4,036 39,511

Ave. 4,129 5,138 3,816 1,261 849 109 0 57 135 199 662 2,032 18,388

Dry 453 956 549 168 20 0 0 36 212 208 357 717 3,677

H.C. Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total

Wet 6,691 8,353 4,733 495 168 0 0 53 0 82 712 3,011 24,298

Ave. 2,984 3,716 1,968 220 69 0 0 32 91 102 363 1,377 10,923

Dry 142 426 153 40 4 0 0 20 146 113 134 305 1,483
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potential capture rate of the project.  Given, a total potential project capture of about 200 cfs, flows less 

than about 260 cfs may not reach Rialto Drain.  Based on this potential condition, the watershed model 

was used to evaluate the frequency of flow that occurred in the SAR between project capture and only 

natural recharge of 60 cfs and 260 cfs (natural stream losses + project capture = 260 cfs) during the 

hydrologic period for average wet, average, and dry hydrologic conditions (see Table 3-13).  The analysis 

included a determination of how often these flows occurred and when these flows occurred by month.  

Figures 11a, 11b, and 11c show the exceedance probability plot for surface flows between 60 cfs and 

260 cfs for wet, average, and dry conditions, respectively.   

 

Table 3-13 

Exceedance Probability of the SAR Daily Surface Flow to Rubber Dam 

Hydrologic 

Condition 

Watershed Model Data 

for 53 Year Period (1960-2012) 

≥60 cfs between 60 and 260 cfs ≥260 cfs 

Wet 18.5% 12.3% 6.2% 

Average 10.0% 6.8% 3.2% 

Dry 3.2% 2.2% 1.0% 

 

Review of Figure 11a shows that during wet hydrologic conditions surface flows exceeding 260 cfs have 

a recurrence of 6.2%.  During average and dry hydrologic conditions, flows of 260 cfs or greater may 

only occur 3.2 % and 1% respectively (see Figures 11b and 11c).   

 

 Figures 12a through 12l provide exceedance probability curves for SAR daily flows at the project 

location by month from January through December for the hydrologic base period 1960-2012.  Table 

3-14 summarizes the results of the monthly exceedance probability plots. 
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Table 3-14 

Exceedance Probability of Selected SAR Daily Surface Flow to Rubber Dam 

1960 - 2012 

Month 

Exceedance Probability Number of Days of Characterized Flows 

≥60 cfs 
between 60 and 

260 cfs 
≥260 cfs ≥60 cfs 

between 60 and 

260 cfs 
≥260 cfs 

Total 

Days 

January 14.7% 7.7% 6.9% 241 127 114 1,643 

February 19.8% 10.2% 9.5% 296 153 143 1,498 

March 22.2% 12.2% 10.0% 364 200 164 1,643 

April 17.2% 14.5% 2.8% 274 230 44 1,590 

May 11.9% 9.9% 1.9% 195 163 32 1,643 

June 4.4% 4.4% 0.0% 70 70 0 1,590 

July 0.3% 0.3% 0.0% 5 5 0 1,643 

August 0.4% 0.2% 0.1% 6 4 2 1,643 

September 0.7% 0.5% 0.2% 11 8 3 1,590 

October 1.6% 1.2% 0.5% 27 19 8 1,643 

November 5.0% 3.5% 1.6% 80 55 25 1,590 

December 9.5% 6.0% 3.5% 156 99 57 1,643 

Total Number of Days of Characterized Flows 

1960-2012 
1,725 1,133 592 19,359 

 

The data in Table 3-14 suggests that flows greater than or equal to 260 cfs or those flows which will 

reach Rialto Drain after total project capture have the highest frequency of occurrence between 

December and March of each year. 

 

3.9 Surface Flow Contribution from Tributary Creeks to Project Area 

Surface flows in the SAR upstream of the project (i.e., the “E” Street gage) include contributions from 

Mill Creek, City Creek, Mission Zanja Creek, San Timoteo Creek, East Twin Creek, and Cooley Drain.  

Flows from Plunge Creek will be diverted by Valley District and were assumed unavailable to the project.  

Initially, an estimation of the percentage of contribution of each tributary stream to surface flow at the 

“E” Street gage was developed based primarily on previously published data as summarized in Table 3-

15 below. 
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Table 3-15 

100-Year Flow Data from "SAR Water Right Applications for Supplemental Water Supply Draft EIR" 

Dated October 2004 

Tributary 

100-Yr 

Flood Flow 

(cfs) 

Modified Flow 

(cfs) 

Source of Modified 

Flow Data 

Percentage of 

Surface Flow 

Contribution 

Mill Creek 19,500 19,500 USACE 2000a 28.0% 

City Creek
1
 5,000 7,000 USGS Gage Data

2
 10.0% 

Mission Zanja Creek 3,500 3,500 USACE 2000a 5.0% 

San Timoteo Creek 15,000 8,000 USGS Gage Data
2
 12% 

East Twin Creek 18,000 10,000 Hydraulic Calc
3
 14.5% 

Lytle Creek & Warm Creek 70,000 21,000 USGS Gage Data
4
 30.5% 

Total  69,000   

Notes 
1  

 Plunge Creek water to be used by San Bernardino Valley Municipal Water District (SBVMWD) and assumed to be 

    unavailable for RNASRP. 
2
  USGS Gage data for maximum discharge; San Timoteo Creek includes (-) 7,000 cfs for future recycled water allowances  

    for City of Beaumont & Yucaipa Valley Water District (YVWD). 
3
  Hydraulic calculation based on s=0.05, n=0.05 (unlined/partially maintained), z=1, d/b=0.1; estimate confirmed by Jeff  

   Agajanian (USGS) to City of Riverside. 
4
  Table 1: USGS Open-File Report 2005-1278. 

 

For this study, the calibrated surface water model of the San Bernardino Basin Area (SBBA)
7
 was used to 

refine the estimated surface flows from tributary creeks.  The surface water model was used to 

determine the contribution from each creek tributary to “E” Street gage excluding surface flows from 

SAR during the calibration period 1998 through 2008.  The average annual surface flow from each 

tributary creek to the proposed RNASRP location (excluding any contribution from SAR) is shown in 

column [1] in Table 3-16.  The resultant percentage of contribution from each tributary creek to the 

project area is listed under column [2].    

 

 

 

 

                                                           

7
  HSPF surface water model developed for the “Active Tributaries of the Santa Ana River Project”, San 

Bernardino Valley Municipal Water District. 
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Table 3-16 

Estimated Percentages of Tributary Flows to RNASRP Inflatable Dam 

Period 1998 - 2008 

Tributary Creek 

[1] [2] 

Avg. Annual 

Contribution of Tributary Creek 

In Percent 

Discharge 

(acre-ft/yr) 

Mill Creek 5,457 18.1% 

City Creek 4,736 15.7% 

Mission Zanja Creek 2,304 7.7% 

San Timoteo Creek 4,655 15.5% 

East Twin Creek 4,400 14.6% 

Subtotal for SAR 

Tributaries above "E" 

Street Gage 

21,552 71.6% 

Warm & Lytle Creek 8,538 28.4% 

Total* 30,090 100% 

* The values in the table above do not consider flow from the Cooley Drive Open-Channel 

Improvements which discharges above the project area.  However, these flow are likely insignificant in 

relation to the major tributary drainages. 

 

The surface water model results for the calibration base period indicate that approximately 18.1% of the 

combined tributary flow is anticipated to come from Mill Creek and 15.7% from City Creek.  Mission 

Zanja, San Timoteo Creek, and East Twin Creek are anticipated to provide 7.7%, 15.5%, 14.6%, 

respectively.  Lytle Creek and Warm Creek combined will provide the remaining 28.4% of surface flow to 

the project area.  

  

3.10 Calculation of Wet, Dry, and Average Flows from Tributary Creeks 

Using the percentage of contribution from each tributary creek developed from the run-off generated 

from the calibrated model and the synthesized flow data (1960-2012, see Table E-2, Appendix E) the 

contribution of each tributary creek for wet, average, and dry climatic conditions was determined   

 

The potential surface flow contribution from each tributary creek to the in-channel and off-channel 

basin location during wet, average, and dry year conditions are shown in Table 3-17. 
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Table 3-17 

Contribution of Various Tributary Creeks Upstream of “E” Street Gage to Flow at Inflatable Dam for 

Wet, Average, and Dry Cycles Period 1960 - 2012 

Tributary Creek 

Wet Year Flow Average Year Flow Dry Year Flow 

Volume 

(AFY) 

Percent 

(%) 

Volume 

(AFY) 

Percent 

(%) 

Volume 

(AFY) 

Percent 

(%) 

SAR Tributaries above "E" Street Gage 42,162 79.8% 20,400 77.4% 5,266 65.3% 

Warm Creek 3,577 6.8% 2,493 9.5% 1,914 23.7% 

Lytle Creek 7,097 13.4% 3,454 13.1% 889 11.0% 

Total 52,836 100% 26,347 100% 8,069 100% 

  

The volume of available surface flow to be captured by the project spreading basins is a function of the 

available capacity of the proposed basins along with the long-term infiltration rate.  Therefore, some 

flows listed in the table above will pass by the project continuing downstream because the capacity of 

the proposed basins at the assumed infiltration rate (3 ft/day for in-channel basin and 5 ft/day for the 

off-channel basins) will not allow capture of all available flows.  The table below tabulates the portion of 

surface water flows from each tributary creek which will be captured based on the proposed capacity of 

the in-channel and off-channel basins for wet, average, and dry year conditions and diversion to 

Riverside Canal (see Table 3-8 and Figure 10a, Figure 10b, and Figure 10c).   

 

Table 3-18 

Estimated Portion of Tributary Creek Flows to be Captured by RNASRP During 

Wet, Average, and Dry Year Conditions Period 1960 - 2012 

Tributary Creek 

Wet Year Flow Average Year Flow Dry Year Flow 

Volume 

(AFY) 

Percent 

(%) 

Volume 

(AFY) 

Percent 

(%) 

Volume 

(AFY) 

Percent 

(%) 

SAR Tributaries above "E" Street Gage 20,499 79.8% 10,859 77.4% 4,006 65.3% 

Warm Creek 1,739 6.8% 1,327 9.5% 1,456 23.7% 

Lytle Creek 3,450 13.4% 1,839 13.1% 676 11.0% 

Total 25,689 100% 14,024 100% 6,138 100% 
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3.11 Previous Appropriated Surface Flows from Tributaries to SAR Above “E” Street Gage 

The California State Water Resources Control Board, Division of Water Rights is responsible for 

receiving, processing, and approving applications to appropriate surface water for beneficial use from 

surface streams in California.  The State Water Resources Control Board maintains an Electronic Water 

Rights Information System (eWRIMS) allowing public access to water rights information.  The eWRIMS 

database was accessed to determine existing water rights claims for surface flows tributary to the 

project area from the SAR upstream of the “E” Street gage.  Table 3-20 provides a tabulation of 

information from the eWRIMS database.  Figure 7 shows the locations of points of diversion labeled by 

application numbers as listed in Table 3-20.  Water rights on the eWRIMS website are listed by three 

separate status codes.  A “claimed” right is a riparian right or a water right established before 1914 

(there are no pre-1914 water right claimants listed in Table 3-20).  Claimed water right holders using 

surface flow diversions are requested by the SWRCB to submit a report every three years.  The reports 

provide a rate of diversion in cfs and the period of time in which diversion occurred.  The period of 

diversion is not available on the eWRIMS website
8
.  A “licensed” water right allows the water right 

holder to divert the maximum amount of surface water as listed on the license (see attached Table 3-

19).  A “pending” water right is a water right that has been requested but has not been approved by the 

SWRCB.  

 

3.12 Available Groundwater Storage 

The water level hydrographs provided on Figure 5 indicate that historical high groundwater levels have 

reached depths of 10 ft bgs.  Groundwater recharge could be severely limited by shallow groundwater 

levels should they occur in the future.  The depth to water beneath the project area averaged 

approximately 53 ft in January of 2009.  Groundwater at this depth provides storage space in the 

unsaturated zone between the groundwater surface and the ground surface (vadose zone).  Some 

increase in groundwater storage will occur as a result of proposed continuous pumping from the City of 

Riverside Flume Wells and the City of Colton Wells 30 and 31.  

  

                                                           

8
  If the period of stream diversion is required for future analysis, the periods of diversions may be obtained by 

official request from the SWRCB. 
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4.0 IMPACT ON GROUNDWATER SURFACE FROM POTENTIAL LONG-TERM RECHARGE 

The effect of potential long-term recharge on groundwater levels for recharge locations was evaluated 

using a groundwater model which is discussed in the next section of this report.  Model input 

parameters include anticipated pumping from the City of Riverside and City of Colton Wells and 

potential groundwater recharge volumes as discussed above.  An assumed infiltration rate of 3 ft/day 

for the in-channel basin and 5 ft/day for off-channel basins was used along with hydraulic conductivity 

values estimated from the aquifer parameters discussed earlier in this technical memorandum.  The 

infiltration rate for the off-channel basins was assumed to be slightly higher than the in-channel basin 

because the off-channel basins are accessible for regular maintenance to maintain high infiltration rates.  

 

The model was run through a one year period using monthly recharge volumes.  The average monthly 

recharge volumes available to the recharge basins for wet, average, and dry year hydrologic conditions, 

as listed in Table 3-6 and shown on Figures 10a, 10b, and 10c.   Figures 10a, 10b, and 10c indicate the 

availability of surface flow on a monthly basis along with the capacity of the project recharge basins to 

capture and infiltrate surface flows.  The following sections describe the model runs used to assess the 

impact to the groundwater surface from the proposed project recharge operation. 
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5.0 RIVERSIDE NORTH AQUIFER STORAGE AND RECOVERY PROJECT GROUNDWATER MODEL 

A groundwater flow model was developed for that portion of the groundwater basin underlying the 

project area and immediate vicinity.  The following parameters and assumptions were used in the model 

(see Figure 13 for model area). 

 

5.1 Groundwater Flow Model Parameters and Assumptions  

 

Model Parameters: 

Model Type:     MODFLOW, USGS, 1988 Groundwater Flow Model 

Number of Columns:    296 

Number of Rows:  300 

Number of Active Cells:  53,703 

Cell Size:  50 ft x 50 ft 

Number of Layers:  1 

Aquifer Type:   Unconfined 

Hydraulic Conductivity: 550 ft/day (channel deposits), 130 ft/day (other alluvium 

deposits) 

Storativity:   0.15 (channel deposits), 0.005 (other alluvium deposits) 

Initial Water Level:  Based on 1997 groundwater levels 

Number of Stress Periods: 365 

Stress Period Length:  1 day 

Time steps per stress period: 2 

 

Boundary Conditions: 

   

General Head: Periphery representing 2007 modeled groundwater elevations 

Aerial Recharge: Based on 5% long term average precipitation (13 in/yr)  

= 0.00015 ft/day 

No Flow: No flow cells represent impermeable areas 

 

Saturated Aquifer Thickness: 

Based on the difference between groundwater elevation and base of 

water-bearing materials is approximately 350 ft.  
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Instantaneous Well Discharge Rates:  

Flume Well 1:   1,000 gpm  

Flume Wells 2, 3, 4, and 6: 1,240 gpm  

Flume Well 7:   2,500 gpm  

Colton Wells 30 and 31:  2,500 gpm 

 

Recharge Basin Infiltration  

Rate:    3 ft/day: in-channel basin 

   5 ft/day: off-channel basins 

Barrier Effectiveness: No barriers assumed at the location 

 

5.2 Recharge Basin Operational Assumptions Used in Analysis 

The purpose of the modeling task was to assess the impact to the groundwater surface from recharge at 

the proposed recharge basins considering on-going pumping taking place simultaneously.  Operational 

assumptions for the recharge basins were based on synthesized mean monthly flows available to the 

proposed project recharge locations wet, average, and dry year hydrologic conditions.  For example, 

Figure 10b (average year hydrologic conditions) indicates that the in-channel and off-channel recharge 

basins (about 100 cfs) will have the capacity to collect and infiltrate surface flows throughout the year 

for a average annual volume of approximately 10,328 acre-ft. (see Table 3-6 – average in-channel plus 

average off-channel capture volumes).  The basin created by the inflatable dam and the off-channel 

basins will be capable of capturing a portion of the average year surface flows in the early part of the 

year (January through March) and most of the flows through the remainder of the year.  As a result, the 

greatest impact to the groundwater surface will occur when the maximum amount of surface area is 

used for infiltration (in-channel basin combined with off-channel basins) along with wet hydrologic 

conditions.  The capture zone for pumping wells in the vicinity of the recharge basins was also evaluated 

to assess the contribution of recharged water to the extraction wells. 

 

5.3 Description of Scenarios Used in Analysis 

A “No Project” scenario and three potential recharge scenarios were analyzed for this investigation.  

Scenario 1 consisted of analyzing the steady state groundwater conditions based on the use of March 

1997 groundwater levels and assuming that these conditions are reflective of current groundwater 

extractions and recharge occurring within the vicinity of the project area.  Scenario 1 includes one year 

of pumping from City of Riverside Flume Wells 1, 2, 3, 4, 6, and 7 and City of Colton Wells 30 and 31 in 

the volumes outlined in Section 5.1. 
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Scenario 2 is an analyses of recharge occurring at the in-channel (24 acre basin) and off-channel 

recharge basin (about 25 acre basins) during dry hydrologic conditions along with pumping from City of 

Riverside Flume Wells 1, 2, 3, 4, 6, and 7 and City of Colton Wells 30 and 31 as outlined in Section 5.1.  

However, for the City of Colton Wells, pumping was increased to 5,000 gpm for the recharge 

simulations.  The pumping rates for the wells were held the same for all of the recharge scenarios.  The 

mean monthly recharge volumes as shown on Figure 10a were used as monthly input parameters in the 

model scenario for the in-channel combined with off-channel recharge (see Table 3-4 for mean monthly 

values for dry hydrologic conditions).   

 

Scenario 3  is an analyses of recharge occurring at the in-channel and off-channel recharge basins during 

average hydrologic conditions along with pumping from City of Riverside Flume Wells 1, 2, 3, 4, 6, and 7 

and City of Colton Wells 30 and 31.  The mean monthly recharge volumes as shown on Figure 8b were 

used as monthly input parameters in the model scenario for the in-channel combined with off-channel 

recharge.  

 

Scenario 4 is an analyses of recharge occurring at the in-channel and off-channel recharge basins during 

wet hydrologic conditions along with pumping from City of Riverside Flume Wells 1, 2, 3, 4, 6, and 7 and 

City of Colton Wells 30 and 31.  The mean monthly recharge volumes as shown on Figure 10c were used 

as monthly input parameters in the model scenario for the in-channel combined with off-channel 

recharge.  

 

5.4 Model Scenario 1 – No Project 

The groundwater elevations and regional drawdowns generated from the “No Project” scenario are 

shown on Figure 14.  The model scenario was initiated using the March 1997 groundwater levels and 

simulating one year extraction of groundwater from City of Riverside and City of Colton Wells without 

the addition of recharge water (“No Project”).  March 1997 groundwater levels represent a groundwater 

surface which is approximately 45 ft bgs in the project area and is the average groundwater level for the 

period of record. 

 

One year of continuous groundwater pumping from the project area wells results in a cone of 

depression in the vicinity of the project.  Maximum drawdown was approximately 6.0 ft at the Colton 

Well 31.  Maximum drawdown beneath the center of the in-channel recharge basin was 2.5 ft below the 

pre-pumping groundwatersurface.  Drawdown reaches a maximum of approximately 5.5 ft under the 

off-channel basin location at the end of the one year pumping period.  
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5.5 In- and Off-Channel Recharge Project Scenarios 

5.5.1 Model Scenario 2 – In- and Off-Channel Recharge During Dry Year Conditions 

During average dry year conditions, the recharge volumes reach the greatest cumulative volume at the 

end of three months of recharge.  Mean monthly available flows decrease in the remaining months.  The 

results of model Scenario 2 at the end of three months of recharging are shown on Figure 15.  A 

groundwater mound will not form beneath the project area under average dry year conditions due 

on-going pumping.  The groundwater elevation beneath the center of the in-channel basins will be 

approximately 0.5 ft lower than the static ground water levels and 1.5 ft higher than the “No Project” 

ground water levels.  The groundwater elevation beneath the center of the off-channel basins will be 

about four ft lower than the static groundwater level and approximately 1.5 ft higher than the “No 

Project” ground water levels. 

 

The Drawdown at the City of Colton Wells 30 and 31 is reduced by approximately 0.5 ft from “No 

Project” conditions and reduced by approximately one foot near the location of Flume 7 well.  

 

5.5.2 Model Scenario 3 – In- and Off-Channel Recharge During Average Year Conditions 

During average year conditions, the recharge volumes reach the greatest cumulative volume at the end 

of three months of recharge.  Mean monthly available flows decrease in the remaining months.  The 

results of model Scenario 3 at the end of three months of recharging are shown on Figure 16.  A 

groundwater mound will form beneath the project area under average year conditions. The 

groundwater elevation beneath the center of the in-channel basins will be approximately two ft higher 

than the static groundwater level and approximately four ft higher than the “No Project” ground water 

levels.  The groundwater elevation beneath the center of the off-channel basins will be about one foot 

lower than the static groundwater level and approximately 4.5 ft higher than the “No Project” ground 

water levels.   

The Drawdown at the City of Colton Wells 30 and 31 is reduced by approximately two ft from “No 

Project” conditions and reduced by approximately three ft near the location of Flume 7 well.  

 

5.5.3 Model Scenario 4 – In- and Off-Channel Recharge During Wet Year Conditions 

During average wet year conditions, the recharge volumes reach the greatest cumulative volume at the 

end of three months of recharge.  Mean monthly available flows decrease in the remaining months.  The 

results of model Scenario 4 at the end of three months of recharging are shown on Figure 17.  A greatest 

extent of groundwater mounding will occur beneath the project area under average wet year 
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conditions. The groundwater elevation beneath the center of the in-channel basins will be 

approximately five ft above the static ground water level and approximately seven ft higher than the 

“No Project” ground water levels.  The groundwater elevation beneath the center of the off-channel 

basins will be about four ft above the static groundwater level and approximately 9.5 ft higher than the 

“No Project” groundwater levels.   

 

The Drawdown at the City of Colton Wells 30 and 31 is reduced by approximately 5.8 ft from “No 

Project” conditions and reduced by approximately 6.5 ft near the location of Flume 7 well.  

 

The average annual simulated water levels for Scenarios 1-4 beneath the in-channel basin and 

off-channel basins are shown on Figure 18 and Figure 19, respectively. The recharge project for the 

combined in-channel and off-channel recharge basins will provide a beneficial effect for local pumping 

wells during the months of greatest recharge by reducing the drawdown in groundwater levels in the 

pumping wells while the wells are in operation.  Decreased drawdown occurs with increased recharge 

volumes. 
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6.0 CHARACTERIZATION OF SOURCE WATER CONTRIBUTION IN SURFACE FLOW AT MWD CROSSING    

This section considers the impacts of upstream capture of surface flows on the contributing sources of 

water at MWD crossing.  Historically, surface water flowing at MWD crossing has had sources which 

include surface water, recycled water discharged by permit into the SAR, and rising groundwater 

discharging to the streambed as a result of a reduction in cross-sectional area of the subsurface alluvium 

near the Riverside narrows due to shallow bedrock.  Therefore, capture of a portion of the upstream 

surface flow will change the overall percentage of the contributing sources to the surface flow at MWD 

crossing. 

 

To evaluate the potential contribution of historical rising water in the SAR at MWD Crossing, surface 

water data was reviewed prior to discharge from  the RIX facility located upstream of Mission Boulevard.   

Since the onset of recycled water discharge from RIX facility, the SAR channel contains year around 

surface flow from the RIX discharge point to beyond MWD Crossing where additional wastewater flow is 

added from the Riverside Regional Water Quality Control Plant.  However, prior to discharge from RIX, 

surface water infiltrated into the SAR channel upstream of Mission Boulevard.   Downstream of Mission 

Boulevard, between Mission Boulevard and MWD Crossing, infiltrated water re-surfaced as rising water 

in the SAR channel 

 

In evaluating the pre-RIX conditions, gage data from Mission Boulevard and MWD Crossing was 

reviewed.  Surface water gage data is no longer available for the gage located at Mission Boulevard.  The 

gage at MWD Crossing continues in operation.   Surface water gage data is available from 1971 through 

1982, which is before the operation of RIX.  Gage data from MWD Crossing and Mission Boulevard was 

compared for the period 1971-1982 to evaluate the baseflow which primarily represented the volume 

contribution of rising water before MWD Crossing (discussed in Section 6.2).  The volume of recycled 

water discharged to SAR during the period 1971 through 2010, is reported by Watermaster.  The 

Watermaster surface water data set and USGS gaging data from MWD Crossing were used to evaluate 

the percentage contribution by source water for the surface flow at MWD Crossing discussed below. 

 

6.1 Historical Wastewater Flows in Project Vicinity 

The SAR Watermaster records and reports the volumes of recycled water discharged to the SAR.  The 

"Fortieth Annual Report of the SAR Watermaster” was reviewed to evaluate the volume of recycled 

water discharged to the SAR prior to discharge of recycled water by the RIX facility.  Table 6-1 provides a 

tabulation of historical wastewater flows recorded by Watermaster for the period 1971 through 1982. 
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Table 6-1 

Recycled Water Discharges to SAR Above MWD Crossing (acre-ft) 

Water Year 1971 - 1981 

Water Year 

San 

Bernardino 

Treatment 

Plant 

Colton 

Treatment 

Plant 

Rialto 

Treatment 

Plant 

RIX Subtotal 

1970 - 1971 17,860 2,520 2,270 - 22,650 

1971 - 1972 16,020 2,230 2,400 - 20,650 

1972 - 1973 18,670 2,530 2,260 - 23,460 

1973 - 1974 17,680 2,530 2,320 - 22,530 

1974 - 1975 16,750 1,980 2,320 - 21,050 

1975 - 1976 17,250 2,540 2,240 - 22,030 

1976 - 1977 17,650 3,260 2,330 - 23,240 

1977 - 1978 18,590 3,810 2,380 - 24,780 

1978 - 1979 19,040 3,850 3,050 - 25,940 

1979 - 1980 20,360 4,190 2,990 - 27,540 

1980 - 1981 20,550 3,930 3,370 - 27,850 

Total 200,420 33,370 27,930 - 261,720 

    
Average 23,793 

 

The recycled water flows discharged to the SAR channel was 261,720 acre-ft between water year 

1970/1971 and 1981/1982, or an average discharge of 23,792 acre-ft/yr (approximately 32.9 cfs).   

 

6.2 Historical Surface Flows at MWD Crossing 

Surface flow at MWD Crossing is a mixture of surface water, rising water, and recycled water discharged 

upstream of the MWD Crossing gage. 

 

6.2.1 Evaluation of Rising Water Volume 

To calculate the volume of rising water, surface water flow is recorded by surface water gages at 

Mission Boulevard and MWD Crossing for the period 1971-1982 were compared.    Figure 20 presents a 

plot of The Mission Boulevard gage data subtracted from the MWD Crossing gage data for the period 

1971 through 1982, the period before the advent of discharge from the RIX facility.   Review of the plot 

indicates that baseflow of approximately 24 cfs is present in the SAR channel throughout the year during 

this period (see Figure 20).  This suggests that during storm periods, surface flow from SAR and ungaged 

tributary drainages contributes to surface water flow at MWD Crossing.  Storm events can be observed 
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as peaks on the Figure 20 plot.  However, during non-storm periods, surface flow at MWD Crossing is the 

result of baseflow from rising water which infiltrated upstream of Mission Boulevard and re-surfaces as 

rising water between Mission Boulevard and MWD Crossing as well as some surface water from 

tributary drainages between Mission Boulevard and MWD Crossing.  The contribution of surface water 

from tributary drainages for this period is unknown but may be up to 10 cfs (see Section 6.2.2 below).  

The historical rising water contribution is taken to range from around 14 to 24 cfs .   

 

6.2.2 Identification of Baseflow Sources in SAR by USGS 

On May 21 and May 22, 2001, the USGS conducted a tracer study to characterize the interaction 

between the SAR and the shallow groundwater system and to quantify the percentage of wastewater 

and other sources of flow in the surface water of the SAR.  Table 6-2 provides a summary of the findings 

of the USGS tracer study between RIX and MWD Crossing.   

 

Table 6-2 

Summary USGS Tracer Test -Identifying Sources of Baseflow in the SAR, California 

Station 
Travel Time 

(min) 

Total Flow in SAR 

(ft
3
/sec) 

Net 

Gain/Loss 

(ft
3
/sec) 

Wastewater 

Flow 

(ft
3
/sec) 

Contribution of  

Non-Wastewater 

Percent (% ) 

Wastewater in 

Surface Flow 

RIX             

Below RIX   58.5       100 

Riverside 

Avenue 
46 52.6 -5.9 52.6   100 

Mission 

Boulevard 
145 56.8 4.2 52.6 

3.7 cfs from Lake 

Evans and 0.5 cfs from 

Channel Gain 

93 

Railroad 

Crossing 
145 60.8 4.0 52.6 

3.3 cfs from 

Sunnyslope Creek and 

0.7 cfs from GW 

seepage 

86 

MWD 

Crossing 
55 71.5 10.7 48.6 

15.3 cfs from 

Tesquequito Creek 

and -4.6 cfs channel 

losses 

68 

(Source of Data: Mendez and Belitz, 2001) 

 

The study provides a “snapshot” in time and indicates that 68% of the surface flow at MWD Crossing on 

May 21, 2001 consisted of recycled water.   The study indicates that 1.2 cfs could be attributed to rising 

water. However, according to City of Riverside personnel, the surface flows attributed to Tesquequite 

Creek by the USGS study is atypical and larger than typical flows from this drainage.  The May 2001 

period represented a period when high ground water was pumped and discharged to Tesquequite Creek 
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with subsequent flow to SAR.  Normal groundwater discharge as rising water may have been intercepted 

by pumping to relieve high groundwater conditions.  Typical surface flow in Tesquequite Creek is less 

than 3 cfs.  Therefore, the total surface flow attributable to tributary drainages may be about 10 cfs. 

 

The year 2001 was near the end of a dry climactic cycle.  Data presented in Section 6.4 (see Table 6-3) 

was generated from the watershed model for the period 1960 through 2012 and from recycled water 

discharge data obtained from Watermaster. The data in Table 6-3 indicates that on average annual 

recycled water contribution at MWD Crossing during dry climatic cycles is 56.2% while rising water is 

estimated to be 27.3% of flow and the tributary drainage contribution is approximately 9.4 %.  This 

would suggest that the rising water contribution may be as much as 19.5 cfs of the 71.5 cfs measured at 

MWD Crossing which is in the 14 to 24 cfs ranged suggested by baseflow during the pre-RIX period.  

 

6.3 Percentage Calculation of Contributing Sources to Surface Water at MWD Crossing 

Table 6-3 provides a summary of the contribution by volume of surface water, surface flow from 

ungaged tributaries, recycled water, and rising groundwater under “No Project” and “Project” 

conditions using the watershed model for the period 1960 through 2012 and the data obtained from 

Watermaster. 
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Table 6-3 

Annual Source Water Contribution to Surface Water at MWD Crossing 

Water Year 1971 - 2010 (acre-ft) 

 

No Project 

Condition

Project 

Condition

No Project 

Condition

Project 

Condition

No Project 

Condition

Project 

Condition

1971 6,968 3,510 6,411 6,411 22,650 17,357 53,386 49,928

1972 1,729 292 3,423 3,423 20,650 17,357 43,158 41,722

1973 8,317 4,080 10,331 10,331 23,460 17,357 59,465 55,228

1974 6,763 2,999 10,951 10,951 22,530 17,357 57,601 53,837

1975 1,470 232 3,241 3,241 21,050 17,357 43,118 41,880

1976 8,389 5,704 6,995 6,995 22,030 17,357 54,771 52,086

1977 6,164 2,131 8,431 8,431 23,240 17,357 55,192 51,159

1978 88,712 60,332 29,741 29,741 24,780 17,357 160,590 132,210

1979 54,931 32,623 19,538 19,538 28,428 17,357 120,254 97,946

1980 107,423 69,857 25,375 25,375 27,540 17,357 177,695 140,129

1981 3,281 1,255 5,111 5,111 27,850 17,357 53,599 51,573

1982 13,390 6,448 13,521 13,521 30,590 17,357 74,858 67,916

1983 61,849 25,225 23,941 23,941 31,380 17,357 134,527 97,903

1984 3,151 1,341 4,374 4,374 29,610 17,357 54,492 52,681

1985 2,886 457 6,661 6,661 31,170 17,357 58,074 55,645

1986 7,195 2,359 9,081 9,081 33,450 17,357 67,083 62,247

1987 2,503 304 6,231 6,231 36,330 17,357 62,421 60,222

1988 3,991 1,034 6,865 6,865 39,160 17,357 67,373 64,415

1989 3,315 1,508 3,256 3,256 39,470 17,357 63,398 61,591

1990 2,694 1,640 3,540 3,540 40,420 17,357 64,011 62,957

1991 14,253 9,287 15,381 15,381 39,530 17,357 86,521 81,555

1992 15,144 7,267 16,825 16,825 37,080 17,357 86,405 78,529

1993 115,404 77,380 27,741 27,741 38,220 17,357 198,722 160,698

1994 3,253 1,002 6,001 6,001 36,170 17,357 62,781 60,530

1995 58,970 39,098 21,241 21,241 38,650 17,357 136,218 116,346

1996 11,599 5,659 13,735 13,735 43,660 17,357 86,351 80,411

1997 10,987 5,865 10,911 10,911 49,960 17,357 89,215 84,093

1998 45,436 27,411 20,141 20,141 59,746 17,357 142,680 124,655

1999 514 0 1,667 1,667 54,111 17,357 73,649 73,135

2000 3,726 743 4,155 4,155 52,404 17,357 77,641 74,658

2001 254 0 8,321 8,321 57,753 17,357 83,685 83,431

2002 1,599 581 1,262 1,262 52,465 17,357 72,683 71,665

2003 11,120 6,260 1,131 1,131 53,833 17,357 83,441 78,581

2004 10,279 6,242 14,385 14,385 52,808 17,357 94,828 90,792

2005 73,354 49,280 28,441 28,441 54,429 17,357 173,581 149,507

2006 8,009 4,045 4,961 4,961 54,427 17,357 84,754 80,790

2007 2,590 1,097 3,740 3,740 51,675 17,357 75,362 73,869

2008 7,233 2,532 9,395 9,395 50,252 17,357 84,236 79,536

2009 4,090 1,289 6,151 6,151 47,297 17,357 74,895 72,094

2010 54,970 48,503 31,041 31,041 47,628 17,357 150,996 144,528

Average 21,198 12,922 11,341 11,341 38,697 17,357 88,593 80,317

Water 

Year

Storm Water at RIX Ungaged Tributaries
Recycled 

Water
Rising Water

MWD Crossing
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Figure 21 shows the respective contributions of surface water, surface flow from ungaged tributaries, 

recycled water, and rising groundwater under “No Project” Conditions.  Figure 22 shows the respective 

contributions of surface water, surface flow from ungaged tributaries, recycled water, and rising 

groundwater under the operation of the RNASRP.  

 

6.4 Change in Percentage of Contributing Sources to Surface Water at MWD Crossing from 

RNASRP 

Capture of surface flow upstream of MWD crossing will decrease the percentage of surface water at 

MWD Crossing.   Table 6-2 shows that the volume of recycled water discharged to the SAR channel has 

increased over time.   Figure 23 shows the percent of recycled water under “No Project” and “Project” 

Conditions using the base period 1971-2010.  Table 6-4 provides the average annual percent 

contribution of the source waters for wet, average and dry hydrologic conditions at the MWD Crossing 

(1971-2010). 

Table 6-4 

Average Annual Percent Contribution of Source Waters for Wet, Average and Dry Hydrologic 

Conditions at MWD Crossing (1971-2010) 

Flux Term 
No Project Condition Project Condition 

Wet Ave. Dry Wet Ave. Dry 

Surface Flow at RIX
1
 28.9% 16.4% 7.1% 20.6% 10.6% 3.2% 

Inflow from Tributary Creeks between RIX 

and MWD Crossing
2
 

13.8% 11.3% 9.4% 15.7% 12.4% 9.9% 

Sub-total Stormwater
3
 42.7% 27.6% 16.5% 36.4% 23.0% 13.1% 

Recycled Water 39.3% 49.0% 56.2% 43.5% 52.1% 58.5% 

Rising Ground Water 18.0% 23.3% 27.3% 20.1% 24.9% 28.5% 

1 Stream Flow at RIX includes measured flows (E Street, Warm and Lytle) and unmetered tributary flows like Reche Canyon 

from upstream SAR. 

2 Inflow from tributary creeks between RIX and MWD Crossing includes the inflow from Lake Evans, Spring Brook Creek, 

Sunnyslope Creek and Tesquequito Creeks. 

3 Sub-total stormwater = [1] + [2]. 

 

In summary, operation of the RNASRP will only slightly impact (i.e. increase) the percentage of recycled 

water at MWD Crossing by 4.3%, 3.1% and 2.2% during average wet, average, and dry hydrologic 

conditions by reducing surface flow at MWD Crossing by  15,043 acre-ft, 7,911 acre-ft and 2,635 acre-ft 

during average wet, average, and dry hydrologic conditions, respectively.   
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7.0 DOWNSTREAM SURFACE WATER QUALITY IMPACTS FROM RNASRP  

7.1 Potential Capture and Infiltration of Surface Water Flows  

A separate study to determine the water quality impacts due to RNASRP project was performed by 

GEOSCIENCE and is included in its entirety as Appendix F.  The purpose of this study was to evaluate the 

impact on downstream surface water quality due to diversion at the RNASRP location on the SAR.  The 

Waste Load Allocation Model (WLAM) developed by Wildermuth Environmental, Inc. was used to 

conduct this study.  For a detailed description of the WLAM model see Appendix F. 

 

The WLAM simulated the reduced SAR flow, due to RNASRP diversions consisting of in-channel and 

off-channel basins, and diversions to Riverside Canal (total project capture is 200 cfs).  The model 

hydrologic periodis  from 1949 through 1999.   The WLAM estimated the water quality impacts for Total 

Dissolved Solids (TDS) and Total Inorganic Nitrogen (TIN) at Riverside Narrows and Prado Dam (see 

Figure 6 of Appendix F).    

 

7.2 WLAM Scenarios 

The modeling scenarios of the WLAM for the RNASRP were selected based on planning simulations 

described in “2008 SAR Wasteload Allocation Model Report,” (Wildermuth, 2009).   Two scenarios were 

selected from this report (Scenario 2 and 5) both were run with 2010 and 2020 Publicly Owned 

Treatment Works (POTW) projected discharges to the SAR.  Scenario 2 in the above mentioned report is 

the worst case scenario resulting in the highest concentrations of TDS and TIN.  Scenario 5 has the same 

assumptions as Scenario 2; however, Scenario 5 has an overall increased use of projected recycled water 

for both 2010 and 2020 POTW discharges.  For the purpose of this technical memorandum Scenario 2 

and 5 from the above mentioned report will be referred to as RNASRP Scenario 1 and RNASRP Scenario 

2, respectively.   

 

RNASRP Scenarios 1 and 2 each include 2010 and 2020 POTW projected discharges.  Table 1 of   

Appendix F provides a summary of the assumptions and volumes for the POTW discharges for RNASRP 

Scenarios 1 and 2.  RNASRP Scenario 1 has less projected recycled water use and greater total discharge 

than RNASRP Scenario 2.  Therefore, RNASRP Scenario 1 will have greater downstream water quality 

impact than RNASRP Scenario 2.  POTW’s discharges provided in Table 1 of Appendix F, to SAR reaches 

and various creeks are shown on Figure 6 of Appendix F.  Scenario 1 and 2 were run with “No Project” 

and subsequently with “Project” recharge and diversions to allow comparison and evaluation of the 

project’s impact. 
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7.3 Results of WLAM for RNASRP Scenarios for 200 cfs Recharge and Diversions 

The WLAM average daily simulated SAR flow rates at the above mentioned location are shown in the 

table below for both “No Project” and “Project” Scenarios and with both projected 2010 and 

2020 POTW projected discharges to the SAR, for RNASRP 200 cfs recharge and diversion.  The POTW 

2010 and 2020 projected discharges have minimal effect on the flow rates at the RNASRP project area 

and Riverside Narrows.  However, at Prado Dam there is a significant difference of approximately 25 and 

40 cfs for 2010 and 2020 POTW discharges, respectively.   The greatest impact from the RNASRP 

recharge and diversion occurs at Riverside Narrows for RNASRP where the flow decreases by 

approximately 7 cfs. 

 

Table 7-1 

Wasteload Allocation Model Simulated Average Daily Flow with RNASRP Recharge and Diversion of 

200 cfs at Diversion Point, Riverside Narrows and Prado Dam Locations 

 

The WLAM model average daily concentration results for TDS is shown in the table below.   The greatest 

TDS impact from the RNASRP diversion occurs at Riverside Narrows for RNASRP Scenario 1 where the 

“No Project” TDS concentration is 644 milligrams per liter (mg/L) and the “Project” TDS is 650 mg/L, an 

increase of approximately 5.5 mg/L.  The TDS concentrations are below the basin objectives of 700 mg/L 

for Riverside Narrows and Prado Dam in SAR Reach 3.   

 

 

 

 

 

RNASRP 

Scenarios 

POTW 

Discharge 

Rate 

Planning 

Year 

No Project Project 

Project 

Area 

Riverside 

Narrows 

Prado 

Dam 
Project Area 

Riverside 

Narrows 
Prado Dam 

cfs cfs cfs cfs cfs cfs 

1 

2010 33.5 94.8 325.4 25.2 87.9 318.9 

2020 33.4 96.2 345.0 25.1 89.3 338.4 

2 

2010 33.5 94.8 300.1 25.2 87.9 293.5 

2020 33.4 96.2 303.0 25.1 89.3 296.4 
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Table 7-2 

Wasteload Allocation Model Simulated Average Daily TDS Concentrations with RNASRP 

Recharge and Diversion of 200 cfs at Diversion Point, Riverside Narrows and Prado Dam Locations 

RNASRP 

Scenario 

POTW 

Discharge 

Rate 

Planning 

Year 

No Project Project 
Difference No 

Project and Project 

Project 

Area 

Riverside 

Narrows 

Prado 

Dam 

Project 

Area 

Riverside 

Narrows 

Prado 

Dam 

Riverside 

Narrows 

Prado 

Dam 

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

1 
2010 209.1 644.1 640.3 209.1 649.6 641.5 5.5 1.2 

2020 209.0 639.2 641.9 209.0 644.7 643.1 5.5 1.2 

2 
2010 209.1 644.1 640.5 209.1 649.6 641.5 5.5 1.1 

2020 209.0 639.2 641.8 209.0 644.7 643.1 5.5 1.3 

 

The WLAM model average daily concentration results for TIN is shown in table below.   The greatest TIN 

impact from the RNASRP diversion occurs at Riverside Narrows for RNASRP Scenario 1 where the No 

Project TIN concentration is 8.9 mg/L and the Project TDS is 9 mg/L, an increase of approximately         

0.1 mg/L.   The TIN concentrations are below the basin objectives of 10 mg/L for all WLAM simulations.  

 

Table 7-3 

Wasteload Allocation Model Simulated Average Daily TIN Concentrations with RNASRP Recharge and 

Diversion of 200 cfs at Diversion Point, Riverside Narrows and Prado Dam Locations 

RNASRP 

Scenario 

POTW 

Discharge 

Rate 

Planning 

Year 

No Project Project 
Difference No 

Project and Project 

Project 

Area 

Riverside 

Narrows 

Prado 

Dam 

Project 

Area 

Riverside 

Narrows 

Prado 

Dam 

Riverside 

Narrows 

Prado 

Dam 

mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L 

1 
2010 2.1 8.9 8.1 2.1 9.0 8.1 0.1 0.0 

2020 2.1 8.9 8.1 2.1 9.0 8.2 0.1 0.1 

2 
2010 2.1 8.9 8.1 2.1 9.0 8.1 0.1 0.0 

2020 2.1 8.9 8.1 2.1 9.0 8.1 0.1 0.0 

 

 



Geohydrologic Evaluation of the Riverside North Aquifer Storage and Recovery Project  24-Jan-14 

GEOSCIENCE Support Services, Inc. City of Riverside  

44 

7.4 WLAM Modeling Conclusions 

Based on the WLAM modeling results the 200 cfs recharge and diversion for the proposed RNASRP will 

have insignificant impact on downstream flow and water quality.   The “No Project” and “Project” 

concentrations for TDS and TIN at the Riverside Narrows (SAR Reach 3) and at Prado Dam (SAR Reach 3) 

for both scenarios at 200 cfs RNASRP recharge and diversion are all below the surface water quality 

objective as set forth by the “1995 Water Quality Control Plan and the 2008 Update to the Water 

Quality Control Plan” issued by the SARWQCB of 700 mg/L for TDS and 10 mg/L for TIN.  Furthermore, 

the “No Project” and “Project” surface flow, for RNASRP diversions, are well within the requirements set 

by the 1969 Orange County Judgment (see Appendix F for details). 
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8.0 FINDINGS 

8.1 Potential Capture and Infiltration of Surface Water Flows  

An evaluation of surface flow records indicates that a significant volume of water is available for capture 

and infiltration at the location of the proposed inflatable dam.  The ability to capture and infiltrate 

surface flows will be a function of the surface area of the potential recharge facilities and the rate at 

which surface and subsurface sediments will allow infiltration.  It is estimated that the sustainable 

long-term surface infiltration rate for the SAR Channel and off-channel recharge locations may be 3 

ft/day for the in-channel basin and 5 ft/day for the off-channel basins.  It is possible that surface 

infiltration rates in the active SAR channel may be higher (City of Riverside, 2010).  The following 

provides a summary of our findings: 

 

• Mean monthly flows available to the in-channel and off-channel spreading basins are 

approximately 53,000 acre-ft during wet year hydrologic conditions, 26,000 acre-ft for average 

year conditions and to 8,100 acre-ft during dry year conditions. 

 

• Mean monthly flows available to the in-channel and off-channel spreading basins that are less 

than or equal to 1,500 cfs (operational capacity of inflatable dam) are approximately          

38,000 acre-ft during wet year hydrologic conditions, 20,000 acre-ft for average year conditions, 

and up to 7,900 acre-ft during dry year conditions. 

 

• The in-channel basin constructed with an inflatable dam at elevation 926 ft amsl (recharge 

surface area of 24 acres) can capture approximately 10,100, 6,300, and 3,800 acre-ft/yr for wet, 

average, and dry year conditions respectively.  

 

• The off-channel spreading basins constructed at elevation 928 ft amsl (recharge surface area of 

25 acres) can capture approximately 7,700, 3,900, and 1,300 acre-ft/yr for wet, average, and dry 

year conditions, respectively. 

 

• Potential diversion volumes of surface water to the Riverside Canal from the project area after 

diversion to the in-channel and off-channel recharge basins will be approximately 8,000, 3,900, 

1,100 acre-ft/year for wet, average, and dry years respectively. 

 

• Potential capture by the RNASRP will be 25,700, 14,000, and 6,200 acre-ft for average wet, 

average, and dry hydrologic conditions, respectively.  
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• Mean monthly flows available at the Rialto Drain without the RNASRP are approximately   

39,500 acre-ft during wet year hydrologic conditions, 18,400 acre-ft for average year conditions, 

and up to 3,700 acre-ft during dry year conditions. 

• Mean monthly flows available at the Rialto Drain with the RNASRP are approximately         

24,300 acre-ft during wet year hydrologic conditions, 10,900 acre-ft for average year conditions 

and to 1,500 acre-ft during dry year conditions. 

 

• The largest surface flows will occur in the months between December through March for 

average dry years, December through May for average years, and December through June for 

average wet years.  It is likely that portions of available flow will bypass the current planned 

recharge locations when daily flows exceed the operational limits of the inflatable dam, the 

infiltration capacity of the proposed basins, and the operational limits of the diversion structure. 

 

• The RNASRP will provide a beneficial effect to local pumping wells by reducing the drawdown in 

groundwater levels around the pumping wells.  Decreased drawdown occurs with increased 

recharge volumes.    

 

• The greatest TDS impact from the RNASRP diversion occurs at Riverside Narrows for RNASRP 

Scenario 1 where the “No Project” TDS concentration is 644 mg/L and the “Project” TDS is 

650 mg/L, an increase of approximately 5.5 mg/L.  The TDS concentrations are below the basin 

objectives of 700 mg/L for Riverside Narrows and Prado Dam in SAR Reach 3.   

 

• The greatest TIN impact from the RNASRP diversion occurs at Riverside Narrows for RNASRP 

Scenario 1 where the No Project TIN concentration is 8.9 mg/L and the Project TDS is 9 mg/L, an 

increase of approximately 0.1 mg/L.   The TIN concentrations are below the basin objectives of 

10 mg/L for all WLAM simulations.  

 

• Operation of the RNASRP will only slightly impact (i.e. increase) the percentage of recycled 

water at MWD Crossing by 4.3%, 3.1% and 2.2% during average wet, average, and dry 

hydrologic conditions by reducing surface flow at MWD Crossing by  15,043 acre-ft,               

7,911 acre-ft and 2,635 acre-ft. during average wet, average, and dry hydrologic conditions 

respectively.   
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8.2 Water Quality Impacts 

The WLAM modeling results for total RNASRP recharge and diversion of 200 cfs showed an insignificant 

impact on downstream flow and water quality.   The “No Project” and “Project” concentrations for TDS 

and TIN at the Riverside Narrows (SAR Reach 3) and at Prado Dam (SAR Reach 3) for both scenarios at 

200 cfs RNASRP recharge and diversion are all below the surface water quality objective as set forth by 

the “1995 Water Quality Control Plan and the 2008 Update of the Water Quality Control Plan” issued by 

the SARWQCB of 700 mg/L for TDS and 10 mg/L for TIN.  The “No Project” and “Project” surface flow, 

for RNASRP recharge and diversion, are also well within the requirements set by the 1969 Orange 

County Judgement. 

 

8.3 Potential for Liquefaction 

The potential for liquefaction occurs under the conditions of strong earthquake-induced ground 

accelerations, shallow groundwater conditions (groundwater a depth of less than 50 ft bgs) and in 

uniform granular soil conditions.  The project will introduce groundwater into the surface sediments in 

the vicinity of the project area.  The overall depth to groundwater will be a function of the climatological 

conditions, recharge period, the volume of surface water available for recharge, and groundwater 

extraction from wells.  The results of the groundwater model prepared for this investigation indicate 

that surface water will infiltrate generating a groundwater mound below the In-channel basins during 

wet, average, and dry year conditions.  A groundwater mound will be generated beneath the 

off-channel basins during wet and average year conditions but not during dry year conditions.  The 

extent of the mound increases with increasing recharge.  The project, along with the projected 

groundwater pumping schedule as described in this report, will result in slightly higher groundwater 

levels during wet and average hydrologic conditions, and overall, slightly lower groundwater levels 

during dry year conditions.   
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9.0 RECOMMENDATIONS 

9.1 Optimal Recharge Rate and Volumes 

The current investigation indicates that operation of groundwater basins in the project area can result in 

the capture and recharge of significant volumes of surface water to the groundwater aquifer.  Recharge 

volumes range from approximately 1,300 to 18,000 acre-ft depending on the use of in-channel and off-

channel basins and the hydrology.  The limitation of potential infiltration volumes is based on available 

surface area for groundwater infiltration (size of recharge basin) and the actual infiltration rate of 

surface sediments.  The current proposed project locations for groundwater recharge will capture only a 

portion of surface flows available at the project area; therefore, consideration should be given to use of 

additional basins in an in-channel position or, if space is available, by increasing the size of the proposed 

off-channel storage facilities.  In addition, field pilot tests should be conducted to assess actual 

infiltration rates in order to refine the potential infiltration volumes provided above. 

 

9.2 Maintenance of Recharge Facilities 

The optimal function of recharge basins to infiltrate water will depend on minimizing the addition of silt 

and clay to the sediments, which form the infiltrating surface at the bottom of each basin.  Operational 

procedures for the basins should include regular maintenance to remove silt layers accumulating on 

surface of the recharge basins. 
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City of Riverside

Riverside North Aquifer Storage and Recovery Project

[1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11]

Mean Monthly 

Flow at Project 

Area

Mean Monthly 

Operational Flow 

(≤1,500 cfs) at 

Project Area

In Channel Basin 

Recharge (≤36.4 

cfs)

Off Channel Basin 

Recharge (≤63 cfs)

Riverside Cannal 

Diversion (≤100 

cfs)

Total NRASRP 

Recharge(≤200 

cfs)

Natural Recharge 

under No Project 

Conditions (≤60 

cfs)

Natural Recharge 

under Project 

Conditions (≤60 

cfs)

Mean Monthly 

Flow at RIX under 

No Project 

Conditions

Mean Monthly 

Flow at RIX under 

Project Conditions

New Conservation

[acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft] [acre-ft]

Wet 52,836 37,956 10,080 7,653 7,955 25,689 13,325 2,849 39,511 24,298 15,213

Average 26,347 20,092 6,289 3,874 3,860 14,024 7,959 1,400 18,388 10,923 7,466

Riverside North Aquifer Storage and Recovery Project (RNASRP) Calculation of New Conservation Under "Project" and "No Project" Conditions for Wet, Average and Dry Hyrologic Conditions

1960 - 2012

Hydrologic 

Conditioin

Average 26,347 20,092 6,289 3,874 3,860 14,024 7,959 1,400 18,388 10,923 7,466

Dry 8,069 7,942 3,786 1,321 1,077 6,183 4,393 403 3,677 1,483 2,194

[1] Mean monthly flow at project area includes gaged flows ("E" st, Warm and Lytle) and unmetered tributary flows.

[2] Mean monthly operational flow includes flows ≤1,500 and correlated flows≥1,500 cfs.

[3] Volumes that can be captured by the in channel basin which has an area of 24 acres and an infiltration rate of 3 ft/day.

[4] Volumes that can be captured by the off channel basin which has an area of 25 acres and an infiltration rate of 5 ft/day.

[5] Maximum diversion rate to the Riverside Cannal is 100 cfs.

[6] Volumes that can be captured by RNASRP = [3] + [4] + [5].

[7] Natural recharge between the project area and RIX under no project conditions.

[8] Natural recharge between the project area and RIX under project conditions.

[9] Volumes at the RIX under no project conditions = [1] - [7].

[10] Volumes at the RIX under project conditions = [1] - [6] - [8].

[11] New conservation = [6] - [7].
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TECHNICAL MEMORANDUM 

ASSESSMENT OF DOWNSTREAM SURFACE WATER QUALITY IMPACTS  

FROM THE RIVERSIDE NORTH AQUIFER STORAGE AND RECOVERY PROJECT 

 

1.0 INTRODUCTION 

1.1 Background 

The Riverside North Aquifer Storage and Recovery Project (RNASRP) is proposed in anticipation of 

significant increases in future demand for potable water and the potential reduction of available 

water supply from the State Water Project.  The RNASRP plans to divert storm water from the 

Santa Ana River (SAR) into artificial recharge basins to recharge the underlying aquifer in the 

Riverside North Ground Water Basin, see Figure 1 for general project area location.  Surface 

water recharged to the ground water basin will be recovered from the aquifer to meet potable 

water demand.  However, the reduction in streamflow of the SAR downstream of the RNASRP, 

may impact down stream water quality in relation to basin objectives set by the Santa Ana 

Regional Water Quality Control Board in the 1995 Water Quality Control Plan.  Therefore, an 

assessment of potential downstream water quality impacts due to proposed surface water 

diversions is warranted.  

 

 

1.2 Purpose and Scope 

The RNASRP will increase water supplies in the Riverside North Ground Water Basin by diverting 

and infiltrating available storm water flows from the SAR to recharge the underlying aquifer.  
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Artificial recharge of the underlying aquifer will be achieved by installing a rubber dam in the SAR 

channel which allows impoundment and recharge in the SAR and also permits diversion of 

surface water to the off-channel recharge basins.  The proposed RNASRP is located downstream 

of the “E” Street Gage as shown on Figure 1.    

 

The purpose of the current study is to evaluate the impact on downstream surface water quality 

due to diversion at the RNASRP location on the SAR.  The Waste Load Allocation Model (WLAM) 

developed by Wildermuth Environmental, Inc. (WEI) was used to conduct this study.  Details of 

the model for this study will be discussed in Sections 3.2 and 3.3 of this technical memorandum.  

The scope of work performed to assess potential down stream water quality impacts due to the 

implementation of the RNASRP included the following tasks: 

 

• Estimation of proposed basin recharge rates; 

• Estimation of diversion rate and potential capture volumes for recharge basins; 

• Modify the WLAM; 

• Run WLAM and analyze results; 

• Preparation of this technical memorandum. 

 

 

1.3 Sources of Data 

Data used in the evaluation of the RNASRP were obtained from multiple sources.  The primary 

sources and the types of data provided are summarized as follows: 

 

• GEOSCIENCE Support Services, Inc.: RNASRP feasibly and design capacity of recharge 

basins. 

• Regional Water Quality Control Board – Santa Ana Region: Basin objective water quality 

goals for total dissolved solids (TDS) and total inorganic nitrogen as N (TIN). 
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• Wildermuth Environmental, Inc.: Details regarding future basin planning operations, 

WLAM description and operation, WLAM input files, and WLAM input file modifications. 

 

In addition to the above stated sources, GEOSCIENCE Support Services, Inc. (GEOSCIENCE) 

reviewed the Santa Ana Regional Water Quality Control Board (SARWQCB) 2004 Basin Plan 

Amendment and Orange County Judgment Case No. 117628. 
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2.0 DETERMINATION OF RNASRP DIVERSION VOLUMES 

An evaluation of SAR surface water flow records, at “E” Street Gage, indicates that a significant 

volume of storm water is available for infiltration at the project area location 

(GEOSCIENCE, 2009).  See Figure 1 for project area location.  The ability to divert and infiltrate 

surface water flows will be a function of the surface area of the proposed recharge basin facilities 

and the rate at which surface and subsurface sediments will allow infiltration.   

 

 

2.1 Diversion Estimation 

In order to estimate synthesized SAR flow available for the diversion at the RNASRP, “E” Street 

Gage flow data was adjusted to account for projected future conditions.   The synthesized SAR 

flow that represents future conditions was derived for the hydrologic period from 1966 through 

2009.  The following changes were made to the “E” Street Gage stream flow data to represent 

synthesize flow available for capture by the proposed rubber dam: 

 

• SAR flow data at the “E” Street Gage was reduced by 54 percent due to Seven Oaks Dam 

(SOD) diversions prior to January 2008; 

• The discontinued San Bernardino Waste Water Treatment estimated discharges to the 

SAR were subtracted from the adjusted “E” Street Gage flow prior to March 1996 after 

being reduced by 54 percent due to SOD diversions; 

• Southern California Edison diversions were subtracted from the flows less than or equal 

to 30 cfs from the adjusted “E” Street Gage flow, prior to January 1974 after being 

reduced by 54 percent due to SOD diversions; 

• Estimated instream recharge above the rubber dam but below the concrete lined 

portion of the SAR south of the “E” Street Gage is subtracted from the adjusted “E” 

Street Gage flow; 
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• Lytle Creek at Colton stream flow is added to the adjusted “E” Street Gage flow; 

• Warm Creek steam flow without high ground water contribution is added to the 

adjusted “E” Street Gage flow; and 

• The proposed rubber dam has maximum design capacity of 1,500 cfs, hence, adjusted 

“E” street Gage flow less than 1,500 cubic feet per second (cfs) is available for capture at 

the rubber dam for RNASRP diversion. 

 

 

2.2 Proposed SAR Diversion for RNASRP 

The surface water to be captured by the on-channel basin and the on-channel plus off-channel 

basins and Riverside Canal are shown in Figure 2, which will used to replenish the ground water 

aquifer.  The in-channel basin at Rubber Dam at elevation of 928 amsl (42.5 acres) can 

accommodate a peak surface flow of 64.3 cfs.  The off-channel basins (25.4 acres) can 

accommodate a peak surface flow of up to 38.4 cfs for a total of 102.7 cfs for both in-channel 

and off-channel diversion.   

 

In addition, the Riverside Canal may be used by the City of Riverside to divert approximately 

100 cfs of stormwater from the Santa Ana River when surface flows exceed the capacity of the 

in-channel and off-channel recharge facilities (102.7 cfs).  This allows a total of 200 cfs diversion 

when the flows are available for the NRASRP project.  The location of the Riverside Canal in the 

vicinity of the project site is shown on Figure 2.  For the purpose of this study the water quality 

impacts of the in-channel (64.3 cfs) and the total project diversions of 200 cfs will be analyzed. 

 

Based on the main study of this report (Geohydrologic Evaluation of the Riverside North Aquifer 

Storage and Recovery Project, 2011), for the hydrologic period from 1966 through 2009, it is 

estimated that the SAR annual surface water volume at the project area during wet, average, and 
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dry conditions are estimated to be approximately 59,700, 32,900, and 10,700 acre-ft/yr 

respectively (see Figures 3, 4 and 5). 

 

For RNASRP 64.3 cfs diversion, surface water will flow past the RNASRP at approximate annual 

volumes of 44,200
1
, 22,200

1
, and 3,900

1
 acre-ft/yr, during wet, average, for dry year conditions 

respectively.  Similarly, for RNASRP 200 cfs diversion, surface water will flow past the RNASRP at 

approximate annual volumes of 34,700
1
, 17,000

1
, and 2,300

1 
acre-ft/yr, during wet, average, for 

dry year conditions, respectively.   

 

 

                                                 

1
  The flow past the RNASRP is calculated by subtracting the totals for Column [1] – [2] in the inset tables in Figures 3, 4 and 5 

for wet, average and dry hydrologic conditions. 
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3.0 THE WASTE LOAD ALLOCATION MODELING 

3.1 WLAM Application 

The Waste Load Allocation Model was developed by Wildermuth Environmental (2009) for the 

Santa Ana Watershed Project Authority (SAWPA), see Figure 6 for model area.  The Santa Ana 

Regional Water Quality Control Board uses the WLAM to establish the water quality objectives for 

management zones of the SAR Watershed above Prado Dam.  The WLAM is used as a tool to 

determine surface water quality for project planning scenarios inside the watershed, as such 

provides a suitable tool for the present study.  The water quality constituents simulated with 

WLAM are the concentrations or mass of TDS and TIN. 

 

 

3.2 WLAM Description 

The WLAM consists of two main components, the RUNOFF and ROUTER modules.  The RUNOFF 

module calculates the amount of storm water that runs off the land into the natural drainage 

system based on precipitation, evaporation, land use, and soil types.  The ROUTER module routes 

the flow volumes of the natural drainage system, determined by the RUNOFF module, through 

the urban drainage system and accounts for point and non-point source water quality sources.  

The simulated flow is routed through a drainage network of nodes and links (Figure 6).   

 

The WLAM is run with daily timesteps for a continuous 50 year hydrological period from 1949 

through 1999.  This period includes both extended wet, dry and average hydrologic conditions 

and therefore the WLAM results are considered representative of average hydrologic condition as 

they occur in the watershed.  The WLAM can calculate flow rates, TDS and TIN at any model node 

location for the simulated hydrologic period as shown in Figure 6.  A more detailed description of 
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WLAM calibration and application is described in “2008 Santa Ana River Wasteload Allocation 

Model Report,” (Wildermuth, 2009).  

 

 

3.3 WLAM Modifications for RNASRP 

WLAM was modified in order to simulate the diversion for the proposed RNASRP on-channel 

and off-channel spreading basins and Riverside Canal diversions.  The modification consisted of 

adding nodes and links to route the proposed diversion for the RNASRP away from the SAR, 

resulting in a reduction of simulated surface water flow down stream from the RNASRP 

(see Figure 7).  The WLAM simulated the reduced SAR flow, due to RNASRP diversions (64.3 and 

200 cfs), for the model hydrologic period from 1949 through 1999.   

 

 

3.4 Selected Modeling Scenarios 

The modeling scenarios of the WLAM for the RNASRP were selected based on planning 

simulations described in “2008 Santa Ana River Wasteload Allocation Model Report,” 

(Wildermuth, 2009).   Two scenarios were selected from this report (Scenario 2 and 5) both were 

run with 2010 and 2020 Publicly Owned Treatment Works (POTW) projected discharges to the 

SAR.  Scenario 2 in the above mentioned report is the worst case scenario resulting in the highest 

concentrations of TDS and TIN.  Scenario 5 has the same assumptions as Scenario 2; however, 

Scenario 5 has an overall increased use of projected recycled water for both 2010 and 2020 

POTW discharges.   For the purpose of this technical memorandum Scenario 2 and 5 from the 

above mentioned report will be referred to as RNASRP Scenario 1 and RNASRP Scenario 2, 

respectively.   
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RNASRP Scenarios 1 and 2 have the following assumptions incorporated into the WLAM model: 

 

• RNASRP diversion (64.3 or 200 cfs)  

• Seven Oaks Dam diversion 

• San Bernardino Valley Water Conservation District stormwater diversion 

• Western Municipal Water District stormwater diversion 

• 2004 Basin Plan wasteload allocation discharge concentration 

• Projected recycled water reuse 

 

RNASRP Scenarios 1 and 2 each include 2010 and 2020 POTW projected discharges.  Table 1 

provides a summary of the assumptions and volumes for the POTW discharges for RNASRP 

Scenarios 1 and 2.  RNASRP Scenario 1 has less projected recycled water use and greater total 

discharge than RNASRP Scenario 2 as shown in Table 1.  Therefore, RNASRP Scenario 1 will have 

greater downstream water quality impact than RNASRP Scenario 2.  POTW’s discharges in Table 1 

to SAR reaches and various creeks are shown in Figure 6.  Scenario 1 and 2 were run with “No 

Project” diversions and subsequently with “Project” diversions to allow comparison and 

evaluation of the project’s impact. 

 

 

3.5 Results of WLAM for RNASRP Scenarios 

The WLAM calculates simulated flow rates, TDS and TIN at any of the nodes shown in Figure 6.  

For the water quality impact analysis of the RNASRP, the simulated results are analyzed at the 

RNASRP diversion (SAR Reach 4), Riverside Narrows (SAR Reach 3) and Prado Dam (SAR Reach 3) 

locations to provide a representation of surface water quality along the SAR from the RNASRP 

diversion point to Prado Dam (see Figure 6).  The Riverside Narrows and Prado Dam are locations 

of stipulated surface water flows and surface water quality by the 1969 Orange County Judgment 

(see Section 3.6).  The TDS water quality objective set forth by in the “1995 Water Quality Control 
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Plan and the 2008 Update Water Quality Control Plan” issued by the SARWQCB is 550 mg/L for 

SAR Reach 4 and 700 mg/L for SAR Reach 3.  For TIN the basin objectives are set at 10 mg/L for 

both SAR Reach 3 and 4. 

 

 

3.5.1 In-Channel RNASRP Diversion at Rubber Dam at Elevation 926 ft amsl 

The WLAM average daily simulated SAR flow rates at the above mentioned location are shown in 

Table 2 for both “No Project” and “Project” Scenarios and with both projected 2010 and 2020 

POTW projected discharges to the SAR, for RNASRP 64.3 cfs diversion at the Rubber Dam at 

elevation 926 ft amsl.  The POTW 2010 and 2020 projected discharges have minimal effect on the 

flow rates at the RNASRP diversion point and Riverside Narrows.  However, at Prado Dam there is 

a significant difference of approximately 25 and 40 cfs for 2010 and 2020 POTW discharges, 

respectively.  The greatest impact from the RNASRP diversion occurs at Riverside Narrows where 

the flow decreases by approximately 2.5 cfs.  The WLAM simulated SAR average annual flow past 

the RNASRP diversion point, for both scenarios for RNASRP diversions of 64.3 cfs, is 

approximately 21,300 acre-ft/yr per year compared to 22,200 acre-ft/yr based on calculation 

determined in Section 2.2 of this Appendix. 

   

The WLAM model average daily concentration results for TDS is shown in Tables 3.   The greatest 

TDS impact from the RNASRP diversion occurs at Riverside Narrows for RNASRP Scenario 1 where 

the “No Project” TDS concentration is 644 mg/L and the “Project” TDS is 648 mg/L, an increase of 

approximately 3.7 mg/L.  The TDS concentrations are below the basin objectives of 700 mg/L for 

Riverside Narrows and Prado Dam in SAR Reach 3.  The WLAM simulated TDS concentration of 

SAR water diverted to the RNASRP is 209 mg/L, which is below the basin objective of 550 mg/L for 

Reach 4.  For both RNASRP Scenarios, the TDS concentration differences between the 2010 and 

2020 POTW projected discharges is a 4.9 mg/L increase at Riverside Narrows and Prado Dam 
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respectively.  For RNASRP Scenarios 1 a 1.6 mg/L decrease is simulated for the 2020 discharges 

with respect to the 2010 discharges at Prado Dam.    

The WLAM model average daily concentration results for TIN is shown in Tables 4.   The 

greatest TIN impact from the RNASRP diversion occurs at Riverside Narrows for RNASRP 

Scenario 1 where the No Project TIN concentration is 8.9 mg/L and the Project TDS is 9.0 mg/L, 

an increase of approximately 0.1 mg/L.   The TIN concentrations are below the basin objectives 

of 10 mg/L for all WLAM simulations.  The WLAM simulated TIN concentration of SAR water 

diverted to the RNASRP is 2.1 mg/L, which is below the basin objective of 10 mg/L for Reach 4.  

There are no discernable differences in TIN concentration for both RNASRP Scenarios due to the 

differences in 2010 and 2020 POTW projected discharges. 

 

 

3.5.2 Total Project RNASRP Diversion at Rubber Dam at Elevation 928 ft amsl 

The WLAM average daily simulated SAR flow rates at the above mentioned location are shown in 

Table 5 for both “No Project” and “Project” Scenarios and with both projected 2010 and 2020 

POTW projected discharges to the SAR, for RNASRP 200 cfs diversion.  The POTW 2010 and 2020 

projected discharges have minimal effect on the flow rates at the RNASRP diversion point and 

Riverside Narrows.  However, at Prado Dam there is a significant difference of approximately 25 

and 40 cfs for 2010 and 2020 POTW discharges, respectively.  The WLAM simulated SAR average 

annual flow  past the RNASRP diversion point, for both scenarios for RNASRP diversions of 200 

cfs, is approximately 18,200 acre-ft/yr per year compared to 17,000 acre-ft/yr based on 

calculation determined in Section 2.2 of this technical memorandum.    

 

 

The WLAM model average daily concentration results for TDS is shown in Tables 6.   The greatest 

TDS impact from the RNASRP diversion occurs at Riverside Narrows for RNASRP Scenario 1 where 

the “No Project” TDS concentration is 644 mg/L and the “Project” TDS is 650 mg/L, an increase of 
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approximately 5.5 mg/L.  The TDS concentrations are below the basin objectives of 700 mg/L for 

Riverside Narrows and Prado Dam in SAR Reach 3.  The WLAM simulated TDS concentration of 

SAR water diverted to the RNASRP is 209 mg/L, which is below the basin objective of 550 mg/L for 

Reach 4.  For both RNASRP Scenarios, the TDS concentration differences between the 2010 and 

2020 POTW projected discharges is a 4.9 mg/L increase and a 1.6 mg/L decrease for the 2020 

discharges with respect to the 2010 discharges at Riverside Narrows and Prado Dam respectively.    

 

The WLAM model average daily concentration results for TIN is shown in Tables 7.   The 

greatest TIN impact from the RNASRP diversion occurs at Riverside Narrows for RNASRP 

Scenario 1 where the No Project TIN concentration is 8.9 mg/L and the Project TDS is 9 mg/L, an 

increase of approximately 0.1 mg/L.   The TIN concentrations are below the basin objectives of 

10 mg/L for all WLAM simulations.  The WLAM simulated TIN concentration of SAR water 

diverted to the RNASRP is 2.1 mg/L, which is below the basin objective of 10 mg/L for Reach 4.  

There are no discernable differences in TIN concentration for both RNASRP Scenarios due to the 

differences in 2010 and 2020 POTW projected discharges. 

 

 

3.6 Orange County Judgment 

The 1969 Orange County Judgment requires that a minimum amount of flow will be maintained 

by upstream water managers at the Riverside Narrows and at Prado Dam.  Section 5 (b)(1) of 

the “Judgment” stipulates that 13,420 acre-ft/year of base flow plus one-third of any 

cumulative debit flow at the Riverside Narrows (see Figure 6) and 42,000 acre-ft/year at Prado 

Dam.  If cumulative credits have been incurred by the upstream water management agencies 

then the minimum flows for Riverside Narrows and Prado Dam is 12,240 and 30,000 acre-

ft/year, respectively.   
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Section 5 (b)(2) provides a formula for adjustment based on the total dissolved solids 

concentration of the surface water.  If the TDS of the surface water is between 600 and 700 

parts per million (ppm)
2
 at the Riverside Narrows or Prado Dam, then, the stipulated flow as 

referenced above are required. 

 

At Riverside Narrows the average annual surface flow under “No project” conditions ranges 

from 68,600 to 69,600 acre-ft/year and under “Project” conditions ranges from approximately 

66,100 to 67,100 acre-ft/year.  At Prado Dam, no project surface water flows range from 

approximately 217,300 to 248,800 acre-ft/year and project surface water flows will range from 

214,800 to 247,300 acre-ft.   

 

A summary of annual determinations by the SAR Watermaster for both the Riverside Narrows 

and Prado Dam for the period 1970-71 through 2007-08 is presented in Table 1 of the “Thirty-

Eighth Annual Report of The Santa Ana River Watermaster for Water year October 1, 2007 – 

September 30, 2008.”  Page 4 of that document states: “the Base Flow obligations set forth in 

the Judgment at both Prado and Riverside Narrows have been met and cumulative credits have 

accrued to the Upper Area.”  The cumulative credit at the end of water year 2007/2008 was 

1,128,825 acre-ft. 

 

The “Project” and “No Project” surface water flows at the Riverside Narrows and Prado Dam 

are well above the requirement of the Orange County Judgment both for no project and project 

conditions.  In addition, project induced water quality changes are insignificant (see Table 3 and 

Table 4) and do not result in any required alterations to surface water flow. 

                                                 

2
 Parts per million (ppm) unit of measurement is equivalent to milligrams per liter (mg/L) unit of measurement.  



Assessment of Downstream Surface Water Quality Impacts from the  

Riverside North Aquifer Storage and Recovery Project      4-Nov-11 

GEOSCIENCE Support Services, Inc.  City of Riverside 

14 

4.0 FINDINGS 

Conclusions generated from analysis of the WLAM results presented in this technical 

memorandum are as follows: 

 

• Based on the results of this study, surface water diversions of 200 cfs for the proposed 

RNASRP will have an insignificant impact on downstream water quality. 

 

• Surface water flow past the RNASRP diversion of 64.3 cfs will be on approximately 

21,300 acre-ft/yr as calculated by the WLAM and 22,200 acre-ft/yr as calculated using 

the method described in Section 2.2. 

 

• Surface water flow past the RNASRP diversion of 200 cfs will be on approximately 

18,200 acre-ft/yr as calculated by the WLAM and 17,000 acre-ft/yr as calculated using 

the method described in Section 2.2. 

 

• The “No Project” and “Project” concentrations for TDS at the Riverside Narrows 

(SAR Reach 3) and at Prado Dam (SAR Reach 3) for both scenarios at both 64.3 and 200 

cfs RNASRP diversions are all below the surface water quality objective of 700 mg/L set 

forth by the “1995 Water Quality Control Plan” issued by the SARWQCB (see Table 3 and 

6). 

 

• The “No Project” and “Project” concentrations for TIN at the Riverside Narrows 

(SAR Reach 3) and at Prado Dam (SAR Reach 3) for both scenarios at both 64.3 and 200 

cfs RNASRP diversions are all below the surface water quality objective of 10 mg/L set 

forth by the “1995 Water Quality Control Plan” issued by the SARWQCB (see Tables 4 

and 7). 
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• Under “Project” conditions, TIN increases by 0.1 mg/L for both scenarios at the Riverside 

Narrows. For Scenario 1 with 2020 POTW’s discharges an increase by 0.1 mg/L is 

simulated at the Prado Dam.  The remaining results are constant for “No Project” and 

“Project” simulations (see Table 4). 

 

• No project and Project surface flow and water quality, for both RNASRP diversions of 

64.3 cfs and 200 cfs, are well within the requirements set by the 1969 Orange County 

Judgment. 
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City of Riverside

Assessment of Downstream Surface Water Quality Impacts from the

Riverside North Aquifer Storage and Recovery Project

Table 1

TDS

(mg/L)

TIN

(mg/L)

Projected

Recycling

(MGD)

Discharge to

Santa Ana River

(MGD)

TDS

(mg/L)

TIN

(mg/L)

Projected

Recycling

(MGD)

Discharge to

Santa Ana River

(MGD)

City of Beaumont
A

2010 490 6 0.0 3.0 490 6 0.0 3.0

  Wastewater Treatment Plant #1 2020 490 6 4.3 1.8 490 6 4.3 1.8

Yucaipa Valley Water District
B

2010 540 6 0.0 6.6 540 6 0.0 6.6

  H. N. Wochholz WTP 2020 540 6 7.3 0.9 540 6 7.3 0.9

City of Rialto
C

2010 490 10 0.4 8.6 490 10 0.4 8.6

  Rialto Wastewater Treatment Plant 2020 490 10 2.4 9.6 490 10 2.4 9.6

San Bernardino/Colton
D

2010 550 10 16.0 14.0 550 10 16.0 14.0

  RIX Facility 2020 550 10 16.0 14.0 550 10 16.0 14.0

City of Riverside
E 2010 650 12.86 0.2 39.8 650 13<38 MGD, 10>38 MGD 1.5 38.5

  Regional Water Quality Control Plant 2020 650 12.29 0.2 49.8 650 13<38 MGD, 10>38 MGD 8.9 41.1

Inland Empire Utilities Agency
F

2010 550 8 13.0 21.0 550 8 13.0 21.0

  RP1 001 Prado 2020 550 8 23.0 13.0 550 8 23.0 13.0

Inland Empire Utilities Agency
F

2010 550 8 7.0 3.0 550 8 7.0 3.0

  Carbon Canyon WRP 2020 550 8 9.0 3.0 550 8 9.0 3.0

Inland Empire Utilities Agency
F

2010 550 8 4.0 8.0 550 8 4.0 8.0

  RP-5 2020 550 8 10.0 14.0 550 8 10.0 14.0

Inland Empire Utilities Agency
F

2010 550 8 12.0 2.0 550 8 12.0 2.0

  RP1 002 Cucamonga and RP 4 2020 550 8 12.0 2.0 550 8 12.0 2.0

Western Riverside Count
G

2010 625 10 0.0 8.0 625 10 1.0 6.2

  Regional Wastewater Authority WTP 2020 625 10 0.0 11.6 625 10 2.0 9.6

City of Corona
H

2010 700 10 0.8 8.4 700 10 7.7 1.5

  Wastewater Treatment Plant #1 2020 700 10 0.8 10.8 700 10 10.1 1.5

City of Corona
H

2010 - - - - - - - -

  Wastewater Treatment Plant #2 2020 - - - - - - - -

City of Corona
H

2010 700 10 0.3 0.7 700 10 0.5 0.0

  Wastewater Treatment Plant #3 2020 700 10 0.3 0.7 700 10 0.8 0.0

Lee Lake Water District
H

2010 650 13 0.4 1.2 650 13 0.6 0.2

  Wastewater Treatment Plant 2020 650 13 0.4 1.2 650 13 0.9 0.4

Elsinore Valley Municipal Water District
I

2010 700 13 1.2 6.8 700 13 7.1 0.0

  Regional WWRP 2020 700 13 1.2 9.9 700 13 11.1 0.0

Eastern Municipal Water District
J

2010 650 10 29.2 27.0 650 10 42.4 13.8

  (all treatment plants combined) 2020 650 10 29.2 42.0 650 10 49.4 21.8

Total 2010 84.5 158.1 Total 2020 113.2 126.4

Total 2020 116.1 184.3 Total 2010 167.2 132.7

Note: Table reproduced from "2008 Santa Ana River Wasteload Allocation Model Report", Wildermuth Environmental, Inc., 2009.

          MDG: Million Gallons per Day

References:

A - Joe Reichenberger, Beaumont Cherry Valley Water District F - LeAnne Hamilton - Inland Empire Utilities Agency

B - Jack Nelson, Yucaipa Valley Water District G - Linda Garcia, Western Municipal Water District

C - William Hunt, Consultant to the City of Rialto H - SAWPA OWOW Recycled Water Pillar Draft Document

D - John Claus, City of San Bernardino I - Phil Miller - Elsinore Valley Municipal Water District

E - Chandra Johannesson, City of Riverside J - Jayne Joy - Eastern Municipal Water District (rate applied for 6 months (Oct-Mar))

Wasteload Allocation Model Simulated 2010 and 2020 Publically Owned Treatment Plant Projected Discharges to the Santa Ana River

Year

RNASRP Scenario 1 RNASRP Scenario 2

Agency

Temescal Creek:

San Timoteo Creek:

Santa Ana River Reach 4:

Santa Ana River Reach 3:

Chino Creek/Cucamonga Creek/Prado Basin:
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Assessment of Downstream Surface Water Quality Impacts from the

Riverside North Aquifer Storage and Recovery Project

Diversion Point
1 

(Santa Ana Reach 4)

Riverside Narrows
1

(Santa Ana Reach 3)

Prado Dam
1

(Santa Ana Reach 3)

Diversion Point
1 

(Santa Ana Reach 4)

Riverside Narrows
1

(Santa Ana Reach 3)

Prado Dam
1

(Santa Ana Reach 3)

cfs cfs cfs cfs cfs cfs

2010 33.5 94.8 325.4 29.5 91.5 322.3

2020 33.4 96.2 345.0 29.4 92.9 341.8

2010 33.5 94.8 300.1 29.5 91.5 296.9

2020 33.4 96.2 303.0 29.4 92.5 299.8

1
WLAM simulated average values are for hydrologic period from 1949 through 1999.

Abbreviations:

WLAM: Waste Load Allocation Model

POTW: Publicly Owned Treatment Works

TDS: Total Dissolved Solids

TIN: Total Inorganic Nitrogen

2

No Project Project

Wasteload Allocation Model Simulated Average Daily Flow with RNASRP Diversion of 64.3 cfs

at Diversion Point, Riverside Narrows and Prado Dam Locations

NRASRP 

Scenarios

POTW Discharge 

Rate Planning 

Year

1

T
a

b
le

 2
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City of Riverside

Assessment of Downstream Surface Water Quality Impacts from the

Riverside North Aquifer Storage and Recovery Project

Table 3

Santa Ana Reach 

3

Santa Ana Reach 

4

Diversion Point
2 

(Santa Ana 

Reach 4)

Riverside Narrows
2

(Santa Ana River

Reach 3)

Prado Dam
2

(Santa Ana River

Reach 3)

Diversion Point
2 

(Santa Ana Reach 

4)

Riverside Narrows
2

(Santa Ana River

Reach 3)

Prado Dam
2

(Santa Ana River

Reach 3)

Riverside Narrows
2

(Santa Ana River

Reach 3)

Prado Dam
2

(Santa Ana River

Reach 3)
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

2010 209.1 644.1 640.3 209.1 647.8 641.1 3.7 0.8

2020 209.0 639.2 641.9 209.0 642.9 642.7 3.7 0.8

Difference Due to 2010 and 2020 POTW Discharges: 4.9 -1.6 4.9 -1.6

Santa Ana Reach 

3

Santa Ana Reach 

4

Diversion Point
2 

(Santa Ana 

Reach 4)

Riverside Narrows
2

(Santa Ana River

Reach 3)

Prado Dam
2

(Santa Ana River

Reach 3)

Diversion Point
2 

(Santa Ana Reach 

4)

Riverside Narrows
2

(Santa Ana River

Reach 3)

Prado Dam
2

(Santa Ana River

Reach 3)

Riverside Narrows
2

(Santa Ana River

Reach 3)

Prado Dam
2

(Santa Ana River

Reach 3)
mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

2010 209.1 644.1 640.5 209.1 647.8 641.3 3.7 0.8

2020 209.0 639.2 641.8 209.0 642.9 642.7 3.7 0.9

Difference Due to 2010 and 2020 POTW Discharges: 4.9 -1.4 4.9 -1.4

1
Source: 1995 Water Quality Control Plan, Santa Ana Regional Water Quality Control Board.

2
WLAM simulated average values are for hydrologic period from 1949 through 1999.

Abbreviations:

WLAM: Waste Load Allocation Model

POTW: Publicly Owned Treatment Works

TDS: Total Dissolved Solids

TIN: Total Inorganic Nitrogen
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Table 4
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mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

2010 2.1 8.9 8.1 2.1 9.0 8.1 0.1 0.0

2020 2.1 8.9 8.1 2.1 9.0 8.2 0.1 0.1

Difference Due to 2010 and 2020 POTW Discharges 0.0 0.0 0.0 -0.1
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mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

2010 2.1 8.9 8.1 2.1 9.0 8.1 0.1 0.0

2020 2.1 8.9 8.1 2.1 9.0 8.1 0.1 0.0

Difference Due to 2010 and 2020 POTW Discharges 0.0 0.0 0.0 0.0

1
Source: 1995 Water Quality Control Plan, Santa Ana Regional Water Quality Control Board.

2
WLAM simulated average values are for hydrologic period from 1949 through 1999.

Abbreviations:

WLAM: Waste Load Allocation Model

POTW: Publicly Owned Treatment Works

TDS: Total Dissolved Solids

TIN: Total Inorganic Nitrogen
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Diversion Point
1 
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1
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1

(Santa Ana Reach 3)

Diversion Point
1 

(Santa Ana Reach 4)

Riverside Narrows
1

(Santa Ana Reach 3)

Prado Dam
1

(Santa Ana Reach 3)

cfs cfs cfs cfs cfs cfs

2010 33.5 94.8 325.4 25.2 87.9 318.9

2020 33.4 96.2 345.0 25.1 89.3 338.4

2010 33.5 94.8 300.1 25.2 87.9 293.5

2020 33.4 96.2 303.0 25.1 89.3 296.4

1
WLAM simulated average values are for hydrologic period from 1949 through 1999.

Abbreviations:

WLAM: Waste Load Allocation Model

POTW: Publicly Owned Treatment Works

TDS: Total Dissolved Solids

TIN: Total Inorganic Nitrogen
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Table 6
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2

(Santa Ana River
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mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

2010 209.1 644.1 640.3 209.1 649.6 641.5 5.5 1.2

2020 209.0 639.2 641.9 209.0 644.7 643.1 5.5 1.2

Difference Due to 2010 and 2020 POTW Discharges 0.0 4.9 -1.6 0.0 5.0 -1.6

Wasteload Allocation Model Simulated Average Daily TDS Concentrations with RNASRP Diversion of 200 cfs

at Diversion Point, Riverside Narrows and Prado Dam Locations

RNASRP Scenario 1

Difference Between 

No Project and Project

550
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1

700
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ProjectNo Project

Difference Due to 2010 and 2020 POTW Discharges 0.0 4.9 -1.6 0.0 5.0 -1.6
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mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

2010 209.1 644.1 640.5 209.1 649.6 641.5 5.5 1.1

2020 209.0 639.2 641.8 209.0 644.7 643.1 5.5 1.3

Difference Due to 2010 and 2020 POTW Discharges 0.0 4.9 -1.4 0.0 5.0 -1.6
1
Source: 1995 Water Quality Control Plan, Santa Ana Regional Water Quality Control Board.

2
WLAM simulated average values are for hydrologic period from 1949 through 1999.

RNASRP Scenario 2

550 700
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WLAM simulated average values are for hydrologic period from 1949 through 1999.

Abbreviations:

WLAM: Waste Load Allocation Model

POTW: Publicly Owned Treatment Works

TDS: Total Dissolved Solids

TIN: Total Inorganic Nitrogen
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Table 7
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mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L mg/L

2010 2.1 8.9 8.1 2.1 9.0 8.1 0.1 0.0

2020 2.1 8.9 8.1 2.1 9.0 8.2 0.1 0.1

Difference Due to 2010 and 2020 POTW Discharges 0.0 0.0 0.0 0.0 0.0 0.0

10 10
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Planning Year

Wasteload Allocation Model Simulated Average Daily TIN Concentrations with RNASRP Diversion of 200 cfs
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2010 2.1 8.9 8.1 2.1 9.0 8.1 0.1 0.0

2020 2.1 8.9 8.1 2.1 9.0 8.1 0.1 0.0

Difference Due to 2010 and 2020 POTW Discharges 0.0 0.0 0.0 0.0 0.0 0.0
1
Source: 1995 Water Quality Control Plan, Santa Ana Regional Water Quality Control Board.

2
WLAM simulated average values are for hydrologic period from 1949 through 1999.
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TIN: Total Inorganic Nitrogen
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Chapter 1 Introduction 
This chapter describes the objectives of developing the Riverside-Arlington numerical Groundwater Flow 
Model (RAGFM), including a list of intended uses and users of the model. This chapter also compares the 
modeling objectives to those of prior studies and provides the model development criteria. 

1.1 Goals of the Riverside-Arlington Groundwater Flow Model 
The general goal of the RAGFM development is to provide multifaceted support to Riverside Public 
Utilities (RPU) and the Western Municipal Water District (WMWD) as they manage their groundwater 
resources. RPU and WMWD actively manage groundwater with extensive monitoring and testing. 
Additionally, there is an ongoing expansion of groundwater management activities, including increased 
groundwater level monitoring, development of recharge basins, and creation of groundwater management 
plans (GWMPs), with associated management activities. These activities can be significantly enhanced 
through the use of the RAGFM.  

The RAGFM and its development process afford a more in-depth understanding of the Riverside and 
Arlington groundwater basins’ characteristics and behaviors, and their relationship with neighboring 
basins. This knowledge will lead to an estimate of the safe yield for Riverside North, Riverside South, 
and Arlington basins. The understanding of the conditions of the basins, along with the extensive database 
and visualization tools that are part of the model, will also optimize monitoring, identifying data gaps that 
need additional monitoring and ensuring that the overall monitoring program is delivering excellent data 
coverage in an efficient manner.  

The RAGFM can assist in the development of conjunctive use projects. Model datasets can help site 
recharge facilities through analysis of soils data, aquifer data, and unsaturated aquifer storage space. The 
model also can be used to estimate the mounding and movement of recharged water and the regional 
benefits of the recharge.  

Different management alternatives that are considered as part of GWMPs can be tested using the 
groundwater model, which can also provide visualization tools to assist in conveying the information to 
stakeholders and the general public. Variability in supply sources, recharge operations, and levels of 
demand can all be tested over a long-term horizon using the groundwater model. This ensures that 
management alternatives meet the goals and objectives developed by the stakeholders in the GWMP 
process. 

1.2 Intended Users of RAGFM 
The primary users of the RAGFM will be RPU and the WMWD staff. The RAGFM was developed in 
cooperation with local water agencies and stakeholders and can be used to simulate their projects of 
interest. Additionally, regional agencies can use the model to assist in developing regional projects with 
components in the model area, such as water banking. The local water agencies and stakeholders are:  

• City of Colton 
• Jurupa Community Services District 
• Riverside Highland Water Company 
• Rubidoux Community Services District 
• West Valley Municipal Water District 
• San Bernardino Valley Municipal Water District  
• City of San Bernardino – Rapid Infiltration Extraction (RIX) facilities 
• Western-San Bernardino Watermaster  
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The RAGFM was developed in coordination with a Technical Advisory Committee (TAC), consisting of: 

• Mark Norton - Santa Ana Watershed Project Authority (SAWPA) 
• Dennis Williams - Geoscience Support Services, Inc. 
• Ken Williams – Santa Ana Regional Water Quality Control Board (SARWQCB) 
• Linda Woolfenden – U.S. Geological Survey (USGS) 

1.3 Intended Uses of RAGFM 
The overall project goal was to develop the RAGFM so that it could be used to assist in developing the 
following preliminary projects. The projects of interest are: 
  

• Water Resources Planning and Basin Management 
o Development of GWMPs for Riverside Basin and Arlington Basin 
o Generation of simulated water budgets for each basin  
o Calculation of safe yield for each basin 

• Conjunctive Use / Artificial Recharge 
o Simulation of artificial recharge and groundwater extraction at: 

 Basins adjacent to the Santa Ana River 
 County of Riverside flood control basins 
 The following WMWD basins: 

• Monroe Basin 
• Victoria and Jackson Basin 
• Metrolink Basin 

o Locating additional desalter wells in:  
 Riverside South Basin to produce 10,000 acre-feet per year of potable water 
 Arlington Basin 

o Locating additional WMWD production wells near the Santa Ana River 
• Project Feasibility 

o Reduced use of RIX facility by cities of San Bernardino and Colton 
 
RPU and WMWD used a subset of these projects to define the model scenarios that were using RAGFM. 
To meet these goals, the model must be widely accepted by stakeholders. This was achieved through a 
transparent development process supported by the TAC, local water agencies, and GWMP advisory 
groups and stakeholders. The model has a firm and accepted technical basis for analysis of future projects 
and conditions.  

1.4 Comparison to Objectives of Previous Studies 
There are four groundwater models that were developed for parts or all of the Riverside-Arlington Model 
area. A summary of the objectives of these models follows. 

• Riverside-Arlington Basin Model (GeoTrans, 2003): 
o Identify the sources of recharge to the Riverside Basin and determine the quantity and 

best location of artificial recharge that could be developed to improve water supply 
reliability 
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o Determine the sustainable yield of the Riverside Basin 
o Determine the impact of groundwater production south of Highway 60 on other wells 

• Arlington Basin Model (Wildermuth, 2008): 
o Determine the impact of desalter expansion producing 10 million gallons per day of 

product water 
o Evaluate the effect of artificial recharge operations to imitate the drawdown caused by 

the increased pumping 
• RIX Facility Model (CH2M HILL, 2003) 

o Evaluate the historical operations of the RIX facility 
o Provide guidance for future operations of the RIX facility 

• Rialto-Colton Basin Model (USGS, 2001) 
o Determine the movement and disposition of recharged imported water 
o Simulate long-term effects of three artificial recharge projects 

The objectives of the RAGFM are more comprehensive than previous models and cover all of the 
previously modeled areas. The RAGFM is capable of simulating projects similar to the ones simulated in 
previous studies as well as projects with basin-wide impacts. 

1.5 Model Development Criteria 
Project objectives influenced the design of the RAGFM by determining the model domain, grid 
resolution, time scale, calibration target, and model outputs. Some of the design specifications of the 
RAGFM were defined by the RPU and WMWD in the Request for Proposals. These specifications 
include: 

• Model Domain: Riverside Basin, Arlington Basin, and a portion of the Rialto-Colton Basin. 
These basins are hydraulically connected and will be simulated as one regional model. 

• Transient state numerical model. 
• Calibration Period: 1976-2005 
• Model Boundaries: The San Jacinto Fault as the northern boundary, use of physical boundaries 

rather than arbitrary steady-state boundaries. 
• Modeling Code: Groundwater Vistas with MODFLOW-2000 code. 
• Model Layers: Model layers will be defined using the hydrogeologic cross sections developed by 

Numeric Solutions, LLC. 
• Model Output: The model output should provide information for analysis of model simulations of 

conjunctive use and desalter wells. Water budgets and safe yield will be calculated for Riverside 
North, Riverside South, and Arlington basins. 

These specifications were incorporated into the model design. Additionally, the following general 
specifications were considered in the RAGFM development so it can be used to simulate the projects of 
interest. 

• Calibration Period: The suggested calibration period was reviewed and extended to include 
important historical hydrologic events of 1965 to 1975 period. 

• Calibration Wells: Calibration wells were selected to include wells in the project areas. 
• Grid Resolution: Model grid resolution was refined to adequately represent the projects of 

interest.  
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• Boundary Conditions: Physical boundaries were used for important model boundaries, such as 
Riverside Narrows, Arlington Narrows, and the Rialto-Colton Fault. 

• Hydrologic Components: Major hydrologic components, such as deep percolation from rain and 
applied water and recharge from the Santa Ana River will be represented. 

 

Chapter 2 Numerical Model Development 
The RAGFM is a saturated groundwater flow model that is constructed using the U.S. Geological Survey 
(USGS) groundwater flow code MODFLOW-2000 (Harbaugh, 2000) and the pre- and post-processor 
program of Groundwater Vistas (GV) Version 5 (Rumbaugh and Rumbaugh, 2007).  The California 
Department of Water Resources (DWR) IDC code was used for estimation of deep percolation from 
rainfall and irrigation (Dogrul, 2007). 

2.1 Model Domain 
The model domain for RAGFM was defined by the hydrologic and hydrogeologic setting of the study 
area, and with considerations for future applications of the numerical groundwater model.  The 
boundaries of RAGFM are primarily based on the boundaries of the Riverside-Arlington Basin (Basin 8-
2.03) and Rialto-Colton Basin (Basin 8-2.04), as defined by the DWR Bulletin 118 (Figure 1).  The 
RAGFM area covers a total of 95.5 square miles, consisting of 23.2 square miles in the Arlington Basin, 
65.3 square miles in the Riverside Basin, and 7 square miles in the Rialto-Colton Basin. 

The boundaries of RAGFM consist of the Bloomington Divide with the Chino Basin at the northwestern 
boundary; Jurupa Mountains, Pedley Hills, Riverside Narrows and other surface topographic features at 
the western boundary; Arlington Narrows at the southwestern boundary; the Box Springs Mountains at 
the southern and eastern boundaries; the San Jacinto Fault at the northeastern boundary; and Rialto Basin 
at the northern boundary.  The internal boundary between the Riverside Basin and Arlington Basin is 
based on the 1969 Judgment (1969 Western Judgment) boundaries.  The Rialto-Colton Fault represents 
the internal boundary between the Riverside and Rialto-Colton basins.  Riverside Basin is divided into 
Riverside North and Riverside South basins at the Riverside-San Bernardino county line, consistent with 
the 1969 Judgment.  This is also the boundary between the San Bernardino Valley Municipal Water 
District and the Western Municipal Water District (WMWD).  

The RAGFM area is primarily an urban area, although it has a significant agricultural area.  Historically, 
groundwater has been used for irrigation purposes and municipal water supplies.  Groundwater used in 
the RAGFM area is pumped from wells in both the model area and the Bunker Hill Basin to the northeast.  
To meet the water demands in the model area, the groundwater supplies are supplemented in dry years by 
imported water from the Metropolitan Water District.  The general movement of groundwater in the 
model area is from the northeast to the west and southwest direction, towards the Chino and Temescal 
basins. 

2.2 Model Grid 
The RAGFM grid was developed using GV (Figure 2).  The model grid consists of 300 rows and 609 
columns or 182,700 50 x 50 meters (164 x 164 feet) cells per model layer.  The grid is rotated 51 degrees 
counterclockwise from east to approximately align the column directions with the Rialto-Colton Fault and 
the row directions with the general groundwater flow direction.  The coordinates of the lower left corner 
of the grid, in NAD 83 State Plane Zone 6, are Easting (X) = 6,201,727 feet and Northing (Y) = 
2,245,896 feet.  The horizontal extent of the active model cells within the model domain is shown in 
Figure 3.  The grid cells outside the model domain are designated as inactive.  Zoomed in views of the 
model area with Flume Wells, RIX Facility, and Arlington Desalter Wells are shown as a reference for 
model grid resolution. 
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2.3 Model Layers 
The model layering is based on a three dimensional geologic model (3D Geologic Model) of the 
Arlington, Riverside, and southern parts of Rialto-Colton basins that was developed by Numeric 
Solutions, LLC of Ventura, California (Numeric Solutions, 2009).  The 3D Geologic Model was 
developed using a database of well logs in the model area.  It was also dovetailed with the three 
neighboring groundwater models for Bunker Hill Basin (Geoscience, 2009), Rialto-Colton Basin 
(Woolfenden and Koczot. 2001) and Chino Basin (Wildermuth, 2007).   

The model layers in MODFLOW are numbered downward with Layer 1 being at the top.  The top of the 
model is equivalent to land surface and the bottom of the model is equivalent to the bedrock surface.  
RAGFM consists of three layers.  Layer 1 represents a band of coarser alluvium and river deposits along 
the Santa Ana River.  The top of Layer 1 corresponds to ground surface.  Layer 2 consists of upper 
alluvium with higher conductivities.  The top of Layer 2, where Layer 1 does not exist, corresponds to 
ground surface.  The bottom of Layer 2, where Layer 3 does not exist, corresponds to bedrock surface.  
Layer 3 consists of deeper alluvium with lower conductivities.  The bottom of Layer 3 corresponds to 
bedrock surface.  Layer 3 is not present in Arlington Basin where aquifer thickness is less than Riverside 
and Rialto-Colton Basins.   The active model cells for Layers 1 to 3, as generated by GV, are shown in 
Figures 4 to 6, respectively.  Cross-sections of model layers along row 165 and column 427 are shown in 
Figures 7 and 8, respectively.  There are 13,705; 72,391; and 45,126 active model cells in Layers 1, 2, and 
3, respectively.  There are a total of 131,222 active model cells.   

2.4 Simulation Time Period 
The simulation time period of RAGFM is from 1965 to 2007 calendar years, consisting of a forty-one-
year calibration period of 1965 to 2005 and a two-year validation period from 2006 to 2007.   The 
simulation period represents the long-term average hydrological conditions in the model area and includes 
several wet and dry cycles.  The long-term annual rainfall at Riverside Station 179 is illustrated in Figure 
9 for calendar years 1880-2007.  The locations of Riverside Rainfall Station 179 and several stream gages 
are presented in Figure 10.  The 1965-2007 rainfall average of 10.3 inches per year is equal to the long-
term (1880-2007) rainfall average of 10.3 inches per year at the Riverside Rainfall Station 179.  
Approximately 73% of annual rainfall occurs from December to March (Figure 11).  The Santa Ana River 
is the major source of surface water in the model area and provides significant amounts of groundwater 
recharge, especially during flood events.  The simulation period includes eight major flood events of the 
Santa Ana River (Figure 12).   

2.5 Model Stress Periods and Time Steps 
The simulation time in MODFLOW is divided into stress periods and time steps.  The stress periods are 
the time periods within which the aquifer stresses such as pumping and recharge rates do not change.  
Depending on the availability of data, stress periods usually range from one month to one year.  The data 
for RAGFM are available with various frequencies.  Rainfall and streamflow data are available on a daily 
basis.  In contrast, groundwater production data is available monthly.  Groundwater elevation data for 
most wells is only available twice per year.  A stress period of one month was used for RAGFM.  
Monthly averages of daily data were used for each stress period.  A monthly time step consistent with the 
monthly stress period was used for the model calibration and validation.  

2.6 Initial Groundwater Elevations 
The initial groundwater elevations were estimated in GIS from reported groundwater elevations of Spring 
1965, and were specified for every active model cell.  Figure 13 shows a contour map of the initial 
groundwater elevations.  Since there are not enough data to map the initial groundwater elevations for 
each layer, same initial groundwater levels were used for all layers. 
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2.7 Boundary Conditions 
The RAGFM area is bounded on the northwest by Chino Basin; to the west by Jurupa Mountains, Pedley 
Hills, Riverside Narrows and other surface topographic features; to the southwest by Arlington Narrows; 
to the south and east by the Box Springs Mountains; to the northeast by the San Jacinto Fault; and to the 
north by the southern parts of Rialto Basin.  The RAGFM boundaries are presented in Figure 14 and 
Table 1 and are represented in the model as follows.   

1) San Jacinto Fault: Previous studies indicated that underflow from the Bunker Hill Basin 
through the San Jacinto Fault is correlated with the groundwater elevations in the Heap well 
(DWR, 1971 and Danskin et al, 2005). Most of the underflow through the San Jacinto Fault 
occurs in the shallower aquifer in the vicinity of the Santa Ana River.  The flow through the 
San Jacinto Fault will be represented by 5 injection wells in the vicinity of the Santa Ana 
River.   The wells inject water into model Layers 1 and 2.  The underflow rates through the 
San Jacinto Fault are presented in Table 1.  

2) Boundary with Northern Portion of Rialto-Colton Basin: This boundary is represented as 
general-head boundary condition with the head values equal to groundwater elevations in 
Rialto-Colton Basin immediately north of the boundary.  The properties and groundwater 
elevations of this boundary are presented in Table 1. 

3) Chino Basin Boundary: The underflow through the boundary with Chino Basin at 
Bloomington Boundary is represented by five wells extracting groundwater from model Layers 
2 and 3. 

4) Riverside Narrows: The current and historical groundwater elevations at Riverside Narrows 
are approximately 730 feet MSL and show no significant fluctuation with time.  Groundwater 
elevations at the entrance to the Riverside Narrows are the lowest in the Basin and this is a 
point of discharge for groundwater.  Discharge of groundwater at Riverside Narrows is 
represented by using a set of constant-head cells at the Riverside Narrows.   

5) Hole Lake Area: Groundwater discharge at the Hole Lake area is represented by a set of 
general-head boundary conditions.  The groundwater elevations for the general-head cells are 
based on historical groundwater elevations at the Hole Lake area. 

6) Arlington Narrows: This boundary is represented as general-head boundary condition with 
the head values equal to groundwater elevations at the Arlington Narrows west of the 
boundary. 

7) Rialto-Colton Fault: Rialto-Colton Fault is represented as a leaky horizontal flow barrier and 
is simulated with the MODFLOW-2000 Horizontal Flow Barrier (HFB) package. 

8) Santa Ana River: Santa Ana River is simulated with the MODFLOW-2000 River (RIV) 
package. 

2.8 Deep Percolation 
Distributed groundwater recharge or deep percolation in the model area is a result of:  

• Rainfall over the model area and the surrounding small watersheds, and  
• Applied water from irrigation of agricultural lands and urban landscaping.  

The model area and the surrounding small watersheds are divided into 113 subregions based on similar 
land use and hydrologic soil characteristics with 84 subregions covering the groundwater model area and 
29 subregions covering small watersheds (Figure 15).  Monthly deep percolation rates were calculated by 
the DWR IDC code for each subregion.   

The soil characteristics and acreages of agricultural, urban, native, and park areas of the subregions were 
determined from the latest soil type data (NRCS, 2009) and several land use coverage sources as follows: 
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• 1968 Land Use (Scott, 1976) 
• 1990, 1993, 2001, and 2005 Land Use (SCAG, 2009) 
• 2008 Land Use (RPU, 2008) 
• Aerial Photo (WMWD, 2008) 

 

Annual land use data files were generated for the IDC code using the above land use data.  The land use 
characteristics of 1993 and 2008 conditions of the subregions are presented in Tables 2 and 3.   The land 
use characteristics of 1968 were used for 1965 to 1967.  The land use characteristics for years without 
land use data were linearly interpolated from the available land use data. 

Monthly deep percolation rates for the subregions in the model area, as calculated by the IDC code, were 
processed outside MODFLOW and then applied directly to the model cells associated with each 
subregion.  The groundwater underflow as well as recharge from runoff from small watersheds is a source 
of recharge to the model area.  Some of the runoff from the small watersheds is recharged through the 
unlined segments of drainage canals.  Groundwater recharge at the small watersheds is assigned as 
underflow to the corresponding model cells at the edge of the active model cells. 

2.9 Groundwater Production 
Groundwater production in the model area is primarily for municipal use, with minor production from 
private wells used for agricultural and miscellaneous purposes.  Groundwater production data in the 
model area is based on data received from the San Bernardino-WMWD Watermaster, Riverside Public 
Utilities, and several local water agencies.  Locations of the existing and former production wells in the 
RAGFM area are presented in Figures 16 to 18.  Average annual groundwater production rates of these 
wells are presented in Table 4.  Annual groundwater production rates by various agencies in Riverside-
North, Riverside South, Arlington, Rialto-Colton basins, and the total model area for 1965 to 2007 are 
presented in Figures 19 to 24.   

In MODFLOW, groundwater production is simulated using the well (WEL) package and assigning 
pumpage to model cells.  Additionally, GV provides a grid-independent analytical element (AE) tool for 
simulation of wells.  Analytical wells are defined by their spatial coordinates (X and Y) rather than grid 
cell (row and column) coordinates.  GV assigns the wells to model cells when it generates the model data 
files.  The production wells of the RAGFM are represented by analytical elements. 

2.10 Aquifer Parameters 
Aquifer parameters of horizontal and vertical hydraulic conductivity, storage coefficient, and specific 
yield are provided for each active model cell.  The zone option of GV was used for assigning aquifer 
parameters to model cells.  Each zone has uniform properties and aquifer properties do not change from 
cell to cell within each zone.  The initial values of aquifer parameters, prior to adjustment during the 
calibration process, were based on: 

• Values reported by previous modeling studies in the model area (CH2M Hill, 2003; GeoTrans, 
2003; Wildermuth, 2008; and Wolfenden and Koczot, 2001), 

• Data from recent RPU aquifer test in the Flume wells area (Tom Field, 2009, Personal 
Communications), and 

• Zones of similar aquifer materials as defined by the 3D Geologic Model (Numeric Solutions, 
2009). 

The above information were used to develop model zones of similar aquifer parameters.  The estimated 
aquifer parameters for model zones were adjusted during the model calibration process.   The parameter 
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zones of all model layers are presented in Figures 25 to 27.  The calibrated parameter values for each 
property zone are provided in Table 5. 

Chapter 3 Model Calibration 
Model calibration can be defined as “a process that uses a model to achieve a match between the recorded 
(i.e., historical) and simulated distribution(s) of dependent variable(s) by choosing a range of possible 
values of the independent variable(s)” (AWWA, 2001).  In calibration of groundwater models the inverse 
problem is solved, that is, the distribution of the dependent variable (such as groundwater elevation) is 
known and measurable, while the distribution of the independent variable (such as hydraulic conductivity 
of an aquifer) can be estimated within a range of possible values.  In such a situation, the independent 
variables are adjusted for model calibration and these variables are called model ‘parameters’.   The 
model parameters are adjusted using manual methods, automatic parameter estimation techniques, or a 
combination of both.  The most important calibration parameters of the RAGFM are the aquifer properties 
such as hydraulic conductivity and specific yield and properties of model boundary conditions such as 
streambed hydraulic conductivity of Santa Ana River and hydraulic conductivity of Rialto-Colton Fault.   

After calibration, the groundwater model includes the “ best or most reasonable estimates of such model 
parameters, which are then used to predict the future response of a dependent variable (such as 
groundwater elevation) under a changed land use or water use plan” (AWWA, 2001).  

The purpose of this section is to present the process used to calibrate the RAGFM.  This section is 
organized as follows: 

• Calibration Process, 
• Calibration Data, 
• Calibration Targets, and 
• Calibration Results. 

3.1 Calibration Process 
A well-calibrated groundwater model is capable of representing the physical system and may be used for 
the analysis of groundwater management planning efforts. 

The model calibration begins after the model development and input data are complete.  The intent of 
calibration is to compare model output with observed conditions and values and to adjust model 
parameters so that the simulated conditions (e.g. groundwater elevations hydrographs and groundwater 
elevation contour maps) reasonably represent observed conditions. 

The model calibration can be considered a systematic process, which includes the following series of 
activities: 

1. Set calibration targets; 
2. Calibrate simulated groundwater elevations to observed groundwater elevations by 

changing identified parameters within identified ranges; 
3. Compare calibration performance with the calibration targets established in Step 1; 

evaluate and refine the calibration targets with reference to the available data, modeling 
and data assumptions, and potential use of the models; and 

4. Conduct additional refinements to calibration as necessary. 
 

Calibration of simulated groundwater elevations to observed groundwater elevations was primarily 
performed manually.  PEST, an automated parameter estimation tool, was used in conjunction with the 
manual calibration.  The groundwater elevation calibration is performed in two stages:  
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1. The initial groundwater elevation calibration effort is focused on conforming to the 
regional scale conditions.  This step ensures that overall groundwater flow directions are 
representative of the field conditions. 

2. The focus of the final groundwater elevation calibration is the local calibration wells; 
comparisons are made between the historic time series observations at each calibration 
well and the corresponding simulated time series groundwater elevations.   

 

During the calibration process, adjustments were made to aquifer and model boundaries parameters, 
including: hydraulic conductivity, specific storage, specific yield, streambed hydraulic conductivity of 
Santa Ana River, and hydraulic conductivity of the Rialto-Colton fault. 

3.2 Calibration Groundwater Elevation Data 
RAGFM was calibrated to observed long-term groundwater elevations.  Forty-eight wells from the 
SAWPA and Watermaster databases well inventory were selected for calibration of the model to long-
term trends in groundwater elevations and short-term, seasonal, groundwater elevation fluctuations.  The 
criteria to select calibration wells were primarily based on the length of the period of record and 
availability of information on well location, depth, and perforation intervals.  The criteria were applied so 
that there was sufficient geographic coverage with calibration wells.  The locations of calibration wells 
are presented in Figure 28 and the information pertaining to the calibration wells is summarized in Table 
6.  The IDs in Table 6 were developed in this study for reference to the calibration wells.  The letter in the 
IDs refers to the groundwater management zones.  The selected wells had approximately 4,800 
groundwater elevation measurements during the simulation period.  The selected calibration wells provide 
a fairly good representation of geographic and temporal distributions of the observed groundwater 
elevations in the model area.  

3.3 Calibration Target Residual 
The calibration target residual is a range of allowable residual between simulated and observed 
groundwater elevations.  The acceptable calibration target residual depends on the model purpose; 
location, number and accuracy of water level measurements; and the degree of natural heterogeneity or 
complexity of boundary conditions.  The calibration target residual should be a small fraction of the 
difference between the highest and lowest groundwater elevations across the model domain.  As a rule of 
thumb, if the residual mean and the ratio of the residual standard deviation to the total head change are 
less than 5% and 10% of the total head change across the model domain, respectively, the model 
calibration results are within reasonable statistical range (ASTM, 2002, and SRS, 2006).  In addition, in 
the case of RAGFM, it is desired to have most of the groundwater levels to be within 10 feet of the 
observed heads. 

3.4 Calibration Results 
The RAGFM was calibrated in accordance with the calibration methodology described above.  The 
performance of the RAGFM calibration exceeds the calibration targets. 

The calibrated aquifer parameter values of the RAGFM are presented in Table 5, respectively.  Hydraulic 
conductivity is generally higher in the river channel deposits along the Santa Ana River in model layers 1 
and 2. 

Simulated groundwater elevations at the calibration wells were compared with the observed values for 
long-term trends as well as seasonal fluctuations.  Appendix A presents the plots of simulated and 
observed groundwater elevations at 48 calibration wells during the 1965-2007 simulation period.  The 
simulated values are presented by green lines and the observed values are presented by red points.  
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Overall, the plots in Appendix A show a good match between the simulated and observed values 
capturing the general long-term trends and seasonal fluctuations. 

Comparison of simulated and observed heads for all calibration wells for the 1965-2007 simulation period 
is shown in Figure 29.  Markers with different colors are used for Rialto-Coltin, Riverside, and Arlington 
Basins.  All of the points are distributed around the diagonal line indicating close match of observed and 
simulated heads and robustness of the RAGFM. 

The histogram of residuals between the simulated and observed groundwater elevations for 1965-2007 
simulation period is shown in Figure 30.  Note that more than 60% of the simulated heads are within 10 
feet of observed heads and more than 90% of the simulated are within 25 feet of observed heads.  Table 7 
presents the residual statistics.  The mean of the residual is 0.8 feet indicating a minor overestimation of 
groundwater elevations by the model.  The range in observed groundwater elevations from 1965 to 2005 
is 302 feet.  The ratio of the residual standard deviation to the range of observed data is 5% which is less 
than commonly accepted value of 10%. 

The RAGFM simulated groundwater elevations contours for spring of 1999, 2001, and 2005 are 
presented in Figures 31a, b, and c, respectively.  The selected years are representative of dry, normal, and 
wet hydrologic conditions in the model area.  These figures also show the corresponding available 
observed groundwater elevations at the calibration wells.  The simulated groundwater elevation trends, 
flow directions, and groundwater gradients generally match the observed data.   

The geographic distribution of mean residuals between simulated and observed groundwater elevations at 
calibration wells is shown in Figure 32.   Most calibration wells have a mean residual of less than 10 feet.  
The geographic distribution of mean residuals of less than 10 feet is reasonably evenly spread throughout 
the model area, which is considered fairly good.  Calibration well C1, located in the southern parts of 
Rialto-Colton Basin close to the Rialto-Colton Fault, exhibits a higher residual due to lower simulated 
heads and higher residuals in the first 10 years of the simulation period.  Additional information on 
characteristics of the Rialto-Colton Fault and impact of the Santa Ana River floods on groundwater levels 
in the vicinity of calibration well C1 would allow more accurate simulation of groundwater elevations in 
the southern parts of the Rialto-Colton Basin.  Additional hydrogeologic information in vicinity of the 
calibration wells RF5 and RF7 and information on the volume of groundwater recharge from septic tanks 
in the Riverside Highland area would improve the simulated groundwater elevations.  Generally, 
additional hydrogeologic information and improved model layers thicknesses in the foothills areas would 
allow for more accurate simulation of groundwater elevations.    

3.5 Model Validation  
The validation period of the RAGFM consists of the last two years of the simulation period (2006-2007).  
The residuals targets for validation period are the same as those of the calibration period.  No adjustments 
were made to the aquifer and model boundary parameters for the validation period.  The validation results 
are shown as the last two years of the simulated values in the hydrographs of Appendix A.  Residual 
statistics for the validation period are also presented in Table 7.  There are no significant differences 
between the model calibration and validation results indicating a close match of observed and simulated 
heads for the validation period and a robust model. 

3.6 Water Budgets 
Water budget tables were developed from the model results to quantify the hydrologic components of the 
groundwater basin.  The RAGFM simulates the movement of the primary sources of water coming into 
and leaving the groundwater basin.   

The primary components of the groundwater budget are as follows: 

• Inflows: 
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o Deep percolation from irrigation applied water and rainfall;  
o Recharge due to stream seepage; 
o Recharge from other sources such as seepage from septic tanks in Riverside 

Highland area; and 
o Subsurface inflows from adjacent basins.  

• Outflows: 
o Groundwater production; and 
o Subsurface outflows to adjacent basins. 

Water budget tables were developed for Rialto-Colton Basin, Riverside North Basin, Riverside South 
Basin, Riverside North and Riverside South Basins, Arlington Basin, and Total model area covering all 
basins.  Annual groundwater budget tables for the simulation period (1965–2007) are presented in Tables 
8 to 13.  The budget tables show that the primary sources of aquifer recharge are deep percolation of 
irrigation water and rainfall, gain from streams, and underflow from adjacent basins.   

Schematic representation of the groundwater budgets for Riverside North Basin, Riverside South Basin, 
and Arlington Basin representing the average annual groundwater budget for 1996 to 2007 are presented 
in Figures 33 to 35.  This time period was selected to capture the RIX operation starting in 1996.  Net 
impacts of RIX operation on Santa Ana River streamflows and groundwater in Riverside Basin are 
presented in Tables 14 and 15.  RIX injects and extracts significant quantities of water; however, the net 
impact of RIX operation on groundwater in Riverside Basin is insignificant.  The main impact of RIX is 
increased streamflows of Santa Ana River.   

3.7 Sensitivity Analysis 
A sensitivity analysis of the RAGFM was performed to quantify the sensitivity of the calibrated model to 
specific model parameters and boundary conditions.  The sensitivity analysis was performed by running 
the model with four different values of the selected parameters and comparing the results of the runs to 
results of the calibration run.  Sensitivity analysis was performed for two major aquifer parameters and 
three boundary conditions parameters.  These parameters had significant impacts on model calibration.  
The parameters are as follows: 

• Aquifer Parameters 
o Aquifer hydraulic conductivity 
o Aquifer specific yield 

• Boundary Conditions Parameters 
o Hydraulic conductivity of Rialto-Colton Fault 
o Streambed hydraulic conductivity of Santa Ana River 
o Hydraulic conductivity at the model boundary with the Rialto Basin 

The sensitivity analysis results were obtained for the following model areas: 

• Arlington Basin 
• Riverside South Basin 
• Riverside North Basin 
• Rialto-Colton Basin 

3.7.1 Metrics of Sensitivity Analysis 
A sensitivity metric is a single number derived from the model results and has a unique value for each 
model run corresponding to a given set of data or parameter value.  Two different metrics were selected to 
measure the sensitivity of the model.  The sensitivity metrics used in the analysis are: 
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• Average groundwater elevation at calibration wells, and 
• Average root mean square (RMS) error between observed and simulated groundwater elevations. 

Average groundwater elevations were obtained for Rialto-Colton, Riverside North, Riverside South, and 
Arlington basins.  The average is calculated for groundwater elevations at calibration wells of each basin.  
This can be mathematically expressed by: 

∑
=

=
M

k
kH

M
H

1

1
 

and, 

k
i

L

j
j

N

i
k h

LN
H ]1[1

11
∑∑
==

=  

where, 

M total number of simulation periods, 

Hk average head in the basin at k-th stress period, 

N number of calibration wells in the basin, 

L number of model layers in aquifer, 

hj groundwater elevation at layer j, and 

i, j, k indices for well, layer, and time, respectively. 

The average RMS error at calibration wells in each basin is defined as the average of individual RMS 
error at each calibration well.  The RMS error at a calibration well is defined as follows: 
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where, 

N0 number of observations at well k, 
o

wkh ,  observed groundwater elevation at time step k, at well w, 

s
wkh ,  simulated groundwater elevation at time step k, at well w. 

3.7.2 Hydraulic Conductivity 
The results of the sensitivity analysis are presented with reference to the calibrated RAGFM.  The average 
groundwater elevation in a particular groundwater basin is shown as the difference with the corresponding 
value for the calibration run; in other words, the average groundwater elevation in the specific 
groundwater basin for the calibration run of the RAGFM was subtracted from the corresponding value for 
each sensitivity model run (Figure 36).  Figure 36 indicates that if the hydraulic conductivity is twice the 
calibration value, the range of the change in average groundwater elevations in the RAGFM is 3 to 16 feet 
lower than that of in calibration. 

The RMS error for the groundwater basins calibration wells is also shown as a relative value with 
reference to the corresponding value for the calibration run; that is, the RMS error value for each 
sensitivity run of the model was divided by the corresponding value for the calibration run.  For example, 
Figure 36 shows that the RMS error values increase for all hydraulic conductivity values compared to 
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those used in the calibration run of the RAGFM.  This implies the calibrated hydraulic conductivity value 
provides the minimum RMS error for the calibration wells. 

Groundwater elevations in the Riverside South Basin are least sensitive to changes in hydraulic 
conductivity.  Groundwater elevations in the Arlington Basin and Rialto-Colton Basin are the most 
sensitive to decrease in hydraulic conductivity.  Groundwater elevations in the Riverside North Basin and 
Arlington Basins are the most sensitive to increase in hydraulic conductivity. 

3.7.3 Specific Yield 
The sensitivity of the RAGFM to changes in specific yield is presented in Figure 37.  If the specific yield 
is reduced by half, the range of the change in average groundwater elevations in the groundwater basins 
will be 0.5 to 1.0 feet lower than calibration groundwater elevations.  If the specific yield is doubled, the 
range of the change in average groundwater elevations will be 0.5 feet lower to 2 feet higher than 
calibration groundwater elevations.  Figure 37 shows that the RMS error values increase for all specific 
yield values compared to those used in the calibration run of the model.  Groundwater elevations in the 
Arlington Basin are the most sensitive to changes in specific yield.  

3.7.4 Hydraulic Conductivity of Rialto-Colton Fault 
The sensitivity of the RAGFM to changes in hydraulic conductivity of Rialto-Colton Fault is presented in 
Figure 38.  Reducing hydraulic conductivity of the Rialto-Colton Fault decreases the amount of 
underflow from Rialto-Colton Basin to Riverside Basin through the fault.  When fault hydraulic 
conductivity is reduced by 50%, heads in the Rialto-Colton Basin increase by approximately 0.6 feet 
while the heads in the Riverside North Basin decrease by approximately 0.5 feet.  The impact is less 
significant away from the fault in the Riverside South and Arlington Basins.  In contrast, increasing 
hydraulic conductivity of the fault increases the amount of underflow through the fault and the heads in 
the Rialto-Colton Basin are decreased while the heads in Riverside North Basin increase. 

3.7.5 Streambed Hydraulic Conductivity of Santa Ana River 
The sensitivity of the RAGFM to changes in streambed hydraulic conductivity of Santa Ana River is 
presented in Figure 39.  It can be seen from the figure that the reduction of streambed hydraulic 
conductivity to 50% of the calibrated value results in approximately 16 feet, 13 feet, and 8 feet lower 
groundwater elevation in the Rialto-Colton, Riverside South and Riverside North Basins, respectively.  
No significant impact is observed for the Arlington Basin.  When streambed hydraulic conductivity 
values are increased two times, the groundwater elevations in the three basins are about 16 feet, 8 feet, 
and 5 feet higher than calibration heads. 

3.7.6 Hydraulic Conductivity of Model Boundary with Rialto Basin 
The sensitivity of the RAGFM to changes in hydraulic conductivity of the general head model cells at the 
boundary with Rialto Basin is shown in Figure 40.  It can be seen from the figure that a reduction of 
hydraulic conductivity at this boundary results in lower subsurface inflow into the model area and lower 
groundwater heads.  The impact is most significant in Rialto-Colton Basin and least significant in the 
Riverside South Basin.  No impact is observed in Arlington Basin.  Increase of hydraulic conductivity at 
the boundary with Rialto Basin results in higher subsurface inflows and groundwater heads.  The impact 
is most significant in the Rialto-Colton Basin and decreases away from the boundary in the Riverside 
South Basin.  

3.7.7 Summary 
The results of the sensitivity analysis for the RAGFM indicate that the model responds in the expected 
manner in response to changes in aquifer and boundary parameters and the calibrated parameters generate 
a better match of the simulated and observed groundwater elevations. 
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Chapter 4 RAGFM Summary and Recommendations 
4.1 Summary 
The RAGFM simulates the monthly groundwater flow in the basin for the 43-year historical hydrologic 
period of 1965-2007.  This simulation period was selected because it includes wet, dry, normal, and 
extreme conditions of the regional hydrology, such as the 1969 flood event, 1976-77 drought, and 1987-
1992 extended drought period.  In addition, this period has sufficient data for groundwater model 
development.   

The RAGFM was calibrated by comparing the model results with the following: 

1. Regional groundwater trends; and   
2. Local groundwater elevations at 48 calibration wells distributed throughout the 

model area. 
The water budgets were developed for the four basins within the model area.  In order to assess the 
sensitivity of model results to specific model parameters and input data, a sensitivity analysis of the 
RAGFM was conducted by evaluating two different metrics: average groundwater elevation and average 
RMS error for calibration wells in the four basins within the model area.  The results of the sensitivity 
analysis indicate that the model responds in the expected manner to changes in aquifer and boundary 
parameters and the calibrated parameters generate a better match of the simulated and observed 
groundwater elevations. 

4.2 Potential Application of RAGFM 
The RAGFM was developed and calibrated to support the planning analysis required for development of 
the Riverside and Arlington Groundwater Management Plans and ongoing water management in the 
region.  The Technical Advisory Committee provided the necessary technical review, guidance, and 
coordination during the model development and calibration process.  The RAGFM is expected to be used 
for water resources planning and management in the Riverside and Arlington Basins.   

The RAGFM is currently being used for safe yield analysis for Riverside North, Riverside South, and 
Arlington Basins; development of existing and future conditions baseline simulations; and simulation of 
water resources projects that incorporate artificial recharge operations and groundwater production.    

The RAGFM may also be applied to circumstances which require quantification of project or program 
benefit and effects and comparison of alternatives, such as the impacts of changes in land and water use 
conditions, impacts of proposed facilities, and changes to surface water and groundwater conditions. 

The RAGFM does not currently include water quality (mass transport) modeling capabilities.  The model, 
however, provides the fundamental data and information framework, as well as appropriate level of 
spatial and temporal details for future development of additional features, such as the water quality 
simulation.  The development of these additional capabilities is anticipated to be included in the next 
phase of improvement to the RAGFM. 

4.3 Recommendations 
The following actions are recommended to improve the capability of the RAGFM to simulate the regional 
surface water and groundwater conditions in the model area more accurately. 

Foothills Stratigraphy Data – Conduct additional hydrogeologic studies to obtain better information for 
model layer thickness in foothills areas.  Availability of such information would allow more accurate 
simulation of groundwater elevations in the Jurupa area north of Highway 60 and in the eastern parts of 
Riverside and Arlington Basins. 
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Development of Water Quality Model – The simulation of TDS, nitrate, and various contaminants of 
concern in the groundwater basin is one of the major goals of the development of a comprehensive 
hydrologic model. The RAGFM is currently well calibrated for groundwater flow conditions and can 
serve as a framework for the development of the Water Quality Model in the future. 

Linkage to Other Regional Models – The model layering of the RAGFM was developed based on the 
3D Geologic Model of the model area.  In anticipation of linking the RAGFM to the groundwater models 
of the neighboring basins, the 3D Geologic Model was dovetailed with the groundwater models of the 
Bunker Hill Basin (Geoscience, 2009), Rialto-Colton Basin (Woolfenden, 2001), and Chino Basin 
(Wildermuth, 2007).  Development of a comprehensive groundwater model for the groundwater basins in 
the Upper Santa Ana Valley is a major goal for regional management of the groundwater resources.  The 
RAGFM is capable of linkage to the neighboring regional models and can serve as one of the components 
of the comprehensive groundwater model of the Upper Santa Ana Valley. 

Chapter 5 Scenario 1 - Existing Conditions (EC) Baseline  
The EC Baseline is developed to set a benchmark for comparison of other model simulations.  The safe 
yields for Riverside North, Riverside South, and Arlington Basins are estimated based on a water budget 
analysis of the EC Baseline.   

All simulations of the model for the EC Baseline, safe yield analysis, and project scenarios are based on 
the calibrated RAGFM.   

The objective of the EC Baseline simulation is to define the land and water use and hydrologic conditions 
that will be used as the basis for comparison of model simulations.  The EC Baseline represents the basin 
under the year 2007 land and water use conditions plus 8,200 AF/year groundwater production by Flume 
Wells 2-6.   The EC Baseline is also used to estimate the safe yield for Riverside North, Riverside South, 
and Arlington basins over the long-term hydrologic conditions.  The assumptions and data used for 
development of the EC Baseline are presented in the following subsection. 

5.1 Assumptions and Data 
The simulation period for the EC Baseline is 43 years, representing historical hydrologic conditions 
(1965-2007).   

5.1.1 Recharge 
Recharge and deep percolation rates were calculated based on the 2007 land and water use conditions and 
1965 to 2007 hydrologic conditions.  These estimates were developed using the IDC model with similar 
parameters as in the historical calibrated model, but with the 2007 land and water use conditions. 

5.1.2 Groundwater Production   
Preliminary EC Baseline modeling analysis were performed using 8,200 AF per year production rate for 
the Flume wells 2 – 6 and the 2007 production rates at all other active wells including the WMWD 
Desalter wells, Empire WC wells 1 and 2, and Jurupa CSD Well 21.  These preliminary analyses show 
that the groundwater levels would decline significantly, and the aquifer would dry up at Empire WC Well 
1 and WMWD Desalter 5 after 2 and 10 years of pumping, respectively.  This would potentially cause 
damage to the facilities.  Therefore, to determine a sustainable level of groundwater production, several 
iteration of pumping reduction were performed, which resulted in the following production assumptions:  

• Arlington Basin 
o WMWD Desalters – Operating at 70% of 2007 rates 

• Riverside South Basin 
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o Empire Water Company Wells 1 and 2 – Operating at 50% of 2007 rates 
o Jurupa CSD Well 21 – Operating at 50% of 2007 rates 

The reduced pumping rates allow the wells to remain active through the EC Baseline simulation period.  
Groundwater production rates of the Flume wells 2 to 6 remained at a total rate of 8,200 AF per year.  
Groundwater production rates of all other wells remained at 2007 levels.   Table 16 provides a summary 
of assumptions for the EC Baseline scenario.  

5.1.3 RIX Operation 
Operation of the Rapid Infiltration and Extraction Wastewater Treatment Facility (RIX) is fixed at 2007 
levels.  Approximately 22% of influent to the RIX facility was processed by a conventional filter in 2007.  
The remaining 78% of the influent was recharged at the percolation basins.   The conventional filtration 
process (DynaSand Filter) was placed into operation in 2001 and another conventional filter process 
(AquaAerobics Aqua Disk) was installed and placed in service in 2008.  The DynaSand Filter was placed 
into standby when the disk filters were placed on line.  It is assumed that the proportion of RIX flow rates 
for the percolation basins and the conventional filter process remain at 2007 levels.  

RIX groundwater extraction rates at 34 extraction wells were 27% higher than recharge rates at the 
percolation basins in an effort to capture all percolating wastewater.  A summary of RIX operations is 
provided in Table 17. 

5.2 Results – Groundwater Budgets 
This section provides a summary of results of the RAGFM for the EC Baseline.  The results show the 
impact of the current level of infrastructure development on groundwater conditions. 

The annual average water budget tables for 43 years of the EC Baseline model simulation for Riverside 
North, Riverside South, and Arlington basins are presented in Tables 18 to 20, respectively.   These tables 
show the inflow, outflow and storage change components of the water budget.  Inflow and outflow 
components are represented by several subcomponents which are described separately for Riverside 
North, Riverside South, and Arlington basins later in this section. 

The groundwater production and recharge components of EC Baseline are summarized in Table 27.  The 
groundwater elevations at the beginning and end of simulation of the EC Baseline are shown in Figures 
46a and 46b.  The groundwater elevations at 12 calibration wells for the EC are shown in Figures 49a to 
49l.  The groundwater elevations at the three 1969 Western Judgment Index Wells (Johnson, Flume 2, 
and Flume 5 wells) are shown in Figures 50a to 50c.    The locations of the calibration wells and the Index 
Wells are shown on Figure 48.  The average groundwater elevations at the three Index Wells are shown in 
Figure 51. 

5.2.1 Impact of RIX 
RIX receives secondary treated wastewater, recharges most of this water through infiltration basins as 
part of tertiary treatment, extracts this water along with native groundwater for full containment, and then 
discharges the water to the Santa Ana River.  Operation of RIX in Riverside Basin has a locally 
significant impact on groundwater levels and Santa Ana River (SAR) gain and loss rates.  Data for RIX 
operation, including wastewater recharge, groundwater extraction, and effluent discharge to SAR, is 
available.  However, quantification of RIX operation on Riverside Basin is a complex task.  Therefore, 
the RAGFM was used to quantify the effects of the operation of RIX on the groundwater basin and SAR 
recharge. 

Two versions of EC Baseline model simulations were developed to quantify the RIX impact.  The first 
model simulation includes operation of RIX, consisting of wastewater recharge, groundwater extraction, 
and discharge of DynaSand Filter effluent and extracted groundwater to Santa Ana River.  The second 
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model simulation does not include RIX recharge, extraction and discharge to Santa Ana River.  Water 
budget tables were developed for these two model simulations and the difference was assumed to be due 
to RIX operation.  The components of water budget tables that represent significant impacts of RIX 
operation are shown as separate columns in Tables 18 and 19 for Riverside North and Riverside South.  
Model results indicate that RIX impacts on Arlington Basin are negligible and, thus, are not depicted in 
Table 20. 

Detailed impacts of RIX operation on groundwater in Riverside Basin and on Santa Ana River flows are 
presented in Tables 21 and 22, and are summarized in Table 17. 

5.2.2 Riverside North 
The water budget for Riverside North is presented in Table 18.  The 43-year average total inflow into 
Riverside North is 88,900 acre-feet per year (AFY).   With a 43-year average total outflow of 
90,000 AFY, the annual average storage decreases by approximately 1,100 AFY.  This is equivalent to 
46,300 AF decrease in groundwater storage of Riverside North over 43 years of EC Baseline model 
simulation.  Figure 41 presents a diagram of the Riverside North Basin depicting the average annual water 
budget components of Table 18. 

Inflow 
Inflow into Riverside North consists of the following components (refer to Table 18 for data and column 
numbers): 

• Deep Percolation 
o Ag and Native Areas (Columns a and b) – Inflow to groundwater as a result of 

precipitation over agricultural and native lands and irrigation of agricultural 
lands. 

o Urban Areas (Columns c and d) – Inflow to groundwater as a result of 
precipitation and outdoor water use in urban areas. 

• Natural Recharge at Basin Boundary (Column 2) – Natural recharge at basin 
boundaries from deep percolation in small watersheds surrounding the model area plus 
streambed recharge for small creeks at the model boundaries.  

• Santa Ana River Loss to Groundwater 
o SAR loss to groundwater (Column 3a) – River loss due to natural streamflows 

only and does not include RIX discharge to SAR.  Large variations in 
streamflows between wet and dry years result in significant changes in river loss. 

o SAR loss to groundwater due to RIX (Column 3b) – River loss due to 
approximately 43,200 AFY of RIX effluent discharge to SAR.  RIX effluent 
discharge remains at 2007 levels for the 43 year EC Baseline simulation.  
Fluctuation in river loss estimates is due to changes in groundwater levels and 
variations in hydraulic gradient between groundwater and river stage. 

• RIX Percolation Basin Feed (Column 4) – Portion of RIX influent that is recharged to 
groundwater at the percolation basins. The percolation basin feed remains at the 2007 
levels (with slight increases in leap years). 

• Underflow from Rialto-Colton Basin (Column 5a) – Underflow from Rialto-Colton 
Basin to Riverside North through the Rialto-Colton Fault.  Approximately 260 AFY of 
additional underflow occurs due to RIX operation (Column 5b).  RIX extraction of 
groundwater results in a higher groundwater gradient across the Rialto-Colton Fault. 
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• Underflow from Riverside South (Column 6a) – Average underflow from Riverside 
South is 4,740 AFY.  Increased river losses due to RIX effluent discharge to SAR and 
groundwater extraction by RIX changes the hydraulic gradient between Riverside North 
and Riverside South and impacts the quantity of underflow between these two basins.  
RIX operation reduces average underflow from Riverside South by 1,120 AFY (Column 
6b).   

Outflow 
Outflow from Riverside North consists of the following components (refer to Table 18 for quantities and 
column numbers): 

• Santa Ana River Gain from Groundwater (Column 8) – Flow of groundwater to Santa 
Ana River occurring mostly at years when groundwater levels are higher near the river. 

• Groundwater Production (Column 9) – Groundwater production from all wells that 
were active in 2007.  This column does not include RIX groundwater extraction.  
Production rates are at the 2007 levels (with slight increases in leap years). 

• RIX Extraction Well Production (Column 10) – Groundwater extraction by RIX wells.  
The extraction rates are at 2007 levels.  RIX groundwater extraction was approximately 
27% higher than recharge rates at the percolation basins (Column 4). 

• Underflow to Rialto-Colton Basin (Column 11) – Underflow to Rialto-Colton Basin 
through the Rialto-Colton Fault.  This only occurs at wet years.  

• Underflow to Riverside South (Column 12) – Underflow to Riverside South across the 
County line.  RIX operation reduces the hydraulic gradient between the two basins and 
results in less underflow to Riverside South.  RIX operation reduces the average 
underflow to Riverside South by 3,360 AFY. 

• Underflow to Chino Basin (Column 13) – Underflow to Chino Basin across the 
boundary of Chino Basin and Riverside North. 

5.2.3 Riverside South 
The water budget for Riverside South is presented in Table 19.  The 43-year average total inflow into 
Riverside South is 57,000 AFY.   With a 43-year average total outflow of 58,300 AFY the annual average 
storage decreases by 1,300 AFY.  This is equivalent to 54,600 AF decrease in groundwater storage of 
Riverside South over 43 years of EC Baseline simulation.  Figure 42 presents a diagram of the Riverside 
South Basin depicting the average annual water budget components of Table 19. 

Inflow 
The inflow into Riverside South consists of the following components (refer to Table 19 for quantities 
and column numbers): 

• Deep Percolation 
o Ag and Native Areas (Columns a and b) – Inflow to groundwater as a result of 

precipitation over agricultural and native lands and irrigation of agricultural 
lands. 

o Urban Areas (Columns c and d) – Inflow to groundwater as a result of 
precipitation and outdoor water use in urban areas.  
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• Natural Recharge at Basin Boundary (Column 2) – Natural recharge at basin 
boundaries from deep percolation in small watersheds surrounding the model area plus 
streambed recharge for small creeks at the model boundaries. 

• Santa Ana River Loss to Groundwater 
o SAR loss to groundwater (Column 3a) – River loss due to natural streamflows 

only (Column 3a).  Variations in streamflows between wet and dry years result 
in significant changes in river losses. 

o SAR loss to groundwater due to RIX (Column 3b) – River loss due to RIX effluent 
discharge to SAR.  RIX effluent discharge remains at 2007 levels for the 43 year 
EC Baseline simulation.  Fluctuation in river loss estimates is due to changes in 
groundwater levels and variations in hydraulic gradient between groundwater 
and river stage. 

• Underflow from Arlington Basin (Column 4) – Underflow from Arlington Basin to 
Riverside South.  The net groundwater flow between Riverside South Basin and 
Arlington Basin is approximately 570 AFY for the 43 year EC Baseline simulation.      

• Underflow from Riverside North (Column 5) – Underflow from Riverside North across 
the County line.  RIX operation reduces the hydraulic gradient between the two basins 
and results in less underflow from Riverside North.  RIX operation reduces the average 
underflow from Riverside North by 3,360 AFY (Column 5b).     

Outflow 
Outflow from Riverside South consists of the following components (refer to Table 19 for quantities and 
column numbers): 

• Santa Ana River Gain from Groundwater  
o SAR gain from groundwater (Column 7a) – Flow of groundwater to Santa Ana 

River occurring mostly at southern parts of Riverside South Basin and in the 
vicinity of Riverside Narrows.  The SAR gain from groundwater is much higher 
in Riverside South than Riverside North.  This is a result of SAR channel 
elevation in conjunction with higher groundwater levels. 

o SAR gain from groundwater due to RIX (Column 7b) – Flow of groundwater to 
Santa Ana River due to RIX operation.  RIX operation rates remain at 2007 levels 
for the 43 year EC Baseline simulation.  Fluctuations in river gain estimates are 
due to changes in groundwater levels and variations in hydraulic gradient 
between groundwater and river stage. 

• Groundwater Production (Column 8) – Groundwater production from all wells in 
Riverside South that were active in 2007.  Production rates are at 2007 levels, except for 
the 3 Jurupa CSD and Empire Water Company wells discussed earlier.  There is a slight 
increase in production rates of leap years. 

• Underflow to Arlington Basin (Column 9) – Underflow from Riverside South to 
Arlington Basin.   

• Underflow to Riverside North (Column 10) – Average underflow to Riverside North is 
4,740 AFY.  Increased river losses due to RIX effluent discharge to SAR results in higher 
groundwater levels downstream from RIX and reduced underflow to Riverside North.  
RIX operation reduces the average underflow to Riverside North by 1,120 AFY. 
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5.2.4 Arlington Basin 
The water budget for Arlington Basin is presented in Table 20.  The 43-year average total inflow into 
Arlington Basin is 6,690 AFY.   With a 43-year average total outflow of 7,060 AFY the annual average 
storage decreases by 370 AFY.  This is equivalent to 15,950 AF decrease in groundwater storage of 
Arlington Basin over 43 years of EC Baseline simulation.  Figure 43 presents a diagram of the Arlington 
Basin depicting the average annual water budget components of Table 20. 

Inflow 
Inflow into Arlington Basin consists of the following components (refer to Table 20 for quantities and 
column numbers): 

• Deep Percolation 
o Ag and Native Areas (Columns a and b) – Inflow to groundwater as a result of 

precipitation over agricultural and native lands and irrigation of agricultural 
lands. 

o Urban Areas (Column c and d) – Inflow to groundwater as a result of 
precipitation and outdoor water use in urban areas.  

• Natural Recharge at Basin Boundary (Column 2) – Natural recharge at basin 
boundaries from deep percolation in small watersheds surrounding the model area plus 
streambed recharge for small creeks at the model boundaries. 

• Underflow from Temescal Basin (Column 3) – Underflow from Temescal Basin to 
Arlington Basin at Arlington Narrows.   

• Underflow from Riverside South (Column 4) – Underflow from Riverside South to 
Arlington Basin. 

Outflow 
Outflow from Arlington Basin consists of the following components (refer to Table 20 for quantities and 
column numbers): 

• Groundwater Production (Column 6) – Groundwater production from all wells, except 
the Western Municipal Water District (WMWD) Desalters, in Arlington Basin that were 
active in 2007.  The production rates are at 2007 levels.  There is a slight increase in 
production rates of leap years. 

• Arlington Desalters Production (Column 7) - Groundwater production by WMWD 
Desalter wells.  The production rates are at 70% of 2007 levels, as discussed previously.  
There is a slight increase in production rates of leap years. 

• Underflow to Temescal Basin (Column 8) – Underflow from Arlington Basin to 
Temescal Basin at Arlington Narrows. 

• Outflow Due to Hole Lake Area (Column 9) - Groundwater outflow at Hole Lake area. 
• Underflow to Riverside South (Column 10) – Underflow from Arlington Basin to 

Riverside South. 

Chapter 6 Safe Yield Estimation 
The amount of groundwater available from a basin depends on quantities of inflow, outflow, and storage 
change components of the basin.  The maximum long-term average annual amount of groundwater that 



 

 

Riverside-Arlington Groundwater Model  Chapter 6 Safe Yield 
Estimation 

 

June 2011  6-21 
 

could be extracted from a basin without undesirable results is commonly referred to as safe yield.  The 
typical undesirable results are as follows: 

• Withdrawing in excess of recharge from natural or artificial sources to the basin, 
resulting in reduced basin storage 

• Lowering of groundwater levels below certain operational thresholds 
• Reduction of baseflow to streams 
• Interference with groundwater rights of other users in the basin 
• Intrusion of saline water or saltwater 
• Migration of poor quality groundwater 
• Land subsidence 

The underlying purpose of establishing safe yield is to optimize the withdrawal from the groundwater 
basin to preserve the groundwater resources and water quality over time. 

There are several definitions available for safe yield of a groundwater basin.  The definition provided by 
the 1969 Western Judgment is presented below. 

6.1 Safe Yield Definition by the 1969 Western Judgment 
The 1969 Western Judgment defines safe yield as follows: 

“Safe yield is that maximum average annual amount of water that could be 
extracted from the surface and subsurface water resources of an area over a 
period of time sufficiently long to represent or approximate long-time mean 
climatological conditions, with a given pattern of extractions, under a particular 
set of physical conditions or structures as such affect the net recharge of the 
groundwater body, and with a given amount of usable underground storage 
capacity, without resulting in long-term progressive lowering of groundwater 
levels or other undesirable result.  In determining the operational criteria to avoid 
such adverse results, consideration shall be given to maintenance of adequate 
groundwater quality, subsurface outflow, costs of pumping, and other relevant 
factors. 

The amount of safe yield is dependent in part upon the amount of water that can 
be stored in and used from the groundwater reservoir over a period of normal 
water supply under a given set of conditions.  Safe yield is thus related to factors 
which influence or control groundwater recharge, and to the amount of storage 
space available to carry over recharge occurring in years of above average supply 
to years of deficit supply.  Recharge, in turn, depends on the available surface 
water supply and the factors influencing the percolation of that supply to the 
water table. 

Safe yield shall be determined in part through the evaluation of the average net 
groundwater recharge which would occur if the culture of the safe yield year had 
existed over a period of normal native supply.” 

The 1969 Western Judgment specifies a wide range of potential undesirable results that must be 
considered when defining safe yield.    
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6.2 Methodology for Estimation of Safe Yield  
The 1969 Western Judgment description of safe yield and the EC Baseline model simulation have been 
used to estimate the safe yield for Riverside North and Riverside South Basins.  Although the 1969 
Western Judgment does not apply to the Arlington Basin, to have consistency in methodology for 
estimation of safe yield, the 1969 Western Judgment description of safe yield is also used for the 
Arlington Basin.  The EC Baseline simulation has the following characteristics that conform to the 1969 
Western Judgment definition of safe yield: 

• Sufficiently long simulation period to represent or approximate long-time mean 
climatological conditions: The modeling analysis includes a 43-year hydrologic period (1965-
2007) that includes wet, dry, and normal periods and is considered representative of long-term 
mean climatological conditions.  The selected hydrologic period also starts and ends in a dry 
period. 

• A given pattern of extractions: The modeling analysis utilizes the current level of production as 
represented by 2007 production data. 

• A particular set of physical conditions or structures as such affect the net recharge of the 
groundwater body: The modeling analysis utilizes 2007 land use and water use conditions and 
considers RIX operations and WMWD desalters. 

• A given amount of usable underground storage capacity: The model identifies usable storage 
capacity through the physical bedrock representation and the incorporation of the depth and 
screened intervals of wells. 

The EC Baseline simulation was used to estimate safe yield that would not result in “long-term 
progressive lowering of groundwater levels or other undesirable result” through the water budget 
calculations.  The 1969 Judgment reference to “other undesirable results” are reflected in the analysis as 
follows: 

• Maintenance of adequate groundwater quality: While the RAGFM is a groundwater flow 
model and does not simulate groundwater quality, maintenance of water levels in order to offset 
progressive lowering of groundwater levels will avoid significant changes to regional 
groundwater flow patterns that could induce movement of lower quality or contaminated 
groundwater towards the basins. 

• Subsurface outflow: Subsurface outflow is directly related to groundwater levels.  By controlling 
progressive lowering of groundwater levels in adjacent (downgradient) basins, changes in 
subsurface outflow will be controlled. 

• Costs of pumping: The cost of pumping is directly related to groundwater levels.  By controlling 
progressive lowering of groundwater levels, pumping costs will be controlled. 

The safe yield of each basin has been calculated using the following general equation: 

 
Safe Yield = Groundwater Production + Change in Storage   
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The annual water budgets of the EC Baseline simulation, as shown in Tables 18 to 20 are used to estimate 
the components of the safe yield equation and estimate the safe yield for Riverside North, Riverside 
South, and Arlington Basin.   

One of the major facilities that would potentially be considered for safe yield in the Riverside Basin is the 
operation of RIX.  However, as discussed earlier in this TM, the RIX operation is essentially a closed one 
with minimal effects on the groundwater in storage, and therefore not included as part of the safe yield 
estimates.  Any change in future RIX operations is not expected to impact the groundwater available to 
water supply wells in the basin significantly.   

6.3 Safe Yield Estimates 
The safe yields for the three basins are estimated from the results of the EC Baseline simulation and are 
presented in Table 23.  Table 23 presents annual groundwater production and storage change of the three 
basins for 43 years of EC Baseline simulation.    

For EC Baseline simulation, groundwater production rates for each year of the simulation are fixed at 
2007 levels with some exceptions as previously noted; however, the storage change varies based on 
hydrologic conditions.  The safe yield is calculated as the average groundwater production plus the 
average annual storage change for 43 years of hydrological conditions of EC Baseline simulation.  
Average annual yields for 6 different hydrological conditions are also presented in Table 23 for 
comparison with the estimated safe yields.  These hydrological conditions are also illustrated in Figure 
44.  Average annual yields for recent hydrological conditions of 1996 to 2007, corresponding to RIX 
operation years, are also presented in Table 23.  

Using the above methodology, the safe yields for the three basins are summarized in Table 24 (refer to 
Table 23 for supporting details).  
The safe yield of Riverside North, Riverside South, and Arlington Basins may change with time as a 
result of improved availability of data or changes in hydrology, quantity or pattern of productions, 
physical conditions, or expansion of water resources projects in the basins.  As such, the safe yield should 
be re-evaluated when significant operational changes occur in the future. 

Chapter 7  Scenario 2 – Near-Term Future Projects Conditions  
The objective of Scenario 2 is to evaluate the sustainability of selected future groundwater recharge and 
production projects and the effectiveness of these projects to offset projected overdraft.  The impacts of 
these projects on groundwater resources were evaluated by comparing the results of Scenario 2 to EC 
Baseline.  The EC Baseline simulation represents the basin under 2007 land use and water demand 
conditions plus 8,200 AFY groundwater production by Flume wells 2 to 6.  Scenario 2 represents the EC 
Baseline conditions with the addition of the Scenario 2 projects.  The assumptions, data, and description 
of projects used for development of Scenario 2 are presented in the following subsections. 

7.1 Assumptions and Data 
The simulation period for Scenario 2 is the same as for the EC Baseline: 43 years representing historical 
hydrologic conditions (1965-2007).  Scenario 2 uses the assumptions and data used for the EC Baseline as 
presented in Table 16 plus the following projects. 

7.2 Projects 
The groundwater recharge and production projects of Scenario 2, as shown in Figure 45, consist of the 
following: 

• Proposed Aquifer Storage and Recovery (ASR) Facilities consisting of: 
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o Inflatable Dam and On-Channel Recharge Facilities 
o Off-Channel Recharge Facilities 

• Proposed Flume 7 Well 
• Proposed Arlington Basin Recharge Facilities 

o Metrolink Basins 
o Monroe Basin 
o Victoria Basin 

• Operation of Existing Arlington Desalter Wells at 7,840 AFY 
The model input files for Scenario 2 were developed based on the EC Baseline by adding groundwater 
recharge at ASR Facilities and Arlington Basin Recharge Facilities as well as groundwater production by 
Flume 7 well to the EC Baseline model input files.  Groundwater production for the existing Arlington 
Desalter Wells was increased by 2,665 AFY from the EC Baseline rate of 5,175 AFY to 7,840 AFY to 
represent the current level of groundwater production.  Details of these changes are described below. 

7.2.1 ASR Facilities 
The ASR Facilities consists of an inflatable dam, on-channel recharge facilities located within the Santa 
Ana River channel, and five off-channel recharge basins.  The proposed area for the on-channel recharge 
is approximately 21 acres located within the Santa Ana River channel in the Rialto-Colton Basin.  The 
area for the five off-channel recharge basins is approximately 30 acres in Riverside North Basin.  The 
source of recharge water for the ASR Facilities is Santa Ana River flows. 

The operational capacity of the inflatable dam is 1,500 cfs.  Santa Ana River flows higher than this 
threshold for operation can not be captured by the inflatable dam.  It is assumed that a total of 13,000 
AFY of Santa Ana River flows would be available for recharge at the ASR Facilities.  Off-channel 
recharge basins are assumed to operate 60 days per year during the months of March, April, October, and 
November.   On-channel recharge basins will operate throughout the year, although the monthly volume 
recharged varies seasonally.  The monthly recharge rates at the ASR Facilities is based on average Santa 
Ana River flow rates for the period 1966 through 2009 (Geoscience, 2010) and is presented in Table 25. 

7.2.2 Flume 7 Well 
Flume 7 well is located in Riverside North and is assumed to operate continuously at 2,700 gpm or 4,360 
AFY.  This is a new well and this production is in addition to the Flume wells 2 to 6 production already in 
the EC Baseline. 

7.2.3 Arlington Basin Groundwater Recharge Facilities 
The 2007 groundwater production rates at the Arlington Basin represent an annual overdraft of 
approximately 3,000 AFY.  Western Municipal Water District (WMWD) proposes to recharge 3,000 
AFY at Victoria, Monroe, and Metrolink flood control basins to offset the groundwater production in 
excess of the safe yield value of 6,000 AFY.  The monthly recharge rates at these basins, as provided by 
WMWD, are presented in Table 26. 

7.2.4 Arlington Desalter Wells 
The current groundwater production rates of desalter wells were not sustainable for the EC Baseline 
simulation.  Therefore, a lower sustainable production rate of 5,175 AFY was used for the desalter wells 
in the numerical model for the EC Baseline simulation.  The additional groundwater recharge in Arlington 
Basin Groundwater Recharge Facilities is expected to allow higher pumping rates of the desalter wells.  
Groundwater production by the existing Arlington desalter wells is increased to 7,840 AFY (current 
pumping rates) to demonstrate if the additional recharge and pumping strategy is feasible.  The production 
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rates of the desalter wells AD1, AD2, AD3, AD4, and AD5 are 1,830 AFY, 830 AFY, 1,830 AFY, 1,675 
AFY, and 1,675 AFY, respectively.  AD1 is the most southerly well.  For reference, the desalter wells 
averaged 7,500 AFY over the 2006-2008 time period. 

7.3 Results 
This section provides a summary of the RAGFM results for Scenario 2.  The groundwater production and 
recharge components of Scenario 2 simulation and the resulting changes in groundwater storage and 
groundwater elevations are summarized in Table 27.    Additionally, the impacts of the proposed projects 
are illustrated by hydrographs and contour maps of groundwater elevations. 

The groundwater elevations at the beginning and end of simulation of Scenario 2 are shown in Figures 
46a and 47.  The net changes in groundwater elevation due to the proposed projects at the end of 
simulation are shown in Figure 48.  This figure shows the difference (Scenario 2 minus Baseline) of the 
groundwater elevations shown in Figures 46 and 47.  The groundwater elevations at 12 calibration wells 
for the EC Baseline and Scenario 2 are shown in Figures 49a to 49l.  The groundwater elevations at the 
three 1969 Western Judgment Index Wells (Johnson, Flume 2, and Flume 5 wells) are shown in Figures 
50a to 50c.    The locations of the calibration wells and the Index Wells are shown on Figure 48.  The 
average groundwater elevations at the three Index Wells are shown in Figure 51.   

In general, the groundwater elevation differences match the pattern of groundwater recharge and 
production projects of Scenario 2 with the increased groundwater elevation occurring in the vicinity of the 
recharge facilities and decreased groundwater elevations occurring in the vicinity of the groundwater 
production wells.   

The groundwater elevations in Rialto-Colton Basin increase slightly due to 10,000 AFY of groundwater 
recharge at the on-channel ASR facilities (Figures 48 and 50a).  Approximately all of this recharged 
groundwater flows into Riverside North Basin where an additional 3,000 AFY of groundwater recharge is 
simulated at the off-channel ASR facilities.  The additional 13,000 AFY of ASR groundwater recharge 
water is used to offset the additional 14,220 AFY of groundwater production by the Flume wells and 
Colton wells 30 and 31.  The net increase (1,220 AFY) in groundwater production in Riverside North 
Basin results in lower groundwater elevations in Riverside North Basin and northern half of Riverside 
South Basin (Figures 48, 49a to 49g).   

The impacts of the Arlington Basin groundwater recharge operations at Victoria and Monroe basins can 
be seen by a groundwater mound at the Victoria basin (Figure 48).  The groundwater mound is higher at 
this location due to higher recharge rates combined with lower hydraulic conductivity of the aquifer at 
this basin.  Groundwater elevations of Scenario 2 are lower than the Baseline groundwater elevations in 
the vicinity of the desalter wells and in the area west of La Sierra Avenue.  The groundwater elevation 
decrease in this area is due to higher desalter production rates of Scenario 2.   

The water recharged at the Metrolink Basins is captured by the desalter wells.  However, approximately 
50% of the water recharged at the Victoria and Monroe Basins is captured by the desalter wells.  In 
Scenario 2, approximately 680 AFY of 1,450 AFY of the water recharged at the Victoria and Monroe 
Basins flows to the Riverside South Basin as increased groundwater underflow out of Arlington Basin to 
Riverside Basin.  This results in slightly increased groundwater elevations in southern half of the 
Riverside South Basin. 

7.4 Summary 
The purpose of Scenario 2 was to evaluate the effectiveness of selected future groundwater recharge and 
production projects to offset the projected overdraft.  The results of the simulation show that the 
additional future extraction projects will need to be offset by additional recharge facilities to prevent 
significant impact on groundwater elevations and to keep the basins in balance.  
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Chapter 8 Scenario 3 – Long-Term Future Projects Conditions  
The objective of Scenario 3 is to estimate the maximum volume of water that can be recharged at the 
ASR Facilities in Riverside Basin, within certain constraints, and evaluate the sustainability of selected 
future groundwater production projects in Arlington and Riverside Basins.  The impacts of these projects 
on groundwater resources were evaluated by comparing the results of Scenario 3 to the EC Baseline.  The 
EC Baseline simulation represents the basin under 2007 land use and water demand conditions plus 8,200 
AFY groundwater production by Flume Wells 2 to 6.  Flume Wells were not operating in 2007; however, 
these wells are currently in operation.  Scenario 3 represents the EC Baseline conditions with the addition 
of the Scenario 3 projects.  The assumptions, data, and description of projects used for development of 
Scenario 3 are presented in the following subsections. 

8.1 Assumptions and Data 
The simulation period for Scenario 3 is the same as for the EC Baseline: 43 years representing historical 
hydrologic conditions (1965-2007).  Scenario 3 uses the assumptions and data used for the EC Baseline as 
presented in Table 16 plus the following projects. 

8.2 Projects 
The groundwater recharge and production projects of Scenario 3, as shown in Figure 52, consist of the 
following: 

• Proposed Aquifer Storage and Recovery (ASR) Facilities consisting of: 
o Inflatable Dam and On-Channel Recharge Facilities 
o Off-Channel Recharge Facilities 

• Proposed Flume 7 Well 
• Colton Wells 30 and 31 
• Proposed West Valley Water District (WVWD) wells at 8,630 AFY 
• Proposed Arlington Basin Recharge Facilities 

o Metrolink Basins 
o Monroe Basin 
o Victoria Basin 

• Operation of Existing Arlington Desalter Wells 
• Proposed New Arlington Desalter Wells 

The model input files for Scenario 3 were developed based on the EC Baseline by adding groundwater 
recharge at ASR Facilities and Arlington Basin Recharge Facilities as well as groundwater production by 
Flume 7 well, WVWD wells, and new desalter wells to the EC Baseline model input files.  Groundwater 
production for the existing and the proposed Arlington Desalter Wells was increased to 9,350 AFY to 
represent the expanded level of groundwater production by desalter wells.  Details of these changes are 
described below. 

8.2.1 ASR Facilities 
For modeling purposes, it is assumed that unlimited recharge water is available for the ASR on-channel 
and off-channel Facilities.  The source of recharge water for the ASR Facilities is Santa Ana River flows.  
An objective of Scenario 3 is to estimate the maximum water volume that can be recharged at the ASR 
Facilities without the groundwater elevations rising higher than 25 feet below ground surface in Flume 2 
or 5.  In other words, the depth to groundwater will not be less than 25 feet at these wells.  
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It was assumed that a long-term maximum recharge rate of 3.0 feet/day could be achieved at the ASR 
Facilities (OCWD, Personal Communications, 2008).  Operation of the ASR Facilities at these high 
recharge rates requires 56,400 AFY of recharge water (23,000 AFY and 33,400 AFY for the on-channel 
and off-channel facilities, respectively).  However, the maximum recharge rate of 56,400 AFY results in 
high groundwater elevations and violation of the 25 feet below ground surface criteria.  Several model 
runs were developed by gradually decreasing the annual recharge rate at the ASR Facilities to determine 
the maximum acceptable recharge rates.  An annual recharge rate of 30,900 at the ASR Facilities 
generated groundwater levels that were lower than 25 feet below ground surface elevation at 100% of 
simulation time at the Johnson and Flume 2 wells and at 90% of simulation time at Flume 5 (Figures 50a, 
b, and c).  High groundwater elevations result in reduced recharge rates of the Santa Ana River.  Thus, the 
maximum recharge rate (30,900 AFY) represents a corrected rate that is adjusted for 1,500 AFY 
reduction in the Santa Ana River recharge rates.  

8.2.2 Flume 7 Well 
Flume 7 well is located in Riverside North and is assumed to operate continuously at 2,700 gpm or 4,360 
AFY.  This is a new well and this production is in addition to the Flume Wells 2 to 6 production already 
in the EC Baseline. 

8.2.3 Colton Wells 30 and 31 
Colton Wells 30 and 31 are located in Riverside North and are assumed to produce 4,035 AFY per well or 
a total of 8,070 AFY.  This will increase Colton production to 9,735 AFY. 

8.2.4 WVWD Wells 
The WVWD production rate within the model area is increased by 8,630 AFY from 2,560 AFY to 11,190 
AFY.  The additional water is produced by nine (9) proposed wells in Riverside North Basin. 

8.2.5 Arlington Basin Proposed Groundwater Recharge Facilities 
Western Municipal Water District (WMWD) proposes to recharge 3,980 AFY at Victoria, Monroe, and 
Metrolink basins to offset the groundwater production in excess of the safe yield value of 6,000 AFY.  
The monthly recharge rates at these basins, as provided by WMWD, are presented in Table 26. 

8.2.6 Arlington Desalter Wells 
The additional groundwater recharge in Arlington Basin Groundwater Recharge Facilities is expected to 
allow an increase in production of the desalter wells.  Groundwater production by the existing Arlington 
desalter wells is increased to 7,420 AFY and the two new desalter wells with a total production rate of 
1,935 AFY were added to Scenario 3 to demonstrate if the additional recharge and pumping strategy is 
feasible.  The simulated production rates of the existing desalter wells AD1, AD2, AD3, AD4, and AD5 
are 1,451 AFY, 1,290 AFY, 1,613 AFY, 1,613 AFY, and 1,451 AFY, respectively.  AD1 is the most 
southerly well.  The production rates of the proposed desalter wells of AD-New1 and AD-New2 are 968 
AFY per well.  For reference, the production rate of the existing desalter wells averaged 7,500 AFY over 
the 2006-2008 time period. 

8.3 Results 
The groundwater production and recharge components of Scenario 3 simulation and the resulting changes 
in groundwater storage and groundwater elevations are summarized in Table 27.    Additionally, the 
impacts of the proposed projects are illustrated by hydrographs and contour maps of groundwater 
elevations. 

The groundwater elevations at the beginning and end of simulation of Scenario 3 are shown in Figures 
46a and 53.  The net changes in groundwater elevation due to the proposed projects at the end of 
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simulation are shown in Figure 54.  This figure shows the difference (Scenario 3 minus Baseline) of the 
groundwater elevations shown in Figures 46 and 53.  The groundwater elevations at 13 calibration wells 
for Scenario 3 are shown in Figures 49a to 49m.  The groundwater elevations at the three 1969 Western 
Judgment Index Wells (Johnson, Flume 2, and Flume 5 wells) are shown in Figures 50a to 50c.    The 
locations of the calibration wells and the Index Wells are shown on Figure 54.  The average groundwater 
elevations at the three Index Wells are shown in Figure 51.   

In general, the groundwater elevation differences match the pattern of groundwater recharge and 
production projects of Scenario 3 with increased groundwater elevations occurring in the vicinity of the 
recharge facilities and decreased groundwater elevations occurring in the vicinity of the groundwater 
production wells.   

The groundwater elevations in Rialto-Colton Basin increase significantly due to groundwater recharge at 
the on-channel ASR facilities (Figures 54 and 50a).  The maximum recharge rate of 30,900 AFY of ASR 
groundwater recharge water is used to offset the additional groundwater production by the Flume Wells, 
Colton wells 30 and 31, and WVWD.  The increase in groundwater recharge in Riverside North Basin 
results in higher groundwater elevations in Riverside North Basin and northern half of Riverside South 
Basin (Figures 54, 49a to 49g).   

The impacts of the Arlington Basin proposed Groundwater Recharge Facilities at Victoria and Monroe 
basins can be seen by a groundwater mound at the Victoria basin (Figure 54).  The groundwater mound is 
higher at the Victoria basin due to higher recharge rates combined with lower hydraulic conductivity of 
the aquifer at this basin.  Groundwater elevations of Scenario 3 are lower than the Baseline groundwater 
elevations in the vicinity of the existing desalter wells and in the area west of La Sierra Avenue.  The 
average groundwater elevation decrease of 15.6 feet in this area is due to higher desalter production rates 
of Scenario 3.   

The water recharged at the Metrolink Basins is captured by the existing desalter wells.  However, not all 
of the water recharged at the Victoria and Monroe Basins is captured by the desalter wells.  In Scenario 3, 
some of the water recharged at the Victoria and Monroe Basins flows to the Riverside South Basin as 
increased groundwater underflow out of Arlington Basin to Riverside Basin.  This results in slightly 
increased groundwater elevations in southern half of the Riverside South Basin. 

Operation of Scenario 3 projects in Arlington Basin results in average annual storage change of -420 
AFY, an average of 40 AFY more aquifer storage loss than the EC Baseline.  Operation of Arlington 
Basin under Scenario 3 projects is less sustainable than EC Baseline. 

8.4 Summary 
The purpose of Scenario 3 was to estimate the maximum recharge rates at the ASR Facilities without 
groundwater elevations rising above the 25 feet below ground surface elevation and to evaluate the 
effectiveness of selected future groundwater recharge and production projects to offset the projected 
overdraft.  The results of the simulation show that the additional future extraction projects will need to be 
offset by additional recharge facilities to prevent significant impact on groundwater elevations and to 
keep the basins in balance.  Additionally, the maximum recharge rates at the ASR Facilities are limited by 
the available aquifer storage volume in the Riverside North and Colton Basins.  The available aquifer 
storage in Riverside North Basin is limited by the high seepage rates from the Santa Ana River during the 
wet and normal years and the production rates of the groundwater extraction projects. 

Chapter 9 Scenario 4 – 2015 Future Projects Conditions  
The objective of Scenario 4 is to evaluate the sustainability of 2015 future groundwater recharge and 
production projects and the effectiveness of these projects to offset projected overdraft.  The intent of 
Scenario 4 for Riverside North Basin is to evaluate the impact of new production wells with the ASR 
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Facilities operating at lower recharge rates.  Additionally, the impact of the Pellissier Ranch ASR 
Facilities was evaluated.  The impacts of these projects on groundwater resources were evaluated by 
comparing the results of Scenario 4 to the EC Baseline.  Scenario 4 represents the EC Baseline conditions 
with the addition of the Scenario 4 projects.  The assumptions, data, and description of projects used for 
development of Scenario 4 are presented in the following subsections. 

9.1 Assumptions and Data 
The simulation period for Scenario 4 is the same as for the EC Baseline: 43 years representing historical 
hydrologic conditions (1965-2007).  Scenario 4 uses the assumptions and data used for the EC Baseline as 
presented in Table 16 plus the following projects. 

9.2 Projects 
The groundwater recharge and production projects of Scenario 4, as shown in Figure 55, consist of the 
following: 

• Proposed Aquifer Storage and Recovery (ASR) Facilities consisting of Off-Channel 
Recharge Facilities 

• Pellissier Ranch ASR Facilities 
• Proposed Flume 7 Well 
• Colton Well 30 
• Proposed West Valley Water District (WVWD) wells operating at 5,650 AFY 
• Proposed Arlington Basin Recharge Facilities 

o Monroe Basin 
o Victoria Basin 

• Existing Arlington Desalter Wells 
• Proposed New Arlington Desalter Wells 
• Reduced Groundwater Production by La Sierra University Wells 

The model input files for Scenario 4 were developed based on the EC Baseline by adding groundwater 
recharge at ASR Facilities and Arlington Basin Recharge Facilities as well as groundwater production by 
Flume 7 well, Colton Well 30, WVWD wells, and new desalter wells to the EC Baseline model input 
files.  Groundwater production for the existing and the proposed Arlington Desalter Wells was increased 
to 8,640 AFY to represent the expanded level of groundwater production by desalter wells.  Details of 
these changes are described below. 

9.2.1 ASR Facilities 
It is assumed that limited recharge water is available for the ASR off-channel Facilities to offset the 
additional groundwater production in Riverside North Basin.  The source of recharge water for the ASR 
Facilities is Santa Ana River flows.  An objective of Scenario 4 is to estimate the minimum recharge 
volume at the ASR Facilities that is necessary to sustain the additional groundwater production in 
Riverside North Basin.   

The additional groundwater production of Scenario 4 in Riverside North Basin could not be sustained 
without additional recharge at the ASR off-channel Facilities. Several model runs were developed with 
gradually increasing the annual recharge rates at the ASR off-channel Facilities.  The results of these 
model runs indicated that recharging a minimum of 6,000 AFY at the ASR off-channel Facilities is 
necessary to sustain the additional groundwater production in Riverside North Basin. 
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9.2.2 Pellissier ASR Facilities 
This project consists of 10,000 AFY of groundwater recharge and an increase in production in RPU 
potable wells accordingly.  The recharge ponds of the Pellissier ASR Facilities will be built at the 
Pellissier Ranch located just north of the County line in Riverside North Basin.  However, the extraction 
wells will be built in Riverside South Basin just south of the County line.  The source of recharge water 
will be 40% tertiary treated recycled water and 60% diluent water using a 120-month rolling average.  
The diluent water sources are storm flows during rain events and groundwater supplies from other 
groundwater basins.  The recharge ponds have not been located but they will be inland to minimize the 
recharged water mixing with the river underflow that leaves the capture zone.  The recharge ponds will 
also need to be at least 6-month (groundwater travel time) north of the extraction wells.  In Scenario 4, the 
Pellissier recharge ponds were placed half a mile from the Santa Ana River and half a mile from the 
existing RPU production wells. 

RPU has 8 existing production wells in this area that are connected to the Palmyrita pipeline.  It is 
assumed that five (5) new production wells will be added to this set of wells to capture the recharged 
water.  In Scenario 4, five new production wells were added to the RPU wells in the vicinity of the 
Palmyrita pipeline to extract 10,000 AFY of recharge water.  

9.2.3 Flume 7 Well 
Flume 7 well is located in Riverside North and is assumed to operate continuously at 2,700 gpm or 4,360 
AFY.  This is a new well and this production is in addition to the Flume wells 2 to 6 production already in 
the EC Baseline. 

9.2.4 Colton Well 30 
Colton Well 30 is located in Riverside North and is assumed to produce 4,035 AFY.  This will increase 
Colton production in the model area to 5,700 AFY. 

9.2.5 WVWD Wells 
The WVWD production rate in the model area is increased by 3,090 AFY from 2,560 AFY to 5,650 
AFY.  The additional water is produced by nine (9) proposed wells in Riverside North Basin. 

9.2.6 Arlington Basin Proposed Groundwater Recharge Facilities 
Western Municipal Water District (WMWD) proposes to recharge 2,970 AFY at Victoria and Monroe 
flood control basins to offset the groundwater production in excess of the safe yield value of 6,000 AFY.  
The monthly recharge rates at these basins, as provided by WMWD, are presented in Table 26. 

9.2.7 Arlington Desalter Wells 
The additional groundwater recharge in Arlington Basin Groundwater Recharge Facilities is expected to 
allow an increase in production of the desalter wells.  Groundwater production by the existing Arlington 
desalter wells is set at 5,025 AFY and three new desalter wells with a total production rate of 3,612 AFY 
were added to Scenario 4 to demonstrate if the additional recharge and pumping strategy is feasible.  The 
production rates of the existing desalter wells AD1, AD2, AD3, AD4, and AD5 are 1,256 AFY, 603 
AFY, 1,005 AFY, 1,156 AFY, and 1,005 AFY, respectively.  AD1 is the most southerly well.  The 
production rates of the proposed desalter wells of AD-New8, AD-New11 and AD-New13 are 1,606 AFY, 
1,364 AFY, and 642 AFY.  For reference, the production rate of the existing desalter wells averaged 
7,500 AFY over the 2006-2008 time period. 

9.2.8 Reduced Groundwater Production by La Sierra University Wells  
The groundwater production by La Sierra University wells will be stopped in Scenario 4.  WMWD 
proposes to provide approximately 1,050 AFY of recycled water to La Sierra University to offset the 
reduction in groundwater production. 
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9.3 Results 
The groundwater production and recharge components of Scenario 4 simulation and the resulting changes 
in groundwater storage and groundwater elevations are summarized in Table 27.    Additionally, the 
impacts of the proposed projects are illustrated by hydrographs and contour maps of groundwater 
elevations. 

The groundwater elevations at the beginning and end of simulation of Scenario 4 are shown in Figures 
46a and 56.  The net changes in groundwater elevation due to the proposed projects at the end of 
simulation are shown in Figure 57.  This figure shows the difference (Scenario 4 minus Baseline) of the 
groundwater elevations shown in Figures 46 and 56.  The groundwater elevations at 13 calibration wells 
for Scenario 4 are shown in Figures 49a to 49m.  The groundwater elevations at the three 1969 Western 
Judgment Index Wells (Johnson, Flume 2, and Flume 5 wells) are shown in Figures 50a to 50c.    The 
locations of the calibration wells and the Index Wells are shown on Figure 57.  The average groundwater 
elevations at the three Index Wells are shown in Figure 51.   

In general, the groundwater elevation differences match the pattern of groundwater recharge and 
production projects of Scenario 4 with the increased groundwater elevation occurring in the vicinity of the 
recharge facilities and decreased groundwater elevations occurring in the vicinity of the groundwater 
production wells.   

The groundwater elevations in Rialto-Colton, Riverside North and northern half of Riverside South 
Basins decrease due to additional groundwater production in Riverside North Basin (Figure 57).  
Recharging 6,000 AFY at the off-channel ASR Facilities is not sufficient to offset the additional 
groundwater production by the Flume wells, Colton well 30, and WVWD wells (Figures 57, 49a to 49g).   

The impacts of the Arlington Basin groundwater recharge operations at Victoria and Monroe basins can 
be seen by a groundwater mound at the Victoria basin (Figure 57).  Groundwater elevations of Scenario 4 
are lower than the Baseline groundwater elevations in the vicinity of the proposed desalter wells.  
However, the groundwater elevations of Scenario 4 are higher in the area west of La Sierra Avenue.  The 
groundwater elevation increase in this area is due to no production by La Sierra University wells in 
Scenario 4. 

Operation of Scenario 4 projects in Arlington Basin results in average annual storage change of -40 AFY, 
an average of 340 AFY less aquifer storage loss than the EC Baseline.  Operation of Arlington Basin 
under Scenario 4 projects is sustainable as loss of aquifer storage is not significant.   

9.4 Summary 
The purpose of Scenario 4 was to evaluate the impact of 2015 future groundwater recharge and 
production projects to offset the projected overdraft.  The results of the simulation show that the 
additional future extraction projects in the Riverside North and Riverside South Basins will need to be 
offset by additional recharge facilities to prevent significant impact on groundwater elevations and to 
keep the basins in balance.  The groundwater recharge and production in Arlington Basin is in balance.  
However, due to changes in production quantities and locations the groundwater elevations are lower in 
the vicinity of the proposed desalter wells and higher in the vicinity of the existing desalter wells. 



 

 

Riverside-Arlington Groundwater Model Chapter 10 - References
  

June 2011   
 

Chapter 10 References  
ASTM, 2002.  Calibrating a Ground-Water Flow Model Application. American Society of Testing 
Material Standards.  West Conshohocken, Pennsylvania. 

American Water Works Association, 2001, Water Resources Planning Manual. 

California Department of Water Resources, 1971, Meeting water demands in the Bunker Hill-San 
Timoteo area – geology, hydrology, and operation-economics studies: California Department of Water 
Resources Bulletin 104-5, Memorandum Report, text and plates, 395 p. 

CH2M Hill, 2003. Update of the Groundwater Flow Model and Assessment of Operational Performance 
Criteria for the RIX Facility. Prepared for Colton/San Bernardino Regional Tertiary Treatment and Water 
Reclamation Authority. 

Danskin, W.R., K.R. McPherson, and L.R. Woolfenden, 2005, Hydrology, Description of Computer 
Models, and Evaluation of Selected Water-Management Alternatives in the San Bernardino Area, 
California. U.S. Geological Survey Open-File Report 2005-1278.  

Dogrul, E. C., 2007, Soil Moisture Routing and Agricultural Demand Computation in IWFM Demand 
Calculator (IDC v1.0). Hydrology Development Unit, Modeling Support Branch, Bay-Delta Office, 
California Department of Water Resources. 

Geoscience, 2009, BunkerHill model layer elevations. Personal communications. 

Geoscience, 2010. Groundwater modeling results for evaluation of impacts from pumping the proposed 
Flume 7 well.  Prepared for City of Riverside, April 29. 
 

GeoTrans, 2003, Riverside Groundwater Basin Study Report, Project Agreement 16 – Phase 2. Prepared 
for the Santa Ana Watershed Project Authority and the City of Riverside Public Utilities Department, 
Water Division. 

Harbaugh, A.W., E.R. Banta, M.C. Hill, and M.G. McDonald. 2000, MODFLOW-2000, The U.S. 
Geological Survery Modular Ground-Water Model – User Guide to Modularization Concepts and the 
Ground-water Flow Process. U.S. Geological Survey Open-File Report 00-92. 

National Resources Conservation Service, 2009, Soil Survey Data. Soil Data Mart of National Resources 
Conservation Service.  http://soildatamart.nrcs.usdata.gov  

Numeric Solutions, 2009, Three-Dimensional Geologic Model of Riverside and Arlington Basins. 
Personnal Communications. 

Riverside Public Utilities, 2008, 2008 Land Use Shape File. Personal communications with Tom Field, 
Riverside Public Utilities. 

Rumbaugh, J.O. and D.B. Rumbaugh, 2007, Guide to Using Groundwater Vistas, Version 5. 
Environmental Simulations, Inc.  www.groundwatermodels.com 

Savanah River Site (SRS), 2006. Groundwater Modeling in the RCRA/CERCLA Process. Environmental 
Restoration Division, Regulatory Document Handbook, Manual: ERD-AG-003-Part P.1.12, Protocols.  
http://www.srs.gov/general/programs/soil/ffa/rdh/rdh.html 

Scott, M.B., 1976, Development of Water Facilities in the Santa Ana River Basin, California, 1810-1968. 
U.S. Geological Survey Open File Report # 77-398. Menlo Park, CA: U.S. Geological Survey. 

Southern California Association of Governments (SCAG), 2009; 1990, 1993, 2001, and 2005 Land Use 
Shape Files.  Personal communications with Javier Minjares, Senior Regional Planner, Data & GIS, 
Southern California Association of Governments. 213-236-1893. 



 

 

Riverside-Arlington Groundwater Model Chapter 10 - References
  

June 2011   
 

Taghavi, A., S. Najmus, and D. Wang, 2003, Integrated Groundwater and Surface water Model (IGSM) 
User’s Manual. Water Resources and Information Management Engineering, Inc.  www.wrime.com. 

Western Municipal Water District of Riverside County v.  East San Bernardino County Water 
District et al. 1969, Riverside County Superior Court, Case No.  78426.  April 17. 
Western Municipal Water District, 2008; 2008 Aerial Photo of Riverside and Arlington Basins.  Personal 
communications with Fakhri Manghi, Western Municipal Water District. 

Wildermuth, 2007, 2007 CBWM Groundwater Model Documentation and Evaluation of the Peace II 
Project Description. Prepared for Chino Basin Watermaster. 

Wildermuth, 2008. Feasibility Study for the Expansion of the Arlington Desalter System – Task 1 Report: 
Arlington Basin Groundwater Flow Model. Prepared for Western Municipal Water District. 

Woolfenden, L. and K. Koczot. 2001, Numerical Simulation of Ground-Water Flow and Assessment of 
the Effects of Artificial Recharge in the Rialto-Colton Basin, San Bernardino County, California, USGS 
Water-Resources Investigation Report 00-4243.  Prepared in Cooperation with the San Bernardino Valley 
Municipal Water District. 

WRIME, 2009, Task 3.2 Conceptual Model. Technical Memorandum for Task 3.2 of Riverside/Arlington 
Basins Numerical Groundwater Model and GWMPs Development. project.wrime.com 

WRIME, 2009, Task 3.3 Numerical Model. Technical Memorandum for Task 3.3 of Riverside/Arlington 
Basins Numerical Groundwater Model and GWMPs Development. project.wrime.com  

WRIME, 2010. Task 4 - Numerical Model Calibration, Validation, and Sensitivity Analysis.  Prepared for 
the City of Riverside, May 25. 

 



 

Table 1 – Model Boundaries 

NO. AQUIFER BOUNDARY MODEL BOUNDARY 

1 Underflow from Bunker Hill Basin 

Specified Flux: Injection wells represent underflow through 
the San Jacinto fault.  The underflow rates range from 
approximately 800 AFY to 8,100 AFY for 1965-2007.  Applies 
to Layers 1 and 2.  No injection wells were assigned to Layer 
3. 

2 Underflow from Rialto Basin 

General Head: General head boundary represents underflow 
from northern parts of Rialto Basin.  There is a 45 feet of head 
difference along this boundary.  The groundwater heads at this 
boundary are based on MVWD Well 16 (01S/05W-12L01S).  
Applies to all three model layers.  

3 Chino Basin Boundary at 
Bloomington Boundary 

Specified Flux: Underflow through the Bloomington 
Boundary is represented by five extraction wells in Layers 2 
and 3.  Layer 1 is not present at this boundary. 

4 Groundwater Discharge at Riverside 
Narrows 

Constant Heads: Constant head are used at Riverside 
Narrows to represent groundwater discharge to the Santa Ana 
River.  Constant heads are assigned to Layers 1 and 2.  Layer 3 
is inactive at this boundary. 

5 Underflow to Hole Lake Area 

General Head: General head boundary represents discharge 
to Hole Lake area.  General head cells are assigned to Layer 2.  
Layers 1 and 3 are inactive at this boundary.  General head 
cells are assigned to Layer 2.  Layers 1 and 3 are inactive at 
this boundary. 

6 Underflow to Temescal Basin at 
Arlington Narrows 

General Head: General head boundary represents underflow 
to Temescal Basin through the Arlington Narrows. 

7 Underflow through Rialto-Colton 
Fault 

Horizontal Flow Barrier: Horizontal flow barrier represents 
the Rialto-Colton Fault. Groundwater flow occurs through the 
fault mostly in the southern parts of the fault near the Santa 
Ana River.  Significant head difference exists across the Rialto-
Colton Fault near the Bloomington Boundary.  Applies to all 
three model layers. 

8 Groundwater Interaction with Santa 
Ana River 

RIVER: RIVER package is used to simulate the aquifer 
interaction with Santa Ana River in Layer 1.  Applies only to 
Layer 1. 

 



AG URB NV PARK

1 Arlington B 72 862 72 21 1,026

2 Arlington B 0 908 71 41 1,021

3 Arlington B 14 1,203 108 27 1,351

4 Arlington C 0 298 116 0 414

5 Arlington B 0 929 0 49 978

6 Arlington B 0 378 34 8 420

7 Arlington D 17 465 85 0 567

8 Arlington B 156 401 36 6 599

9 Arlington B 256 581 9 9 854

10 Arlington B 79 883 30 0 992

11 Arlington B 0 594 74 74 743

12 Arlington C 364 15 4 0 383

13 Arlington B 397 19 51 0 467

14 Arlington B 216 124 14 0 355

15 Arlington B 379 20 0 0 399

16 Arlington B 604 71 213 0 889

17 Arlington C 876 219 0 0 1,095

18 Arlington D 31 816 143 31 1,020

19 Arlington C 983 52 0 0 1,034

20 Arlington C 0 195 0 49 243

21 Rialto-Colton A-B 0 972 0 51 1,023

22 Rialto-Colton A 0 101 572 0 672

23 Rialto-Colton B 0 748 112 0 860

24 Rialto-Colton A-B 0 1,849 58 39 1,946

25 Riverside B 0 722 0 46 769

26 Riverside B 0 1,437 0 29 1,467

27 Riverside B 302 10 6 0 317

28 Riverside C 23 516 28 0 567

29 Riverside C 71 366 106 47 590

30 Riverside A-B 0 75 1,420 0 1,494

31 Riverside B 0 448 29 0 477

32 Riverside B 78 581 208 0 867

33 Riverside B 0 125 531 0 656

34 Riverside B 28 1,325 0 42 1,394

35 Riverside C 0 418 100 106 625

36 Riverside B 0 396 99 0 495

37 Riverside B 0 478 10 5 493

38 Riverside B 0 111 632 0 743

39 Riverside A-B 84 0 206 0 290

40 Riverside A 0 10 475 0 485

41 Riverside A-B 51 127 667 0 844

42 Riverside A-B 65 0 575 6 646

Table 2 
Hydrologic Soil Characteristics and Land Use Areas of 

Subregions for 1993 Land Use Conditions

Subregion Basin Soil Class
Land use (acres) Total Area 

(acres)



AG URB NV PARK
Subregion Basin Soil Class

Land use (acres) Total Area 
(acres)

43 Riverside A-B 280 815 38 140 1,274

44 Riverside C 0 582 161 23 765

45 Riverside A-B 28 576 98 0 702

46 Riverside A-B 292 136 251 0 678

47 Riverside B 17 398 150 12 576

48 Riverside B 262 437 166 9 874

49 Riverside B 37 669 15 15 735

50 Riverside B 747 11 391 0 1,150

51 Riverside A-B 0 487 0 0 487

52 Riverside A 0 0 567 0 567

53 Riverside A-B 0 0 685 0 685

54 Riverside A 0 0 508 0 508

55 Riverside B 0 435 109 0 543

56 Riverside B-C 0 492 117 6 615

57 Riverside A 0 195 278 15 487

58 Riverside A 0 0 639 0 639

59 Riverside B 0 468 42 10 521

60 Riverside C 0 0 1,196 0 1,196

61 Riverside C 0 139 177 0 317

62 Riverside B-C 0 184 553 0 737

63 Riverside A-B-C 0 0 548 0 548

64 Riverside A-B 65 622 105 16 807

65 Riverside A-B 78 473 36 12 598

66 Riverside A 0 529 227 0 756

67 Riverside A 0 948 105 0 1,053

68 Riverside C 400 17 4 0 421

69 Riverside B-C 45 602 68 38 752

70 Riverside C 0 1,053 145 118 1,316

71 Riverside C 0 601 0 12 613

72 Riverside C 0 487 0 5 492

73 Riverside B 523 71 113 0 707

74 Riverside C 22 284 15 48 368

75 Riverside B 44 774 18 44 880

76 Riverside C 39 857 79 10 985

77 Riverside A-B 149 299 548 0 996

78 Riverside C 0 64 731 0 795

79 Riverside C 15 670 22 37 744

80 Riverside C 0 95 185 0 280

81 Riverside C 0 132 57 0 189

82 Riverside B 0 1,354 0 42 1,396

83 Riverside B 0 20 217 158 395

84 Riverside B 0 409 0 84 493

85 Small Watersheds C 16 62 1,476 0 1,554

86 Small Watersheds C 0 874 1,425 0 2,299

87 Small Watersheds C 12 1,172 12 12 1,208



AG URB NV PARK
Subregion Basin Soil Class

Land use (acres) Total Area 
(acres)

88 Small Watersheds C 0 21 392 0 413

89 Small Watersheds C 0 3,087 2,058 0 5,145

90 Small Watersheds C 635 882 2,012 0 3,530

91 Small Watersheds C 263 346 775 0 1,385

92 Small Watersheds C 842 1,384 782 0 3,008

93 Small Watersheds C 831 128 639 0 1,598

94 Small Watersheds C 1,643 2,660 3,520 0 7,822

95 Small Watersheds C 124 247 803 62 1,236

96 Small Watersheds C 0 491 353 17 862

97 Small Watersheds B-C 0 270 115 12 397

98 Small Watersheds C 34 30 362 0 426

99 Small Watersheds C 79 31 8 0 118

100 Small Watersheds C 315 108 399 8 830

101 Small Watersheds C 6 61 20 0 87

102 Small Watersheds C 0 120 587 0 707

103 Small Watersheds C 0 1,439 626 21 2,085

104 Small Watersheds C 0 33 269 0 302

105 Small Watersheds C 3 61 215 0 279

106 Small Watersheds C 6 157 466 0 629

107 Small Watersheds C 0 0 453 0 453

108 Small Watersheds C 0 13 313 0 326

109 Small Watersheds C 19 77 1,836 0 1,933

110 Small Watersheds C 0 268 67 0 334

111 Small Watersheds C 26 51 436 0 513

112 Small Watersheds C 158 39 1,119 0 1,316

113 Small Watersheds C 0 164 364 0 527

0 3,670 742 90 4,502

3,744 23,529 14,454 1,135 42,863

4,443 9,032 1,060 314 14,849

8,188 36,231 16,256 1,539 62,214

5,012 14,275 21,903 132 41,323Small Watersheds

Total Model Area (acres)

Subtotals

Rialto‐Colton

Riverside

Arlington



AG URB NV PARK

1 Arlington B 0 893 72 62 1,026

2 Arlington B 0 970 0 51 1,021

3 Arlington B 0 1,311 0 41 1,351

4 Arlington C 0 372 29 12 414

5 Arlington B 0 939 0 39 978

6 Arlington B 0 395 0 25 420

7 Arlington D 0 510 57 0 567

8 Arlington B 0 539 48 12 599

9 Arlington B 0 812 0 43 854

10 Arlington B 0 932 0 60 992

11 Arlington B 0 624 0 119 743

12 Arlington C 357 27 0 0 383

13 Arlington B 458 0 9 0 467

14 Arlington B 99 255 0 0 355

15 Arlington B 339 60 0 0 399

16 Arlington B 800 44 44 0 889

17 Arlington C 679 394 0 22 1,095

18 Arlington D 0 979 10 31 1,020

19 Arlington C 910 124 0 0 1,034

20 Arlington C 0 195 0 49 243

21 Rialto-Colton A-B 0 1,023 0 0 1,023

22 Rialto-Colton A 0 148 525 0 672

23 Rialto-Colton B 0 731 0 129 860

24 Rialto-Colton A-B 0 1,946 0 0 1,946

25 Riverside B 0 738 0 31 769

26 Riverside B 0 1,437 0 29 1,467

27 Riverside B 311 6 0 0 317

28 Riverside C 0 516 40 11 567

29 Riverside C 0 460 88 41 590

30 Riverside A-B 0 90 1,405 0 1,494

31 Riverside B 0 467 0 10 477

32 Riverside B 0 797 43 26 867

33 Riverside B 98 216 341 0 656

34 Riverside B 0 1,366 0 28 1,394

35 Riverside C 0 500 0 125 625

36 Riverside B 0 441 54 0 495

37 Riverside B 0 483 10 0 493

38 Riverside B 0 164 580 0 743

39 Riverside A-B 0 6 284 0 290

40 Riverside A 0 19 397 68 485

41 Riverside A-B 0 211 633 0 844

42 Riverside A-B 0 575 65 6 646

Table 3
Hydrologic Soil Characteristics and Land Use Areas

of Subregions for 2008 land Use Conditions

Subregion Basin Soil Class
Land use

Total Area



AG URB NV PARK
Subregion Basin Soil Class

Land use
Total Area

43 Riverside A-B 0 981 127 166 1,274

44 Riverside C 0 605 115 46 765

45 Riverside A-B 0 576 70 56 702

46 Riverside A-B 0 651 27 0 678

47 Riverside B 0 524 52 0 576

48 Riverside B 70 760 44 0 874

49 Riverside B 0 713 15 7 735

50 Riverside B 57 57 1,035 0 1,150

51 Riverside A-B 0 487 0 0 487

52 Riverside A 0 51 516 0 567

53 Riverside A-B 0 27 658 0 685

54 Riverside A 0 51 457 0 508

55 Riverside B 0 451 81 11 543

56 Riverside B-C 0 492 0 123 615

57 Riverside A 0 429 58 0 487

58 Riverside A 0 192 447 0 639

59 Riverside B 0 484 0 36 521

60 Riverside C 0 0 1,196 0 1,196

61 Riverside C 0 149 168 0 317

62 Riverside B-C 0 280 457 0 737

63 Riverside A-B-C 0 0 548 0 548

64 Riverside A-B 0 654 153 0 807

65 Riverside A-B 0 461 138 0 598

66 Riverside A 0 529 113 113 756

67 Riverside A 0 1,022 0 32 1,053

68 Riverside C 295 109 17 0 421

69 Riverside B-C 0 602 0 150 752

70 Riverside C 0 1,172 0 145 1,316

71 Riverside C 0 601 0 12 613

72 Riverside C 0 487 0 5 492

73 Riverside B 594 113 0 0 707

74 Riverside C 0 313 0 55 368

75 Riverside B 0 845 9 26 880

76 Riverside C 0 936 30 20 985

77 Riverside A-B 100 398 498 0 996

78 Riverside C 0 48 747 0 795

79 Riverside C 0 700 0 45 744

80 Riverside C 0 98 182 0 280

81 Riverside C 0 132 57 0 189

82 Riverside B 0 1,354 0 42 1,396

83 Riverside B 0 36 43 316 395

84 Riverside B 0 454 0 39 493

85 Small Watersheds C 0 0 1,554 0 1,554

86 Small Watersheds C 0 1,104 1,196 0 2,299

87 Small Watersheds C 0 1,111 0 97 1,208



AG URB NV PARK
Subregion Basin Soil Class

Land use
Total Area

88 Small Watersheds C 0 62 351 0 413

89 Small Watersheds C 0 3,859 1,029 257 5,145

90 Small Watersheds C 0 2,118 1,412 0 3,530

91 Small Watersheds C 0 623 762 0 1,385

92 Small Watersheds C 150 2,256 602 0 3,008

93 Small Watersheds C 799 160 639 0 1,598

94 Small Watersheds C 1,173 3,129 3,520 0 7,822

95 Small Watersheds C 49 371 569 247 1,236

96 Small Watersheds C 0 517 345 0 862

97 Small Watersheds B-C 0 290 79 28 397

98 Small Watersheds C 0 85 341 0 426

99 Small Watersheds C 0 41 77 0 118

100 Small Watersheds C 374 374 83 0 830

101 Small Watersheds C 0 74 13 0 87

102 Small Watersheds C 0 297 410 0 707

103 Small Watersheds C 0 1,668 417 0 2,085

104 Small Watersheds C 0 121 181 0 302

105 Small Watersheds C 0 42 237 0 279

106 Small Watersheds C 13 201 415 0 629

107 Small Watersheds C 0 32 421 0 453

108 Small Watersheds C 0 7 320 0 326

109 Small Watersheds C 0 0 1,933 0 1,933

110 Small Watersheds C 0 301 33 0 334

111 Small Watersheds C 36 103 359 15 513

112 Small Watersheds C 0 461 856 0 1,316

113 Small Watersheds C 0 258 269 0 527

0 3,848 525 129 4,502

1,525 27,516 12,000 1,821 42,863

3,641 10,375 269 564 14,849

5,167 41,739 12,794 2,515 62,214

2,594 19,663 18,421 644 41,323Small Watersheds

Subtotals

Rialto‐Colton

Riverside

Arlington

Total Model Area (acres)



Basin No. StateWellN Name Agency X Y Monthly Average (AF/Mo)

1 01S05W36C11S 3 AGUA MANSA PROPERTIES 466,956 3,767,486 45
2 02S05W01P03S Bradford, Ivan 466,468 3,764,413 1
3 01S04W30B01S Well #8 CALIFORNIA PORTLAND CEMENT COMPANY 469,064 3,768,931 163
4 01S04W30D06S CPC #5 CALIFORNIA PORTLAND CEMENT COMPANY 468,012 3,769,075 71
5 01S05W25A02S CPC #7 CALIFORNIA PORTLAND CEMENT COMPANY 467,757 3,769,027 60
6 01S05W25A03S CPC #6 CALIFORNIA PORTLAND CEMENT COMPANY 467,791 3,769,115 45
7 01S05W35G02S 1, Agua Mansa CORRIDOR LAND COMPANY 465,460 3,766,849 7
8 01S05W35R DOUBLE D RANCH CORRIDOR LAND COMPANY 466,010 3,766,248 6
9 02S05W01E South #1, Riverbotto CORRIDOR LAND COMPANY 466,313 3,765,341 2
10 01S04W30R COUNTRY CLUB STORAGE 469,243 3,767,591 9
11 01S05W34J01S CACTUS EL RIVINO COUNTRY CLUB 464,592 3,766,469 64
12 01S05W36B OLD DUNN Fisher, Charlotte 467,270 3,767,489 2
13 01S05W24R01S 1 SOUTH GENERAL AMERICAN TRANSPORTATION CORP (GATX) 467,494 3,769,256 2
14 01S05W34A 1 GREEN ACRES 464,433 3,767,537 7
15 01S05W34K 56 GREEN ACRES MEMORIAL PARK ASS'N 464,023 3,766,474 17
16 01S05W34K02S NO 57 GREEN ACRES MEMORIAL PARK ASS'N 463,959 3,766,477 12
17 01S05W34L02S 8TH ST GREEN ACRES MEMORIAL PARK ASS'N 463,806 3,766,809 9
18 01S05W25M 1 Colton HOLLIDAY TRUCKING 466,273 3,768,284 6
19 01S05W25M04S COLTON #2 HOLLIDAY TRUCKING 466,286 3,768,280 3
20 02S05W01Q Howell, Orus 467,159 3,764,417 4
21 02S05W02G 63-1 MADISON, ERIN 465,725 3,765,230 25
22 01S04W30P01S DAIRY McDANIEL & SON DAIRY 468,376 3,767,953 1
23 02S05W02J Klein /Sand River #1 MILESTONE RANCH 466,044 3,764,897 19
24 02S04W06Q 1 HOUSE ROQUET, HARRY V. 468,706 3,764,758 6
25 01S05W25B02S SEINTURIER VULCAN - CAL MAT 467,148 3,769,087 15
26 01S05W25R Ward Duck WOODLAND FARMS 467,501 3,767,788 32
27 02S04W05F03S RN#6 COLTON, CITY OF 470,177 3,765,308 67
28 02S05W02H South well, Holly 466,068 3,765,490 -
29 01S04W29H03S COLTON 469,785 3,768,277 1
30 01S05W33A02S Gas A-2 RANCHO DE SANTA FE 462,940 3,767,402 13
31 01S04W28M01S 2 VILLELLI ENTERPRISES 471,406 3,768,303 32
32 01S05W34B01S FIRESTONE GROUP LTD 464,663 3,767,562 8
33 01S05W35D01S 1 HAMADA BROS 464,615 3,767,600 32
34 02S04W06Pa ROQUET, HARRY V. 468,580 3,764,678 61

02S04W06P
35 02S05W01Q01S WILLIAMS Stapakis, William 467,198 3,764,686 19
36 02S05W02Q RNCH 1 Bradvica, Louis 465,600 3,764,664 5
37 01S05W36M Small ASPHALT RECYCLING 467,075 3,766,905 3
38 01S05W36F ALLEE RANCH ALLEE RANCH 467,559 3,767,576 14
39 01S05W35J 2 Service Rock CO SERVICE ROCK CO 466,532 3,767,013 1
40 02S05W02C 1 INTER COUNTY WATER COMPANY 465,387 3,765,716 13

Water Agencies with Minimal Annual Production
41 02S04W05M01S PICO #64 GRAND TERRACE, CITY OF 469,734 3,764,794 12
42 01S04W32E11S 8 LA SIERRA WATER COMPANY 469,675 3,766,952 139
43 01S04W32E09S 10 LA SIERRA WATER COMPANY 469,819 3,767,028 87
44 01S04W29Q03S FLUME 4 LA SIERRA WATER COMPANY 470,531 3,767,829 57
45 01S04W29Q04S FLUME 6 LA SIERRA WATER COMPANY 470,373 3,767,624 98
46 01S04W32E07S 7 LA SIERRA WATER COMPANY 469,761 3,766,976 49
47 02S04W06A01S 1 MERRYFIELD WATER COMPANY 469,168 3,765,927 12
48 01S05W25L02S DISPOSAL RIALTO,  CITY OF 466,700 3,768,225 5
49 02S04W06R04S Riv Canal 61 RIVERSIDE CANAL POWER CO. 469,387 3,764,733 11
50 02S04W06R05S Riv Canal 62/CE #3 RIVERSIDE CANAL POWER CO. 469,392 3,764,699 7
51 02S04W06R06S Riv canal 63/CE #4 RIVERSIDE CANAL POWER CO. 469,394 3,764,637 7
52 02S04W06J01S Riv Canal 60 RIVERSIDE CANAL POWER CO. 469,384 3,764,807 2
53 02S04W05F02S JUMAL WATER COMPANY 470,206 3,765,349 8
54 01S04W32B02S #7 WEST RIVERSIDE 350 WATER COMPANY 470,616 3,767,377 95
55 01S04W32E02S 6 LA SIERRA WATER COMPANY 466,700 3,768,225 -
56 01S05W36C09S NO 1 JURUPA WATER COMPANY 468,580 3,764,678 1
57 01S05W36C10S 1 AND HALF JURUPA WATER COMPANY 468,706 3,764,758 42
58 01S04W32B01S 350"  #5 WEST RIVERSIDE 350 WATER COMPANY 470,399 3,767,181 30

59 02S04W06A03S PALM AVE ELSINORE VALLEY M.W.D. 469,401 3,765,928 119

City of Colton
60 01S04W18N #24 COLTON, CITY OF 467,964 3,770,865 129

Riverside Highland Water Company
61 02S04W06R01S RN #7 RIVERSIDE HIGHLAND WATER CO 469,404 3,764,382 107
62 01S04W28N05S RN #17 RIVERSIDE HIGHLAND WATER CO 471,115 3,767,798 118
63 01S04W28L02S RN #20 RIVERSIDE HIGHLAND WATER CO 471,727 3,767,995 54
64 01S04W32M04S LV #3 RIVERSIDE HIGHLAND WATER CO 469,715 3,766,591 54
65 01S04W32M01S LV #1 RIVERSIDE HIGHLAND WATER CO 469,736 3,766,575 15
66 01S04W32M02S LV #2 RIVERSIDE HIGHLAND WATER CO 469,685 3,766,598 3

67 02S04W05E01S VAN BUREN #1 RIVERSIDE, CITY OF 469,815 3,765,200 240
68 02S04W05E02S VAN BUREN #2 RIVERSIDE, CITY OF 469,536 3,765,192 234
69 02S05W02R01S JURUPA 5 RIVERSIDE, CITY OF 465,863 3,764,450 112
70 02S05W02Q08S JURUPA 7 RIVERSIDE, CITY OF 465,732 3,764,362 136
71 02S05W02R03S JURUPA 3 RIVERSIDE, CITY OF 465,834 3,764,454 68
72 02S05W01G02S Main Pellisi RIVERSIDE, CITY OF 467,141 3,765,254 49
73 01S04W29R01S FLUME 3 RIVERSIDE, CITY OF 470,618 3,767,990 58
74 01S04W29H01S FLUME 2 RIVERSIDE, CITY OF 470,813 3,768,386 74
75 01S05W25R04S TWIN  BUTTE # 6 RIVERSIDE, CITY OF 467,602 3,767,774 82
76 02S05W02R02S JURUPA 4 RIVERSIDE, CITY OF 465,844 3,764,385 20
77 01S05W36L01S AGUA MANSA RIVERSIDE, CITY OF 466,883 3,766,420 6
78 01S04W29Q01S FLUME 5 RIVERSIDE, CITY OF 470,453 3,767,590 18
79 02S05W02Q07S JURUPA 6 RIVERSIDE, CITY OF 465,724 3,764,407 15
80 02S05W01J03S Dom Pellisi RIVERSIDE, CITY OF 467,486 3,764,990 1
81 02S04W05C01S DEBERRY RIVERSIDE, CITY OF-GAGE CANAL 470,025 3,765,719 123

82 01S05W24M02S #18A WEST VALLEY WATER DIST 466,274 3,769,876 141
83 01S05W36E03S #41 WEST VALLEY WATER DIST 466,435 3,766,941 93
84 01S05W23Q01S PL 29 / Cram-Wright WEST VALLEY WATER DIST 465,570 3,769,302 40
85 01S05W23N01S PLANT NO 19 WEST VALLEY WATER DIST 464,814 3,769,275 48
86 01S05W24M01S PL 18/Slover Mutual WEST VALLEY WATER DIST 466,295 3,769,840 2
87 01S05W34B02S PLANT NO 26 WEST VALLEY WATER DIST 463,843 3,767,307 10
88 01S05W34D01S PLANT NO 25 WEST VALLEY WATER DIST 463,185 3,767,583 19

Table 4 - Monthly Average Groundwater Production from Wells in Model Area
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Basin No. StateWellN Name Agency X Y Monthly Average (AF/Mo)

89 03S05W08B02S Irrigation CALIF BAPTIST UNIVERSITY 460,860 3,754,590 9
90 02S05W23Q03S FREEWAY CALIF DEPT OF TRANSPORTATION DIST 8R 465,676 3,759,594 38
91 03S05W09A01S CBLNCA 1 CARPENTER COMPANY 462,702 3,754,137 25
92 02S05W22D01S "G" (Jones Ranch) LORING RANCH 31503 LP 463,059 3,761,073 10
93 02S05W02Fa 1 VALENCIA MADISON, ERIN 465,206 3,765,464 17
94 02S05W21B01S "E" (Jones Ranch) MASTERCRAFT HOMES 462,361 3,760,895 19
95 02S05W22C02S C MASTERCRAFT HOMES 463,365 3,761,087 26
96 02S05W21A01S F MASTERCRAFT HOMES 462,942 3,760,979 30
97 02S05W22D A (LEVEE) MICHAEL, C. 463,227 3,760,869 25
98 02S05W03A03S 60-1 Blending Pile RIVERSIDE CEMENT COMPANY 464,446 3,765,733 62
99 02S05W03F02S 88-1 RIVERSIDE CEMENT COMPANY 463,792 3,765,169 30

100 02S05W03J CRESTMOR RIVERSIDE CEMENT COMPANY 464,420 3,764,993 76
101 02S05W15B10S 1 RIVERSIDE THOROUGHBRED FARM 464,037 3,762,520 41
102 02S05W15B11S #2 RIVERSIDE THOROUGHBRED FARM 463,954 3,762,491 10
103 02S04W08N02S PALMYRTA Schwab, A. M. 469,499 3,763,115 3
104 02S05W10C04S 1 UNIVERSAL FOREST PRODUCTS 463,840 3,764,329 1
105 02S05W10C03S 2 UNIVERSAL FOREST PRODUCTS 463,889 3,764,325 1
106 02S05W10C01S 3 UNIVERSAL FOREST PRODUCTS 463,935 3,764,328 1
107 02S04W08D02S #8, HIGHGROVE UNIVERSITY OF CALIFORNIA, REGENTS OF 469,481 3,764,231 19
108 02S05W25F02S #2 VICTORIA COUNTRY CLUB 466,836 3,758,755 35
109 02S04W07P 0 GRUBBS, V. W. 468,547 3,763,087 2
110 02S04W19J02S COOK 2 SCOPE CORPORATION 469,355 3,760,100 5
111 02S04W19R01S HALL 1 SCOPE CORPORATION 469,251 3,759,872 3
112 02S05W03R03S 2 AGUA MANSA PROPERTIES 464,421 3,764,987 1
113 02S05W05R02S PATA 66 PROPERTY ACQUISITION COMPANY 461,104 3,764,765 8
114 02S05W23G02S 6TH ST MIPO CORP, DBA MISSION 465,524 3,760,369 3
115 02S05W23L01S AIR COND CITIZENS NATIONAL COMPANY 465,346 3,760,292 2
116 02S05W32K01S WAYMAN Zike, Vera 460,907 3,757,019 3
117 02S05W25F01S CLEARWATER VICTORIA COUNTRY CLUB 466,818 3,758,736 25
118 02S04W07N CIT ST 2 Burns, F.L. & Laura 468,072 3,762,958 1
119 02S04W18C 3 HUNTER ENGINEERING COMPANY 468,544 3,762,368 4
120 02S05W14E 1, Palmyrita Johnson, Truman 464,627 3,762,287 26
121 02S05W02F CHINO NO 3 MADISON, ERIN 465,192 3,765,447 24
122 02S05W02L 64-1 MADISON, ERIN 465,142 3,765,053 18
123 02S05W32A01S VON KANEL, ALFRED 461,117 3,757,713 4

124 02S05W03B02S 2 CRESTMORE HEIGHTS MUTUAL WATER COMPANY 463,918 3,765,971 1
125 02S05W03B 3 CRESTMORE HEIGHTS MUTUAL WATER COMPANY 463,858 3,765,972 4
126 02S05W11J ALAMO WATER COMPANY 465,926 3,763,489 26
127 02S05W08K04S #1 EMPIRE  WATER 461,143 3,763,414 3
128 02S05W08K05S #2 EMPIRE  WATER 460,919 3,763,345 33
129 02S05W08G04S 3 JURUPA COMMMUNITY SERVICES DISTRICT 460,919 3,763,898 24
130 02S05W08G05S #21 JURUPA COMMMUNITY SERVICES DISTRICT 460,918 3,763,991 43
131 02S05W05R PEARSON MUTAL JURUPA COMMMUNITY SERVICES DISTRICT 461,057 3,764,818 7
132 02S05W08G01S Sunnyslope #5 JURUPA COMMMUNITY SERVICES DISTRICT 460,974 3,763,937 32
133 02S05W08K02S 6 JURUPA COMMMUNITY SERVICES DISTRICT 461,027 3,763,690 11
134 02S05W08K03S #7 JURUPA COMMMUNITY SERVICES DISTRICT 461,056 3,763,742 14
135 02S05W02L01S 1 RIVINO WATER COMPANY 465,203 3,765,156 15
136 02S05W14D01S Irrigation RIVERSIDE COUNTY FLOOD CONTROL 464,934 3,762,652 1
137 02S05W21K Edmunds "D" RIVERSIDE COUNTY PARKS DEPARTMENT 462,446 3,760,199 36
138 02S05W21K01S HQ RIVERSIDE COUNTY PARKS DEPARTMENT 462,166 3,760,113 5
139 02S05W21M01S PIC LAK 12 RIVERSIDE COUNTY PARKS DEPARTMENT 461,421 3,760,178 36
140 02S05W21M04S PIC LAK 14 RIVERSIDE COUNTY PARKS DEPARTMENT 461,500 3,760,233 16
141 02S05W21M03S PIC LAK 8 RIVERSIDE COUNTY PARKS DEPARTMENT 461,451 3,760,210 1

142 02S04W08M01S RN #21 RIVERSIDE HIGHLAND WATER CO 469,798 3,763,515 55
143 02S04W08M02S RN #22 RIVERSIDE HIGHLAND WATER CO 469,487 3,763,522 56

144 02S05W23Q01S 11TH ST RIVERSIDE, CITY OF 465,714 3,759,596 113
145 02S05W24D01S 1ST ST RIVERSIDE, CITY OF 466,484 3,760,756 112
146 02S05W12P02S BRUNTON RIVERSIDE, CITY OF 466,904 3,763,145 22
147 02S05W13Q02S CUNHAM 2 RIVERSIDE, CITY OF 467,131 3,761,312 121
148 02S04W07L01S ELECTRIC Street RIVERSIDE, CITY OF 468,345 3,763,508 214
149 02S05W14E01S FAIRMONT PARK  2 RIVERSIDE, CITY OF 464,888 3,762,101 51
150 02S05W14G02S FAIRMOUNT PARK #1 RIVERSIDE, CITY OF 465,467 3,762,112 40
151 02S05W23R01S FILL RIVERSIDE, CITY OF 465,897 3,759,544 123
152 02S05W12B01S GARNER #1 (T&G) RIVERSIDE, CITY OF 467,217 3,764,115 20
153 02S05W12B04S GARNER B RIVERSIDE, CITY OF 467,213 3,764,058 126
154 02S05W12C03S GARNER C RIVERSIDE, CITY OF 466,896 3,764,214 244
155 02S05W12B06S GARNER D RIVERSIDE, CITY OF 467,074 3,764,146 202
156 02S05W11B JURUPA 1 RIVERSIDE, CITY OF 465,695 3,764,307 31
157 03S05W09E01S LINCOLN HEIGHTS RIVERSIDE, CITY OF 461,660 3,753,966 16
158 02S05W12P01S Moore Griffith #1 RIVERSIDE, CITY OF 466,935 3,762,887 95
159 02S05W14G03S MORI RIVERSIDE, CITY OF 465,643 3,761,992 64
160 02S05W23J01S MULBERRY RIVERSIDE, CITY OF 465,857 3,759,888 22
161 03S05W03F01S ORANGE ACRES RIVERSIDE, CITY OF 463,728 3,755,679 5
162 02S04W07N03S PALMYRITA #2 RIVERSIDE, CITY OF 467,899 3,762,932 131
163 02S05W12A03S RUSSELL B RIVERSIDE, CITY OF 467,489 3,764,104 134
164 02S05W12B07S Russell C RIVERSIDE, CITY OF 467,637 3,764,019 134
165 02S05W12K02S TWIN SPRINGS 1&2 RIVERSIDE, CITY OF 467,380 3,763,363 214
166 02S04W08D04S HIGHGROVE 3 RIVERSIDE, CITY OF 469,530 3,764,125 -
167 02S04W08E01S HIGHGROVE 1 RIVERSIDE, CITY OF 469,804 3,763,894 18
168 02S04W19J01S LEMONA 1 RIVERSIDE, CITY OF 469,123 3,759,962 1
169 02S05W12A01S RUSSELL RIVERSIDE, CITY OF 467,548 3,764,038 104
170 02S05W28A01S SANITARY RIVERSIDE, CITY OF 462,946 3,759,457 -
171 02S05W29G JENSEN RIVERSIDE, CITY OF 460,115 3,758,994 87
172 02S05W26F01S Olivewood 1 RIVERSIDE, CITY OF-GAGE CANAL 465,054 3,758,729 55
173 02S05W26E02S Olivewood 2 RIVERSIDE, CITY OF-GAGE CANAL 464,847 3,758,845 93
174 02S05W26M01S Olivewood 3 RIVERSIDE, CITY OF-GAGE CANAL 464,922 3,758,660 39

175 02S05W17R03S #11 CLEMENTS (OLD 4) RUBIDOUX C.S.D. 461,184 3,761,326 42
176 02S05W21C01S #12, Airport RUBIDOUX C.S.D. 461,900 3,761,089 61
177 02S05W20H04S #13 HUNTER 6 RUBIDOUX C.S.D. 461,302 3,760,368 26
178 02S05W20A01S #14, 46th St RUBIDOUX C.S.D. 461,247 3,760,967 43
179 02S05W20J02S #16 HUNTER RUBIDOUX C.S.D. 461,310 3,760,273 12
180 02S05W15L11S #17 RUBIDOUX C.S.D. 463,532 3,761,836 207
181 02S05W15L12 #18 RUBIDOUX C.S.D. 463,510 3,761,858 246
182 02S05W16J #19 (1, Ft Fremont) RUBIDOUX C.S.D. 462,732 3,761,597 9
183 02S05W15L01S #1-CRESTMORE RUBIDOUX C.S.D. 463,394 3,761,814 39
184 02S05W16H06S #2, Troyer RUBIDOUX C.S.D. 462,564 3,762,124 76
185 02S05W10P01S #3 28TH ST RUBIDOUX C.S.D. 463,595 3,763,094 17
186 02S05W11C02S #4, Old Skotty RUBIDOUX C.S.D. 464,320 3,764,514 59
187 02S05W15M01S #5 Daly #1(New 36th) RUBIDOUX C.S.D. 463,272 3,761,660 30
188 02S05W15M02S #7, Daly #2 RUBIDOUX C.S.D. 463,515 3,761,840 16
189 02S05W15L09S #8, 34th & Daly RUBIDOUX C.S.D. 463,377 3,761,812 5
190 02S05W16R01S 1 (Rio Rancho) RUBIDOUX C.S.D. 462,832 3,761,452 6
191 02S05W15L Gould (New Daly #8) RUBIDOUX C.S.D. 463,389 3,761,827 164
192 02S05W16G04S NO 1 RUBIDOUX C.S.D. 462,420 3,762,201 5
193 02S05W10K06S NO 1, W Riv Mutual RUBIDOUX C.S.D. 464,415 3,763,451 19
194 02S05W16Ja #20 2-Ft Fremont SW RUBIDOUX C.S.D. 462,732 3,761,597 7
195 02S05W16E06S OLD #4 RUBIDOUX C.S.D. 461,535 3,762,045 24
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Basin No. StateWellN Name Agency X Y Monthly Average (AF/Mo)

196 03S06W14P03S GOLDEN CITY NATIONAL BANK TRUSTEE 455,451 3,751,209 96
197 03S06W22K03S MAGOLIA  ELEC CITY NATIONAL BANK TRUSTEE 454,307 3,750,412 16
198 03S05W08E02S Water Tower DEPT. OF INTERIOR, BUREAU OF INDIAN AFFAIRS 459,902 3,753,942 13
199 03S06W22L04S SWISS DAIRY GEM'S CABINET SHOP 453,935 3,750,255 1
200 02S06W36R PAYTON KONING, WALT & CORY 457,754 3,756,470 3
201 03S06W15R 1  4001-B LA SIERRA UNIVERSITY 454,374 3,751,574 33
202 03S06W15R2a 5  4001-A LA SIERRA UNIVERSITY 454,633 3,751,426 31
203 03S06W21A2a 6  3991-B LA SIERRA UNIVERSITY 454,654 3,751,373 39
204 03S06W15R3a 4  3991-A (Old #2) LA SIERRA UNIVERSITY 454,633 3,751,426 33
205 03S05W07G Garfield P1 ARLINGTON MUTUAL WATER COMPANY 458,962 3,754,122 17
206 03S06W12A 1 LEASE ASSOCIATED-COURTESY ESCROW 457,990 3,754,415 14
207 03S06W12R HOSPTAL RIVERSIDE COUNTY PARKS DEPARTMENT 457,955 3,753,086 16
208 03S06W13A REYNOLDS, HARRY C 457,494 3,752,091 22
209 03S06W13M03S POLK ST CITY NATIONAL BANK TRUSTEE 456,571 3,752,073 49
210 03S06W13Q 1 SWEANEY GROUP ARL HTS CITRUS 456,776 3,751,571 5
211 03S06W13Aa MEGGSN RIVERSIDE, COUNTY OF 457,696 3,752,152 19
212 03S05W07C 1 LOVING HOMES GREENS HOMEOWNERS 458,506 3,754,312 11

213 03S06W22K04S TWIN BUTTES 1 RIVERSIDE,  CITY OF 454,220 3,750,407 27
214 03S06W13N02S DALY 2 RIVERSIDE,  CITY OF 456,583 3,751,424 17
215 03S05W06Q04S ISELIN 1 RIVERSIDE,  CITY OF 459,104 3,754,738 12
216 03S05W06Q05S ISELIN 2 RIVERSIDE,  CITY OF 459,131 3,754,715 10
217 03S05W06Q02S ARMY 1 RIVERSIDE,  CITY OF 459,268 3,754,825 8
218 03S05W06Q03S ARMY 3 RIVERSIDE,  CITY OF 459,113 3,754,716 9
219 03S06W22K01S BUCHANAN #1 RIVERSIDE,  CITY OF 453,871 3,750,185 5
220 03S06W22L01S BUCHANAN #2 RIVERSIDE,  CITY OF 453,865 3,750,179 8
221 03S06W13B01S HOLE 2 RIVERSIDE,  CITY OF 457,627 3,752,807 65
222 03S06W13E05S POLK RIVERSIDE,  CITY OF 456,529 3,752,157 118
223 03S06W13N01S DALY 1 RIVERSIDE,  CITY OF 456,547 3,751,468 26
224 03S06W14Q01S WALTON RIVERSIDE,  CITY OF 456,043 3,751,377 9
225 03S06W22P DUNLOP RIVERSIDE,  CITY OF 453,269 3,749,679 32
226 03S06W13B02S HOLE 1 RIVERSIDE,  CITY OF 457,638 3,752,797 35

227 03S06W23C01S WMWD-DS #4 WESTERN MUNICIPAL WATER DISTRICT 455,206 3,751,041 103
228 03S06W23C02S WMWD-DS #3 WESTERN MUNICIPAL WATER DISTRICT 455,204 3,751,036 101
229 03S06W14Q02S WMWD-DS #5 WESTERN MUNICIPAL WATER DISTRICT 455,744 3,751,405 95
230 03S06W23E01S WMWD-DS #2 WESTERN MUNICIPAL WATER DISTRICT 454,939 3,750,885 87
231 03S06W22H01S WMWD-DS #1 WESTERN MUNICIPAL WATER DISTRICT 454,700 3,750,699 74

232 01S04W21N01S 36 MEEKS & DALEY WATER COMPANY 471,446 3,769,589 78

233 01S04W18F01S 17 COLTON, CITY OF 468,321 3,771,749 60
234 01S04W18G01S 15 COLTON, CITY OF 468,682 3,771,753 49
235 01S04W27L03S 22 COLTON, CITY OF 473,189 3,768,336 53
236 01S04W21K01S #23 COLTON, CITY OF 472,237 3,769,934 159
237 01S04W18B 9 COLTON, CITY OF 468,670 3,772,205 10

238 01S04W21L01S VAUGHN 1 RIVERSIDE,  CITY OF 471,785 3,769,823 57
239 01S04W28D01S MILL RIVERSIDE,  CITY OF 471,160 3,768,851 20
240 01S04W21Q03S JOHNSON 1 RIVERSIDE,  CITY OF 471,924 3,769,571 49
241 01S04W28C01S MEEKS 1 RIVERSIDE,  CITY OF 471,501 3,769,187 25

242 01S04W28K02S CR 4-A RIVERSIDE HIGHLAND WATER CO 471,884 3,768,186 17
243 01S04W28K01S CR #4 RIVERSIDE HIGHLAND WATER CO 471,892 3,768,245 16
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Zone Kx (ft/d) Ky (ft/d) Kz (ft/d) Ss Sy

1 302 302 30 0.000001 0.25
2 328 328 33 0.000001 0.15
3 197 197 20 0.000001 0.22
4 197 197 20 0.000001 0.15
5 164 164 16 0.000001 0.15

6 262 262 26 0.000001 0.25
7 328 328 33 0.000001 0.2
8 148 148 15 0.000001 0.22
9 102 102 10 0.000001 0.2

10 102 102 10 0.000001 0.1
11 16 16 2 0.000001 0.15
12 102 102 10 0.000001 0.2
13 66 66 7 0.000001 0.08
14 49 49 5 0.000001 0.2
15 10 10 1 0.000001 0.2
16 7 7 1 0.000001 0.2
17 279 279 28 0.000001 0.35

16 7 7 1 0.000001 0.20
18 74 74 7 0.000001 0.25
19 328 328 33 0.000001 0.15
20 98 98 10 0.000001 0.15
21 59 59 6 0.000001 0.10
22 59 59 6 0.000001 0.10
23 102 102 10 0.000001 0.10
24 10 10 1 0.000001 0.06
25 49 49 5 0.000001 0.30

Model Layer 1

Model Layer 2

Model Layer 3

Table 5 - Aquifer Parameters



Feet above MSL Feet above MSL # Depth to Top 
(ft) Depth to Bottom (ft)

A1 03S06W24Q01s Abraham WEI 817 799 

A3 03S06W22K01 BUCHANAN 
#1

1965-1966, 1971-
1975 1983, 1988, 

1996
13 GeoTrans/WE

I 696 653 1 32 100 

A4 03S06W22K04 Twin Buttes 1 1965-1991 177 692 651 

A8 03S06W22G Pierce St 
Sewer 3 699 656 

A12 03S06W14Q01 Walton 1964-1974 23 719 663 

A15 03S06W13N02 Daly 2 1964-1974
 1976-1983 88 GeoTrans 725 679 

A16 DOI 719 675 1 310 410 

A17 03S05W17K02 Jackson WEI 879 828 

A18 03S06W13E05 POLK 1965-1974 331 WEI 715 677 
A19 03S06W13B02 HOLE 2 1965-1975 184 GeoTrans 755 709 1 110 162 

A21 03S05W08E02 Water Tower 2000-2007 30 WEI 785 758 

A23 03S05W08B02 Irrigation 1997-2007 28 WEI 804 760 

A24 03S05W06Q03 ARMY 3 1966-1974
1977-1997 19 WEI 751 742 

C1 01S04W28K02 CR 4-A

1966-1969
1971-1972
1974-1979
1984-1989

1992

84 USGS 947 889 1 18 185 

C7 01S04W21Q03 JOHNSON 1
1695-1972
1974-1977

1982
190 USGS 959 882 1 194 596 

C12 01S04W16P04 Fault 13 1,016 857 

R1 01S04W17M01 Patterson 1,069 890 

RA4 02S05W20J02 #16 HUNTER
1965-1983 
1985-1997 106 742 737 1 25 70 

RA7 02S05W16R01 1 (Rio 
Rancho) 1965-1997 60 768 753 1 55 68 

RA9 02S05W14E01 FAIRMONT 
PARK  2

1965-1977
1979, 

1981-1996,
2007

449 CH2M 800 782 1 62 205 

RA10 02S05W14D01 Irrigation 1997-2007 28 CH2M 800 781 

RA11 02S05W10P01 #3 28TH ST

1965-1979
1985-1988

1993
1997-2006

117 CH2M 863 782 1 170 134 

RA16 01S05W35R01 DOUBLE D 
RANCH 1965-2006 74 CH2M 876 823 

RA17 01S04W32E11 8 1964-1980 622 904 881 1 20 388 

TWIN  
BUTTE # 6

1964-1972
1974-1976
1987-1990

292 1 50 130 

2 2 130 280 

RA24 01S04W30A
CPC East 

Side 973 876 

RB1 02S05W03A01 58-1 CH2M 953 819 

RB2 01S05W34L02 8TH ST 1965-1975
1980-2007 100 CH2M 958 821 

RB3 01S05W35G02 1, Agua 
Mansa

1965-1969
1987-2004 39 CH2M 922 846 

RB5 01S05W33A01 Santa Fe 
Elextric A-1 CH2M 1,004 832 

RB7 01S05W35D01 1 1965-1988 93 CH2M 968 836 1 55 68 

30 1 130 178 

2 2 188 200 
RB11 01S05W25A03 CPC #6 1965-2007 540 CH2M 1,014 880 

RB12 01S05W23Q01 PL 29 / Cram-
Wright

1965-1972
1976-1995 234 1,020 851 1 162 236 

RC1 02S05W20A01 #14, 46th St 1985-1999
2005,2007 191 755 748 

RC3 02S05W17K01 NA CH2M 807 745 

Sunnyslope 
#5 212 1 131 136 

2 2 143 280 

RD1 03S05W09E01 LINCOLN 
HEIGHTS

1965-1967
1969-1977 52 856 768 

1965-1976 15 1 124 138 
2 2 150 168 

RD3 02S05W32Q Laura Lane 768 749 

RD4 02S05W32B01 RR 1 CH2M 781 742 

RE9 02S05W23J01 MULBERRY 1965-1976
1979,1981 76 GeoTrans/CH

2M 872 777 1 143 300 

RE12 02S05W23F01 NA CH2M 843 773 

RE13 02S04W19E01 NA CH2M 929 785 

1 192 226 
2 232 244 

RF5 02S04W08M01 RN #21 1965-2006 571 1,000 827 
58 1 130 204 
2 2 216 222 

2 3 302 342 

RF10 01S04W32Q02 Curtis CH2M 1,000 834 1 

RF7 02S04W06R05 Riv Canal 
62/CE #3

1965-1987
1993-1994
1996-1997

2000

942 831 

RD2 03S05W03F01 ORANGE 
ACRES

Management Zone - Riverside D

902 755 RC4 02S05W08G03
1965-1979
1984-1986
1997-1999

Management Zone - Riverside C

960 891 RB9 01S05W25L02 DISPOSAL CH2M1965-1978
1980-1989

Management Zone - Riverside B

880 854 RA21 01S05W25R04 CH2M

Management Zone - Rialto

Management Zone - Colton

Management Zone - Arlington

Well Screen Interval
Active Years

RF2 02S04W07N01 PALMYRITA 
1

Table 6 - Characteristics of Model Caibration Wells

Map ID State Well No. Local Name
Is Well used 

in other 
model?

Ground Surface 
Elevation

2006 Groundwater 
ElevationAverage 

Pumping (AFY)

Management Zone - Riverside A

GeoTrans 892 787 

Management Zone - Riverside F

Management Zone - Riverside E

879 754 



Table 7 – Residuals Statistics 

Residual Statistics 
Calibration 

1965-2005 

Validation 

2006-2007 

Mean Absolute Residual, ft 12.1 13.2 

Percent of Simulated Groundwater Elevations 
within 25 feet of Observed Groundwater 
Elevations (%) 

91% 91% 

Percent of Simulated Groundwater Elevations 
within 15 feet of Observed Groundwater 
Elevations (%) 

78% 60% 

Percent of Simulated Groundwater Elevations 
within 10 feet of Observed Groundwater 
Elevations (%) 

64% 45% 

Residual Mean, ft 0.8 10.4 

Residual Standard Deviation, ft 16.0 11.8 

Minimum Residual, ft -113.0 -21.4 

Maximum Residual, ft 73.1 32.3 

Range in Observed Groundwater Elevations, ft 302.1 245.1 

Residual Standard Deviation / Range in 
Observed Groundwater Elevations (%) 

5% 5% 

 



Table 8 ‐ Annual Groundwater Budget for Rialto‐Colton Basin (acre‐feet/yr)

Ag Areas ‐ Rain
Ag Areas ‐ Applied 

Water
Urban Areas ‐ Rain

Urban Areas ‐ Applied 
Water

Column No. a  b c d 1 = a+b+c+d 2 3 4 5 6 7 8 9 11 12 13 14 15 16

1965 1,315 1,036 36 0 2,388 1,866 0 13,153 0 0 0 1,213 18,621 4,215 28,623 0 32,838 ‐14,217 ‐14,217
1966 675 1,052 14 0 1,741 5,480 0 10,959 0 28 0 1,055 19,263 4,916 18,927 0 23,843 ‐4,580 ‐18,797
1967 492 933 0 0 1,425 3,474 0 15,683 0 0 0 960 21,542 3,287 19,147 0 22,434 ‐891 ‐19,688
1968 298 1,035 0 0 1,334 3,086 0 17,753 0 0 0 871 23,043 4,727 22,247 0 26,974 ‐3,932 ‐23,620
1969 1,771 888 248 5 2,911 32,480 0 11,120 0 2,092 0 870 49,473 2,315 14,375 0 16,689 32,784 9,164
1970 499 1,101 1 10 1,611 3,903 0 6,711 0 0 0 1,037 13,262 2,792 21,968 0 24,760 ‐11,497 ‐2,334
1971 355 1,161 2 14 1,532 3,431 0 12,894 0 0 0 1,231 19,088 3,281 21,294 0 24,575 ‐5,487 ‐7,821
1972 174 946 2 20 1,142 3,004 0 13,983 0 0 0 1,359 19,488 3,250 22,008 0 25,258 ‐5,770 ‐13,591
1973 428 709 3 25 1,165 5,574 0 15,110 0 0 0 1,515 23,365 1,434 20,017 0 21,451 1,914 ‐11,677
1974 511 809 4 30 1,354 4,705 0 16,841 0 0 0 1,712 24,612 2,584 20,452 0 23,036 1,576 ‐10,101
1975 223 678 1 33 935 2,769 0 16,089 0 0 0 1,715 21,509 4,680 19,885 0 24,566 ‐3,057 ‐13,159
1976 387 741 8 35 1,171 3,187 0 16,753 0 0 0 1,779 22,890 3,714 20,211 0 23,924 ‐1,034 ‐14,193
1977 426 644 8 37 1,116 3,157 0 21,248 0 0 0 1,763 27,284 3,483 20,862 0 24,345 2,940 ‐11,253
1978 1,269 413 409 95 2,187 16,626 0 14,321 0 2,345 0 1,845 37,323 2,111 13,877 0 15,988 21,335 10,082
1979 514 497 61 69 1,141 6,605 0 13,329 0 7 0 4,518 25,599 3,837 18,269 0 22,105 3,494 13,576
1980 981 501 415 99 1,997 22,927 0 9,012 0 1,099 0 1,162 36,196 1,563 17,914 0 19,477 16,720 30,295
1981 152 445 5 63 665 3,867 0 12,400 0 0 0 5,091 22,021 1,307 25,360 0 26,667 ‐4,646 25,649
1982 424 257 122 90 893 6,732 0 15,270 0 0 0 6,574 29,470 2,546 22,629 0 25,175 4,295 29,945
1983 636 223 279 126 1,264 23,815 0 14,354 0 84 0 7,620 47,137 1,476 23,447 0 24,923 22,214 52,158
1984 191 345 11 84 630 5,457 0 14,131 0 0 0 8,076 28,294 2,919 30,747 0 33,665 ‐5,372 46,787
1985 68 218 6 82 374 5,302 0 18,194 0 0 0 7,989 31,858 4,384 29,643 0 34,027 ‐2,169 44,618
1986 136 179 11 84 410 7,760 0 21,011 0 0 0 6,881 36,062 4,103 28,400 0 32,502 3,559 48,177
1987 61 123 7 86 277 4,727 0 21,447 0 0 0 6,191 32,642 4,726 29,738 0 34,464 ‐1,822 46,355
1988 67 85 9 95 255 4,466 0 22,900 0 0 0 5,139 32,759 5,490 29,156 0 34,647 ‐1,887 44,468
1989 16 54 5 99 173 4,101 0 21,988 0 0 0 3,911 30,173 4,413 29,466 0 33,879 ‐3,706 40,762
1990 3 5 6 104 118 3,982 0 20,845 0 0 0 3,475 28,420 3,776 29,209 0 32,984 ‐4,564 36,198
1991 172 8 299 188 667 5,821 0 19,528 0 0 0 2,487 28,503 4,948 27,757 0 32,706 ‐4,203 31,995
1992 56 5 70 121 252 7,150 0 17,591 0 0 0 2,013 27,006 5,766 24,020 0 29,787 ‐2,781 29,214
1993 412 4 825 102 1,343 17,240 0 15,524 0 478 0 2,093 36,677 5,330 22,401 0 27,731 8,946 38,160
1994 24 4 11 102 141 3,944 0 17,645 0 0 0 1,827 23,557 6,029 24,884 0 30,913 ‐7,356 30,804
1995 246 4 489 118 858 13,450 0 16,532 0 197 0 1,954 32,991 5,367 22,459 0 27,826 5,165 35,969
1996 5 3 11 110 129 3,753 0 18,037 34 0 0 2,135 24,088 6,175 25,726 367 32,269 ‐8,181 27,788
1997 24 4 20 104 153 2,893 0 20,530 202 0 0 2,144 25,921 4,923 25,919 727 31,569 ‐5,649 22,139
1998 273 2 671 96 1,042 10,839 0 21,155 425 205 ‐19 2,410 36,057 3,126 21,874 882 25,881 10,175 32,315
1999 2 3 4 99 108 2,082 0 21,352 623 0 0 2,437 26,601 4,131 28,399 1,457 33,987 ‐7,386 24,929
2000 3 3 11 106 124 1,829 0 24,234 921 0 0 2,378 29,486 4,903 28,949 1,644 35,496 ‐6,010 18,919
2001 30 2 15 104 151 1,630 0 21,544 1,167 0 0 2,138 26,629 4,156 27,218 1,926 33,300 ‐6,670 12,249
2002 1 2 6 108 117 1,006 0 19,587 1,269 0 0 1,827 23,806 4,038 26,843 1,199 32,079 ‐8,273 3,975
2003 84 2 116 156 359 2,299 0 17,697 1,187 0 0 1,438 22,979 4,545 22,927 1,043 28,516 ‐5,537 ‐1,562
2004 19 7 183 166 375 3,918 0 21,468 1,115 0 0 1,129 28,006 4,594 22,164 817 27,576 430 ‐1,132
2005 226 1 705 93 1,025 16,057 0 19,158 962 1,852 102 895 40,051 3,946 17,393 216 21,554 18,497 17,366
2006 0 1 2 99 102 4,133 0 14,842 798 1 0 765 20,641 4,234 23,677 828 28,738 ‐8,098 9,268
2007 1 1 6 104 112 1,765 0 13,703 819 0 0 775 17,174 4,667 21,723 921 27,312 ‐10,138 ‐870

90‐07 Avg 88 3 192 116 399 5,766 0 18,943 529 152 5 1,907 27,700 4,703 24,641 668 30,012 ‐2,313
96‐07 Avg 56 3 146 112 316 4,350 0 19,442 793 171 7 1,706 26,787 4,453 24,401 1,002 29,856 ‐3,070
65‐07 Avg 317 352 119 78 867 6,797 0 16,922 221 195 2 2,707 27,711 3,912 23,540 280 27,731 ‐20

[source: Calibrated RAGFM Model]

Santa Ana River Loss to 
Groundwater

(from streamflows except 
RIX discharge to SAR)

Santa Ana River Loss to 
Groundwater (from RIX 

discharge to SAR)

Underflow from 
Rialto Basin 
(with No RIX 
conditions)

Underflow from 
Rialto Basin (due to 

RIX operation)

Underflow from 
Riverside North Basin 

(with No RIX conditions)
Total Inflow GW Extraction

Underflow to 
Riverside North Basin 

(with No RIX 
conditions)

Change in Underflow to 
Riverside North Basin 
(due to RIX operation)

Total Outflow
Cumulative 

Storage Change
Year

INFLOW OUTFLOW

Storage ChangeTotal Deep 
Percolation

Estimated Deep Percolation

Change in Underflow 
from Riverside North 
Basin (due to RIX 

operation)

Underflow 
from Bunker 
Hill Basin
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Table 9 ‐ Annual Groundwater Budget for Riverside North Basin (acre‐feet/yr)

Ag Areas ‐ Rain
Ag Areas ‐ Applied 

Water
Urban Areas ‐ Rain

Urban Areas ‐ Applied 
Water

Column No. a  b c d 1 = a+b+c+d 2 3a 3b 4 5a 5b 6a 6b 7 8a 8b 9 10 11a 11b 12a 12b 13 14 15 16

1965 3,129 1,925 73 0 5,126 362 8,535 0 0 28,623 0 5,710 0 48,357 0 0 30,484 0 0 0 20,459 0 1,912 52,854 ‐4,498 ‐4,498
1966 1,566 1,962 21 0 3,549 226 17,145 0 0 18,927 0 3,355 0 43,202 0 0 27,175 0 28 0 16,472 0 1,851 45,526 ‐2,324 ‐6,822
1967 1,006 1,699 0 0 2,705 174 14,591 0 0 19,147 0 2,191 0 38,808 0 0 27,629 0 0 0 16,320 0 1,871 45,820 ‐7,012 ‐13,834
1968 616 1,889 0 0 2,504 156 13,254 0 0 22,247 0 2,721 0 40,882 0 0 35,351 0 0 0 13,249 0 1,815 50,415 ‐9,533 ‐23,366
1969 5,125 1,703 610 10 7,447 559 85,623 0 0 14,375 0 2,109 0 110,113 42 0 26,694 0 2,092 0 31,925 0 2,077 62,830 47,283 23,916
1970 1,023 2,069 2 21 3,116 192 16,412 0 0 21,968 0 1,763 0 43,452 0 0 26,141 0 0 0 24,227 0 2,401 52,769 ‐9,317 14,600
1971 736 2,221 4 29 2,989 183 15,000 0 0 21,294 0 2,441 0 41,907 0 0 28,014 0 0 0 20,618 0 2,342 50,975 ‐9,068 5,532
1972 371 1,854 4 42 2,271 136 13,393 0 0 22,008 0 2,361 0 40,170 0 0 27,081 0 0 0 20,924 0 2,180 50,185 ‐10,015 ‐4,482
1973 1,302 1,418 8 54 2,782 196 22,851 0 0 20,017 0 1,568 0 47,414 0 0 20,970 0 0 0 21,576 0 2,185 44,731 2,683 ‐1,800
1974 1,118 1,657 9 62 2,845 169 19,682 0 0 20,452 0 2,022 0 45,172 0 0 21,256 0 0 0 22,958 0 2,205 46,419 ‐1,247 ‐3,047
1975 489 1,402 3 71 1,966 112 17,639 0 0 19,885 0 1,900 0 41,503 0 0 21,776 0 0 0 21,224 0 2,166 45,165 ‐3,663 ‐6,709
1976 885 1,554 18 81 2,539 142 20,107 0 0 20,211 0 1,905 0 44,903 0 0 23,434 0 0 0 20,989 0 2,160 46,584 ‐1,681 ‐8,390
1977 977 1,371 16 85 2,449 133 20,171 0 0 20,862 0 1,842 0 45,456 0 0 22,309 0 0 0 21,128 0 2,182 45,618 ‐162 ‐8,552
1978 3,948 968 973 227 6,116 493 68,937 0 0 13,877 0 1,205 0 90,628 40 0 15,767 0 2,345 0 33,758 0 2,468 54,379 36,249 27,697
1979 1,729 1,203 144 157 3,233 242 33,594 0 0 18,269 0 1,469 0 56,807 18 0 17,442 0 7 0 32,431 0 2,819 52,717 4,090 31,787
1980 3,193 1,234 970 232 5,628 422 59,255 0 0 17,914 0 2,227 0 85,446 2,953 0 18,065 0 1,099 0 41,628 0 3,042 66,787 18,658 50,446
1981 394 1,132 11 141 1,678 80 23,943 0 0 25,360 0 3,833 0 54,894 224 0 23,238 0 0 0 35,881 0 3,083 62,426 ‐7,532 42,914
1982 1,366 727 275 213 2,581 167 35,133 0 0 22,629 0 3,837 0 64,348 470 0 16,981 0 0 0 36,068 0 3,134 56,653 7,695 50,609
1983 2,231 655 627 306 3,820 276 53,877 0 0 23,447 0 3,214 0 84,633 8,361 0 11,558 0 84 0 44,247 0 3,323 67,572 17,061 67,670
1984 646 1,086 27 194 1,954 99 25,912 0 0 30,747 0 4,898 0 63,610 4,573 0 16,834 0 0 0 43,937 0 3,384 68,728 ‐5,119 62,551
1985 224 766 13 194 1,197 45 27,178 0 0 29,643 0 4,199 0 62,262 2,612 0 19,073 0 0 0 40,491 0 3,437 65,613 ‐3,350 59,201
1986 540 736 29 204 1,509 76 31,539 0 0 28,400 0 4,311 0 65,835 3,369 0 17,031 0 0 0 41,039 0 3,449 64,888 946 60,147
1987 264 603 17 210 1,093 35 25,767 0 0 29,738 0 4,130 0 60,763 2,074 0 15,564 0 0 0 41,286 0 3,423 62,348 ‐1,585 58,562
1988 361 569 20 242 1,192 34 25,355 0 0 29,156 0 4,416 0 60,154 1,556 0 16,635 0 0 0 40,126 0 3,420 61,737 ‐1,584 56,978
1989 109 606 12 256 982 23 24,761 0 0 29,466 0 4,464 0 59,695 984 0 25,290 0 0 0 37,426 0 3,395 67,095 ‐7,400 49,578
1990 156 487 15 277 935 17 25,124 0 0 29,209 0 4,106 0 59,391 373 0 26,129 0 0 0 34,725 0 3,333 64,560 ‐5,170 44,409
1991 1,053 530 681 540 2,804 154 30,112 0 0 27,757 0 3,995 0 64,823 488 0 28,035 0 0 0 34,542 0 3,335 66,400 ‐1,578 42,831
1992 585 374 180 436 1,575 59 34,730 0 0 24,020 0 3,782 0 64,166 613 0 21,979 0 0 0 36,113 0 3,316 62,022 2,145 44,976
1993 2,387 314 1,989 453 5,143 372 48,083 0 0 22,401 0 3,821 0 79,820 4,291 0 21,916 0 478 0 41,334 0 3,431 71,449 8,370 53,346
1994 246 333 45 435 1,059 33 24,199 0 0 24,884 0 3,971 0 54,145 798 0 19,708 0 0 0 36,390 0 3,387 60,283 ‐6,139 47,207
1995 1,626 292 1,148 442 3,508 241 41,966 0 0 22,459 0 4,077 0 72,250 2,870 0 23,917 0 197 0 37,388 0 3,429 67,801 4,449 51,657
1996 179 315 37 410 942 22 19,031 4,705 25,728 25,726 367 4,395 ‐366 80,551 527 ‐26 21,304 31,082 0 0 33,543 448 3,351 90,229 ‐9,678 41,979
1997 320 347 67 362 1,097 40 15,521 6,974 35,094 25,919 727 4,464 ‐703 89,133 54 ‐54 20,571 44,820 0 0 32,751 ‐153 3,242 101,232 ‐12,099 29,880
1998 1,878 217 1,559 316 3,970 306 43,937 11,208 34,644 21,874 882 3,931 ‐729 120,023 972 ‐889 19,106 48,708 205 ‐19 38,532 ‐1,085 3,255 108,786 11,237 41,117
1999 111 309 11 304 735 27 14,556 7,498 34,940 28,399 1,457 4,393 ‐935 91,071 0 0 22,400 48,041 0 0 33,138 ‐2,114 3,187 104,651 ‐13,580 27,537
2000 124 313 29 294 760 33 13,414 7,257 34,326 28,949 1,644 3,907 ‐1,102 89,188 0 0 23,036 47,227 0 0 30,385 ‐3,048 3,043 100,643 ‐11,456 16,082
2001 344 243 40 264 891 59 12,560 7,087 29,416 27,218 1,926 3,597 ‐1,242 81,513 0 0 18,972 41,637 0 0 28,986 ‐4,285 2,908 88,219 ‐6,706 9,376
2002 103 341 12 268 725 34 8,994 6,772 30,486 26,843 1,199 4,145 ‐1,294 77,903 0 0 20,538 38,269 0 0 26,048 ‐3,407 2,752 84,199 ‐6,297 3,079
2003 752 247 250 383 1,633 102 16,185 6,977 28,674 22,927 1,043 3,937 ‐1,160 80,318 0 0 18,206 38,559 0 0 26,592 ‐3,193 2,748 82,912 ‐2,594 484
2004 387 269 372 392 1,420 68 21,948 6,814 30,291 22,164 817 3,685 ‐1,195 86,013 0 0 17,049 38,067 0 0 28,080 ‐2,857 2,696 83,035 2,977 3,462
2005 1,766 210 1,627 231 3,834 330 62,899 10,044 26,350 17,393 216 3,077 ‐586 123,556 572 ‐553 19,516 36,091 1,852 102 39,617 ‐808 2,924 99,313 24,243 27,705
2006 59 223 5 252 538 23 22,672 7,453 27,945 23,677 828 4,104 ‐932 86,308 43 ‐43 22,350 38,220 1 0 33,959 ‐1,668 3,019 95,882 ‐9,574 18,131
2007 81 276 13 256 626 26 13,125 6,734 28,124 21,723 921 4,412 ‐1,072 74,619 0 0 20,088 35,802 0 0 28,934 ‐2,152 2,868 85,540 ‐10,921 7,210

90‐07 Avg 675 313 449 351 1,789 108 26,059 4,973 20,334 24,641 668 3,989 ‐629 81,933 645 ‐87 21,379 27,029 152 5 33,392 ‐1,351 3,124 84,286 ‐2,354
96‐07 Avg 509 276 335 311 1,431 89 22,070 7,460 30,501 24,401 1,002 4,004 ‐943 90,016 181 ‐130 20,261 40,544 171 7 31,714 ‐2,027 2,999 93,720 ‐3,704
65‐07 Avg 1,058 899 278 217 2,453 155 27,644 2,082 8,512 23,540 280 3,393 ‐263 67,795 904 ‐36 21,782 11,314 195 2 31,196 ‐566 2,836 67,628 168

[source: Calibrated RAGFM Model]

Year

INFLOW OUTFLOW

Storage Change

Estimated Deep Percolation

Total Deep 
Percolation

Natural Recharge at Basin 
Boundary and Streambed 

Recharge

Santa Ana River Loss to 
Groundwater

(from streamflows except RIX 
discharge to SAR)

Change in 
Underflow from 
Riverside South 

Basin 
(due to RIX 
operation)

Total Inflow

Santa Ana River 
Gain from 

Groundwater
(with no RIX 
conditions)

Change in Santa Ana 
River Gain from 
Groundwater

(due to RIX operation)

RIX Extraction Well 
Production

Underflow to 
Rialto Colton Basin

(with No RIX 
conditions)

Change in 
Underflow to 
Rialto Colton 

Basin
(due to RIX 
operation)

Underflow to 
Riverside South 

Basin 
(with No RIX 
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Change in 
Undeerflow from 
Rialto Colton Basin

(due to RIX 
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Underflow from 
Riverside South 

Basin 
(with no RIX 
conditions)

GW Extraction
(Other than RIX)

Change in Underflow 
to Riverside South 

Basin 
(due to RIX 
operation)

Santa Ana River Loss to 
Groundwater (from RIX 

discharge to SAR)
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Storage ChangeRIX Percolation 

Basin Feed

Underflow from 
Rialto Colton Basin

(with no RIX 
conditions)

Underflow to 
Chino Basin

Total Outflow
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Table 10 ‐ Annual Groundwater Budget for Riverside South Basin (acre‐feet/yr)

Ag Areas ‐ Rain
Ag Areas ‐ Applied 

Water
Urban Areas ‐ Rain

Urban Areas ‐ 
Applied Water

Column No. a  b c d 1 = a+b+c+d 2 3a 3b 4 5a 5b 6 7a 7b 8 9 10a 10b 11 12 13

1965 4,661 2,790 106 0 7,557 6,835 10,609 0 627 20,459 0 46,087 12,679 0 27,355 430 5,710 0 46,173 ‐86 ‐86
1966 2,220 3,074 22 0 5,316 4,570 13,527 0 467 16,472 0 40,351 14,139 0 26,852 431 3,355 0 44,777 ‐4,426 ‐4,513
1967 1,774 2,549 0 0 4,324 3,707 15,516 0 393 16,320 0 40,259 16,552 0 25,873 472 2,191 0 45,088 ‐4,829 ‐9,342
1968 1,096 2,896 0 0 3,992 3,480 15,605 0 453 13,249 0 36,779 15,411 0 26,888 491 2,721 0 45,511 ‐8,731 ‐18,073
1969 6,656 2,591 684 48 9,979 10,381 28,605 0 806 31,925 0 81,697 28,119 0 26,074 474 2,109 0 56,775 24,922 6,849
1970 1,781 3,121 12 103 5,018 4,109 15,379 0 827 24,227 0 49,559 19,021 0 31,693 373 1,763 0 52,851 ‐3,292 3,557
1971 1,293 3,436 18 141 4,889 3,926 15,505 0 809 20,618 0 45,748 18,048 0 30,051 408 2,441 0 50,947 ‐5,199 ‐1,642
1972 659 2,882 19 203 3,762 3,158 15,825 0 802 20,924 0 44,471 16,086 0 37,280 425 2,361 0 56,152 ‐11,681 ‐13,322
1973 1,697 2,179 26 243 4,146 4,320 20,591 0 818 21,576 0 51,451 17,890 0 32,489 447 1,568 0 52,395 ‐944 ‐14,266
1974 1,734 2,558 38 289 4,618 3,918 19,282 0 792 22,958 0 51,567 17,670 0 37,701 453 2,022 0 57,847 ‐6,279 ‐20,546
1975 869 2,118 14 322 3,323 2,939 17,708 0 816 21,224 0 46,010 17,791 0 27,928 399 1,900 0 48,018 ‐2,008 ‐22,553
1976 1,475 2,320 76 339 4,210 3,593 19,460 0 816 20,989 0 49,069 18,085 0 31,568 351 1,905 0 51,909 ‐2,841 ‐25,394
1977 1,667 1,996 67 356 4,087 3,571 19,222 0 791 21,128 0 48,798 18,119 0 27,930 356 1,842 0 48,247 552 ‐24,842
1978 5,592 1,388 1,194 554 8,728 10,056 26,531 0 982 33,758 0 80,054 28,466 0 24,017 510 1,205 0 54,198 25,856 1,014
1979 2,283 1,779 218 527 4,807 5,539 18,683 0 1,002 32,431 0 62,461 29,450 0 25,415 525 1,469 0 56,860 5,601 6,615
1980 4,455 1,884 1,147 668 8,154 8,861 21,145 0 1,296 41,628 0 81,083 36,559 0 30,004 423 2,227 0 69,212 11,872 18,487
1981 698 1,650 44 580 2,973 2,704 17,072 0 1,116 35,881 0 59,746 30,073 0 29,568 374 3,833 0 63,849 ‐4,103 14,384
1982 1,979 1,015 387 629 4,011 4,491 18,902 0 1,082 36,068 0 64,554 33,207 0 19,701 273 3,837 0 57,018 7,535 21,920
1983 3,159 903 874 673 5,608 6,873 21,069 0 1,157 44,247 0 78,954 42,273 0 22,788 251 3,214 0 68,526 10,428 32,348
1984 956 1,641 92 751 3,440 3,241 16,851 0 1,084 43,937 0 68,553 36,453 0 31,634 261 4,898 0 73,247 ‐4,694 27,654
1985 384 1,141 49 728 2,302 2,153 16,688 0 1,050 40,491 0 62,684 36,028 0 23,120 253 4,199 0 63,601 ‐917 26,737
1986 768 1,072 94 734 2,669 2,976 17,099 0 1,031 41,039 0 64,814 38,024 0 23,645 246 4,311 0 66,225 ‐1,411 25,326
1987 434 912 59 746 2,151 2,194 16,094 0 968 41,286 0 62,694 36,248 0 23,345 243 4,130 0 63,966 ‐1,272 24,053
1988 603 871 70 819 2,363 2,282 16,166 0 913 40,126 0 61,850 36,164 0 23,603 239 4,416 0 64,422 ‐2,572 21,481
1989 186 956 35 845 2,023 1,900 18,012 0 853 37,426 0 60,213 32,517 0 33,768 233 4,464 0 70,982 ‐10,769 10,712
1990 254 793 46 879 1,971 1,938 18,318 0 819 34,725 0 57,770 30,368 0 30,923 226 4,106 0 65,622 ‐7,852 2,860
1991 1,547 865 843 1,262 4,517 4,901 18,512 0 867 34,542 0 63,339 30,775 0 28,572 222 3,995 0 63,564 ‐225 2,635
1992 873 665 390 1,264 3,192 3,241 19,587 0 862 36,113 0 62,995 31,519 0 25,663 224 3,782 0 61,188 1,806 4,441
1993 3,239 581 2,399 1,363 7,582 9,145 19,671 0 1,096 41,334 0 78,826 37,375 0 25,689 239 3,821 0 67,124 11,702 16,143
1994 388 635 138 1,369 2,529 2,311 16,586 0 1,040 36,390 0 58,857 32,254 0 27,229 258 3,971 0 63,712 ‐4,855 11,288
1995 2,199 565 1,491 1,364 5,618 6,551 18,462 0 1,106 37,388 0 69,127 37,145 0 21,608 253 4,077 0 63,083 6,044 17,332
1996 353 589 138 1,483 2,564 2,149 13,168 3,928 1,020 33,543 448 56,820 30,829 3,101 23,326 265 4,395 ‐366 61,550 ‐4,730 12,602
1997 513 670 250 1,412 2,845 2,609 12,044 6,134 965 32,751 ‐153 57,195 26,849 5,156 27,800 261 4,464 ‐703 63,826 ‐6,631 5,971
1998 2,571 406 1,928 1,277 6,182 7,665 19,647 2,893 1,048 38,532 ‐1,085 74,883 32,402 2,868 27,683 259 3,931 ‐729 66,414 8,469 14,440
1999 225 637 51 1,353 2,265 1,877 14,112 6,702 937 33,138 ‐2,114 56,916 25,653 4,823 32,765 285 4,393 ‐935 66,986 ‐10,070 4,370
2000 240 627 139 1,453 2,459 1,974 13,616 7,420 847 30,385 ‐3,048 53,653 23,181 4,775 30,759 309 3,907 ‐1,102 61,828 ‐8,175 ‐3,804
2001 509 458 181 1,426 2,574 2,603 14,024 7,632 798 28,986 ‐4,285 52,332 21,122 4,578 32,148 304 3,597 ‐1,242 60,508 ‐8,176 ‐11,980
2002 225 696 79 1,484 2,484 1,911 12,740 8,546 711 26,048 ‐3,407 49,033 18,072 4,905 29,377 313 4,145 ‐1,294 55,518 ‐6,485 ‐18,465
2003 935 453 424 1,518 3,329 3,601 16,112 7,353 718 26,592 ‐3,193 54,512 19,728 4,562 29,408 329 3,937 ‐1,160 56,804 ‐2,292 ‐20,757
2004 641 500 730 1,637 3,508 3,088 19,148 7,018 675 28,080 ‐2,857 58,661 19,197 4,442 34,833 354 3,685 ‐1,195 61,316 ‐2,655 ‐23,412
2005 2,435 400 2,083 1,334 6,252 7,635 25,241 2,385 771 39,617 ‐808 81,093 30,027 2,802 31,689 389 3,077 ‐586 67,398 13,695 ‐9,716
2006 152 459 22 1,405 2,037 1,739 17,344 5,984 690 33,959 ‐1,668 60,085 23,760 4,663 29,838 414 4,104 ‐932 61,847 ‐1,762 ‐11,479
2007 194 571 80 1,475 2,321 1,835 15,392 7,449 646 28,934 ‐2,152 54,426 19,738 5,317 37,031 440 4,412 ‐1,072 65,867 ‐11,441 ‐22,919

90‐07 Avg 972 587 634 1,375 3,568 3,710 16,873 4,080 868 33,392 ‐1,351 61,140 27,222 2,888 29,241 297 3,989 ‐629 63,009 ‐1,868
96‐07 Avg 749 539 509 1,438 3,235 3,224 16,049 6,120 819 31,714 ‐2,027 59,134 24,213 4,333 30,555 327 4,004 ‐943 62,488 ‐3,354
65‐07 Avg 1,548 1,402 390 815 4,155 4,152 17,555 1,708 869 31,196 ‐566 59,070 26,397 1,209 28,526 342 3,393 ‐263 59,603 ‐533

[source: Calibrated RAGFM Model]
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Table 11 ‐ Annual Groundwater Budget for Riverside North and Riverside South Basins (acre‐feet/yr)

Ag Areas ‐ Rain
Ag Areas ‐ Applied 

Water
Urban Areas ‐ Rain

Urban Areas ‐ Applied 
Water

Column No. a  b c d 1 = a+b+c+d 2 3a 3b 4 5 6a 6b 7 8a 8b 9 10 11 12a 12b 13 14 15 16

1965 7,790 4,715 178 0 12,683 7,197 19,144 0 0 627 28,623 0 68,275 12,679 0 57,839 0 430 0 0 1,912 72,858 ‐4,584 ‐4,584
1966 3,786 5,035 43 0 8,865 4,796 30,672 0 0 467 18,927 0 63,726 14,139 0 54,027 0 431 28 0 1,851 70,476 ‐6,750 ‐11,334
1967 2,780 4,248 0 0 7,028 3,881 30,107 0 0 393 19,147 0 60,556 16,552 0 53,502 0 472 0 0 1,871 72,397 ‐11,841 ‐23,175
1968 1,711 4,785 0 0 6,496 3,636 28,859 0 0 453 22,247 0 61,691 15,411 0 62,239 0 491 0 0 1,815 79,955 ‐18,264 ‐41,439
1969 11,781 4,294 1,294 58 17,427 10,941 114,228 0 0 806 14,375 0 157,776 28,161 0 52,768 0 474 2,092 0 2,077 85,572 72,205 30,765
1970 2,805 5,191 14 124 8,134 4,302 31,791 0 0 827 21,968 0 67,022 19,021 0 57,835 0 373 0 0 2,401 79,630 ‐12,608 18,157
1971 2,029 5,657 22 170 7,878 4,109 30,505 0 0 809 21,294 0 64,596 18,048 0 58,065 0 408 0 0 2,342 78,863 ‐14,267 3,890
1972 1,029 4,736 23 245 6,034 3,294 29,218 0 0 802 22,008 0 61,356 16,086 0 64,361 0 425 0 0 2,180 83,051 ‐21,695 ‐17,805
1973 2,999 3,597 34 297 6,927 4,516 43,443 0 0 818 20,017 0 75,720 17,890 0 53,459 0 447 0 0 2,185 73,981 1,739 ‐16,066
1974 2,852 4,215 46 350 7,463 4,087 38,964 0 0 792 20,452 0 71,758 17,670 0 58,956 0 453 0 0 2,205 79,285 ‐7,527 ‐23,592
1975 1,358 3,520 17 393 5,289 3,051 35,346 0 0 816 19,885 0 64,389 17,791 0 49,703 0 399 0 0 2,166 70,059 ‐5,671 ‐29,263
1976 2,360 3,874 94 420 6,749 3,735 39,567 0 0 816 20,211 0 71,078 18,085 0 55,003 0 351 0 0 2,160 75,599 ‐4,522 ‐33,784
1977 2,644 3,367 83 441 6,536 3,704 39,393 0 0 791 20,862 0 71,285 18,119 0 50,238 0 356 0 0 2,182 70,895 390 ‐33,394
1978 9,540 2,356 2,167 781 14,844 10,548 95,468 0 0 982 13,877 0 135,719 28,506 0 39,785 0 510 2,345 0 2,468 73,613 62,106 28,711
1979 4,011 2,982 362 684 8,039 5,781 52,277 0 0 1,002 18,269 0 85,367 29,467 0 42,857 0 525 7 0 2,819 75,676 9,691 38,403
1980 7,648 3,117 2,117 901 13,782 9,283 80,400 0 0 1,296 17,914 0 122,674 39,512 0 48,069 0 423 1,099 0 3,042 92,144 30,530 68,933
1981 1,092 2,782 55 721 4,650 2,784 41,015 0 0 1,116 25,360 0 74,926 30,297 0 52,806 0 374 0 0 3,083 86,561 ‐11,635 57,298
1982 3,345 1,743 663 842 6,593 4,658 54,035 0 0 1,082 22,629 0 88,996 33,677 0 36,682 0 273 0 0 3,134 73,766 15,230 72,529
1983 5,390 1,558 1,500 980 9,428 7,149 74,946 0 0 1,157 23,447 0 116,127 50,633 0 34,346 0 251 84 0 3,323 88,638 27,489 100,018
1984 1,602 2,728 119 945 5,394 3,340 42,764 0 0 1,084 30,747 0 83,328 41,026 0 48,469 0 261 0 0 3,384 93,141 ‐9,813 90,205
1985 608 1,906 62 922 3,499 2,198 43,866 0 0 1,050 29,643 0 80,256 38,640 0 42,193 0 253 0 0 3,437 84,524 ‐4,267 85,938
1986 1,309 1,808 123 938 4,178 3,053 48,638 0 0 1,031 28,400 0 85,299 41,392 0 40,676 0 246 0 0 3,449 85,764 ‐465 85,473
1987 697 1,515 76 956 3,244 2,228 41,861 0 0 968 29,738 0 78,040 38,322 0 38,910 0 243 0 0 3,423 80,898 ‐2,858 82,615
1988 963 1,440 90 1,061 3,555 2,316 41,521 0 0 913 29,156 0 77,462 37,720 0 40,239 0 239 0 0 3,420 81,618 ‐4,156 78,459
1989 295 1,562 47 1,101 3,005 1,923 42,773 0 0 853 29,466 0 78,019 33,501 0 59,058 0 233 0 0 3,395 96,188 ‐18,168 60,291
1990 410 1,280 61 1,155 2,906 1,955 43,442 0 0 819 29,209 0 78,330 30,741 0 57,052 0 226 0 0 3,333 91,352 ‐13,022 47,269
1991 2,601 1,395 1,524 1,802 7,321 5,055 48,624 0 0 867 27,757 0 89,624 31,263 0 56,607 0 222 0 0 3,335 91,427 ‐1,803 45,466
1992 1,458 1,039 570 1,700 4,767 3,300 54,317 0 0 862 24,020 0 87,265 32,133 0 47,642 0 224 0 0 3,316 83,314 3,951 49,417
1993 5,627 895 4,387 1,816 12,725 9,516 67,753 0 0 1,096 22,401 0 113,491 41,666 0 47,605 0 239 478 0 3,431 93,419 20,072 69,489
1994 634 968 182 1,804 3,588 2,343 40,785 0 0 1,040 24,884 0 72,640 33,052 0 46,937 0 258 0 0 3,387 83,634 ‐10,994 58,495
1995 3,824 858 2,639 1,806 9,126 6,792 60,428 0 0 1,106 22,459 0 99,912 40,015 0 45,525 0 253 197 0 3,429 89,418 10,494 68,989
1996 533 905 176 1,893 3,506 2,172 32,199 8,633 25,728 1,020 25,726 367 99,351 31,355 3,075 44,630 31,082 265 0 0 3,351 113,758 ‐14,408 54,581
1997 833 1,018 317 1,775 3,942 2,649 27,565 13,107 35,094 965 25,919 727 109,969 26,903 5,102 48,371 44,820 261 0 0 3,242 128,699 ‐18,730 35,851
1998 4,448 624 3,487 1,593 10,152 7,971 63,584 14,101 34,644 1,048 21,874 882 154,255 33,373 1,979 46,789 48,708 259 205 ‐19 3,255 134,549 19,706 55,557
1999 335 946 62 1,657 3,000 1,904 28,668 14,200 34,940 937 28,399 1,457 113,505 25,653 4,823 55,165 48,041 285 0 0 3,187 137,154 ‐23,650 31,908
2000 364 940 168 1,747 3,219 2,008 27,031 14,676 34,326 847 28,949 1,644 112,699 23,181 4,775 53,794 47,227 309 0 0 3,043 132,329 ‐19,630 12,277
2001 853 701 221 1,691 3,466 2,662 26,583 14,718 29,416 798 27,218 1,926 106,788 21,122 4,578 51,120 41,637 304 0 0 2,908 121,670 ‐14,882 ‐2,605
2002 328 1,038 92 1,751 3,209 1,945 21,734 15,318 30,486 711 26,843 1,199 101,444 18,072 4,905 49,915 38,269 313 0 0 2,752 114,226 ‐12,781 ‐15,386
2003 1,687 700 674 1,901 4,961 3,703 32,297 14,330 28,674 718 22,927 1,043 108,654 19,728 4,562 47,614 38,559 329 0 0 2,748 113,540 ‐4,886 ‐20,272
2004 1,028 769 1,103 2,029 4,929 3,156 41,096 13,832 30,291 675 22,164 817 116,960 19,197 4,442 51,882 38,067 354 0 0 2,696 116,638 323 ‐19,950
2005 4,201 610 3,711 1,565 10,086 7,965 88,140 12,429 26,350 771 17,393 216 163,350 30,599 2,249 51,206 36,091 389 1,852 102 2,924 125,411 37,938 17,988
2006 211 681 26 1,657 2,575 1,762 40,015 13,437 27,945 690 23,677 828 110,929 23,803 4,620 52,188 38,220 414 1 0 3,019 122,266 ‐11,336 6,652
2007 275 847 93 1,732 2,947 1,861 28,517 14,183 28,124 646 21,723 921 98,923 19,738 5,317 57,119 35,802 440 0 0 2,868 121,284 ‐22,362 ‐15,709

90‐07 Avg 1,647 901 1,083 1,726 5,357 3,818 42,932 9,054 20,334 868 24,641 668 107,672 27,866 2,801 50,620 27,029 297 152 5 3,124 111,894 ‐4,222
96‐07 Avg 1,258 815 844 1,749 4,666 3,313 38,119 13,580 30,501 819 24,401 1,002 116,402 24,394 4,202 50,816 40,544 327 171 7 2,999 123,460 ‐7,058
65‐07 Avg 2,606 2,301 668 1,033 6,608 4,308 45,199 3,790 8,512 869 23,540 280 93,105 27,301 1,173 50,308 11,314 342 195 2 2,836 93,471 ‐365

[source: Calibrated RAGFM Model]
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Table 12 ‐ Annual Groundwater Budget for Arlington Basin (acre‐feet/yr)

Ag Areas ‐ Rain
Ag Areas ‐ Applied 

Water
Urban Areas ‐ Rain

Urban Areas ‐ 
Applied Water

Column No. a  b c d 1 = a+b+c+d 2 3 4 5 6 7 8 9 10 11 12 13

1965 1,854 1,852 47 0 3,753 9,778 0 430 13,961 9,063 0 2,454 271 627 12,414 1,547 1,547
1966 949 1,807 7 0 2,763 7,056 0 431 10,250 9,670 0 2,835 366 467 13,337 ‐3,087 ‐1,540
1967 737 1,640 0 0 2,377 5,991 0 472 8,840 7,623 0 2,680 443 393 11,139 ‐2,299 ‐3,839
1968 404 1,810 0 0 2,214 5,681 0 491 8,386 8,077 0 2,537 443 453 11,510 ‐3,124 ‐6,963
1969 2,247 1,580 330 3 4,160 12,640 0 474 17,274 8,789 0 2,121 514 806 12,230 5,044 ‐1,919
1970 749 1,978 1 7 2,735 6,803 0 373 9,911 8,928 0 1,827 486 827 12,068 ‐2,157 ‐4,076
1971 551 2,105 1 10 2,667 6,661 0 408 9,736 8,439 0 1,681 481 809 11,411 ‐1,675 ‐5,751
1972 273 1,728 1 14 2,017 5,360 0 425 7,802 8,263 0 1,620 492 802 11,177 ‐3,375 ‐9,127
1973 579 1,324 2 17 1,922 6,133 0 447 8,502 7,644 0 1,522 473 818 10,457 ‐1,954 ‐11,081
1974 839 1,550 3 20 2,412 6,544 0 453 9,409 4,861 0 1,387 481 792 7,521 1,888 ‐9,193
1975 374 1,341 1 23 1,738 5,045 0 399 7,182 3,544 0 1,321 478 816 6,158 1,024 ‐8,169
1976 629 1,522 6 25 2,182 6,166 0 351 8,700 3,265 0 1,301 491 816 5,873 2,827 ‐5,342
1977 720 1,388 5 26 2,138 6,210 0 356 8,704 3,293 0 1,261 500 791 5,845 2,860 ‐2,483
1978 2,009 906 465 98 3,478 12,130 0 510 16,117 3,243 0 2,071 556 982 6,851 9,266 6,784
1979 775 1,093 59 54 1,981 7,359 0 525 9,865 3,502 0 2,313 508 1,002 7,324 2,541 9,324
1980 1,615 1,146 444 86 3,291 11,263 0 423 14,976 3,156 0 2,397 571 1,296 7,419 7,558 16,882
1981 266 1,129 3 41 1,439 4,836 0 374 6,649 3,625 0 2,618 586 1,116 7,945 ‐1,295 15,587
1982 767 689 114 72 1,642 6,295 0 273 8,210 2,270 0 2,865 634 1,082 6,849 1,360 16,947
1983 1,109 667 273 126 2,175 8,722 0 251 11,148 1,915 0 2,888 691 1,157 6,650 4,498 21,445
1984 413 1,068 7 53 1,540 5,673 0 261 7,475 1,406 0 3,444 679 1,084 6,613 862 22,307
1985 177 763 4 52 995 3,983 0 253 5,231 1,356 0 3,942 680 1,050 7,028 ‐1,797 20,510
1986 271 733 7 53 1,063 4,792 0 246 6,101 1,654 0 4,290 669 1,031 7,644 ‐1,543 18,967
1987 216 632 4 52 904 4,080 0 243 5,227 1,193 0 4,256 653 968 7,071 ‐1,844 17,124
1988 292 644 5 60 1,001 4,498 0 239 5,738 959 0 4,088 640 913 6,600 ‐862 16,262
1989 73 670 3 59 806 3,853 0 233 4,891 996 0 3,986 629 853 6,464 ‐1,573 14,689
1990 127 562 3 61 753 3,904 0 226 4,883 1,136 3,491 3,513 608 819 9,567 ‐4,684 10,005
1991 530 635 253 155 1,574 7,213 0 222 9,009 996 5,540 2,783 610 867 10,796 ‐1,787 8,218
1992 428 476 50 82 1,035 5,439 0 224 6,698 841 4,358 2,171 581 862 8,814 ‐2,115 6,103
1993 1,153 432 747 67 2,400 11,038 0 239 13,677 1,169 3,197 2,431 620 1,096 8,512 5,165 11,267
1994 171 478 7 70 727 4,072 0 258 5,057 662 5,585 2,726 570 1,040 10,583 ‐5,527 5,741
1995 835 405 408 85 1,733 8,450 0 253 10,436 1,250 461 2,135 597 1,106 5,549 4,887 10,628
1996 175 462 7 79 724 3,954 0 265 4,943 1,247 7,094 2,248 574 1,020 12,182 ‐7,239 3,388
1997 252 496 13 78 838 4,609 0 261 5,708 1,593 7,410 2,299 562 965 12,829 ‐7,120 ‐3,732
1998 865 317 596 73 1,851 9,037 0 259 11,147 733 1,495 1,380 595 1,048 5,250 5,897 2,165
1999 131 477 3 76 688 3,674 0 285 4,648 862 4,647 1,523 552 937 8,521 ‐3,874 ‐1,709
2000 138 469 8 81 696 3,698 0 309 4,703 4,812 7,154 783 533 847 14,129 ‐9,426 ‐11,135
2001 210 361 11 82 663 4,031 295 304 5,293 4,957 6,025 338 511 798 12,629 ‐7,336 ‐18,471
2002 110 548 4 85 748 3,705 81 313 4,847 1,052 7,430 258 482 711 9,934 ‐5,086 ‐23,557
2003 312 366 66 120 864 4,873 0 329 6,067 1,371 6,441 173 456 718 9,159 ‐3,093 ‐26,650
2004 345 396 134 139 1,015 4,677 84 354 6,130 2,031 7,887 1 424 675 11,018 ‐4,887 ‐31,537
2005 810 325 630 81 1,846 8,781 212 389 11,228 1,607 5,898 0 432 771 8,708 2,520 ‐29,017
2006 72 373 2 88 535 2,810 344 414 4,103 1,658 7,656 0 383 690 10,387 ‐6,284 ‐35,301
2007 80 472 4 90 646 3,078 524 440 4,688 1,122 7,389 0 349 646 9,506 ‐4,819 ‐40,119

90‐07 Avg (Desalters Active) 375 447 164 89 1,074 5,391 86 297 6,848 1,617 5,509 1,376 524 868 9,893 ‐3,045
96‐07 Avg (RIX Active) 292 422 123 89 926 4,744 128 327 6,125 1,920 6,377 750 488 819 10,354 ‐4,229

65‐07 Avg 596 926 110 59 1,691 6,153 36 342 8,222 3,391 2,306 2,057 532 869 9,155 ‐933

[source: Calibrated RAGFM Model]
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Table 13 ‐ Annual Groundwater Budget for Model Area (acre‐feet/yr)

Ag Areas ‐ Rain
Ag Areas ‐ Applied 

Water
Urban Areas ‐ Rain

Urban Areas ‐ Applied 
Water

Column No. a  b c d 1 = a+b+c+d 2 3a 3b 4 5 6a 6b 7 8 9a 9b 10 11 12 13 14 15 16 17 18

1965 10,960 7,603 262 0 18,824 16,976 21,010 0 0 0 13,153 0 1,213 71,176 12,679 0 71,116 0 0 2,454 271 1,912 88,431 ‐17,254 ‐17,254
1966 5,411 7,894 64 0 13,369 11,852 36,152 0 0 0 10,959 0 1,055 73,387 14,139 0 68,613 0 0 2,835 366 1,851 87,804 ‐14,417 ‐31,671
1967 4,009 6,821 0 0 10,830 9,872 33,581 0 0 0 15,683 0 960 70,926 16,552 0 64,412 0 0 2,680 443 1,871 85,957 ‐15,031 ‐46,703
1968 2,414 7,630 0 0 10,044 9,317 31,945 0 0 0 17,753 0 871 69,929 15,411 0 75,044 0 0 2,537 443 1,815 95,249 ‐25,320 ‐72,022
1969 15,798 6,762 1,872 66 24,498 23,581 146,708 0 0 0 11,120 0 870 206,777 28,161 0 63,872 0 0 2,121 514 2,077 96,744 110,032 38,010
1970 4,052 8,270 16 142 12,480 11,105 35,694 0 0 0 6,711 0 1,037 67,027 19,021 0 69,554 0 0 1,827 486 2,401 93,290 ‐26,263 11,747
1971 2,934 8,924 25 194 12,077 10,770 33,936 0 0 0 12,894 0 1,231 70,908 18,048 0 69,784 0 0 1,681 481 2,342 92,337 ‐21,429 ‐9,682
1972 1,476 7,411 26 279 9,193 8,654 32,221 0 0 0 13,983 0 1,359 65,411 16,086 0 75,874 0 0 1,620 492 2,180 96,251 ‐30,840 ‐40,522
1973 4,006 5,630 40 339 10,015 10,649 49,017 0 0 0 15,110 0 1,515 86,306 17,890 0 62,537 0 0 1,522 473 2,185 84,608 1,698 ‐38,824
1974 4,202 6,574 53 400 11,229 10,631 43,669 0 0 0 16,841 0 1,712 84,082 17,670 0 66,402 0 0 1,387 481 2,205 88,145 ‐4,063 ‐42,887
1975 1,955 5,539 20 449 7,962 8,096 38,116 0 0 0 16,089 0 1,715 71,979 17,791 0 57,928 0 0 1,321 478 2,166 79,683 ‐7,704 ‐50,591
1976 3,377 6,136 108 481 10,102 9,901 42,754 0 0 0 16,753 0 1,779 81,290 18,085 0 61,981 0 0 1,301 491 2,160 84,019 ‐2,729 ‐53,320
1977 3,790 5,399 96 504 9,790 9,914 42,549 0 0 0 21,248 0 1,763 85,265 18,119 0 57,014 0 0 1,261 500 2,182 79,075 6,189 ‐47,130
1978 12,818 3,675 3,040 975 20,508 22,678 112,094 0 0 0 14,321 0 1,845 171,446 28,506 0 45,138 0 0 2,071 556 2,468 78,739 92,707 45,577
1979 5,301 4,571 482 807 11,161 13,140 58,881 0 0 0 13,329 0 4,518 101,029 29,467 0 50,195 0 0 2,313 508 2,819 85,303 15,726 61,303
1980 10,243 4,764 2,976 1,086 19,070 20,546 103,326 0 0 0 9,012 0 1,162 153,116 39,512 0 52,787 0 0 2,397 571 3,042 98,309 54,807 116,110
1981 1,510 4,356 63 825 6,754 7,620 44,882 0 0 0 12,400 0 5,091 76,746 30,297 0 57,738 0 0 2,618 586 3,083 94,322 ‐17,576 98,534
1982 4,536 2,689 899 1,004 9,128 10,952 60,767 0 0 0 15,270 0 6,574 102,692 33,677 0 41,497 0 0 2,865 634 3,134 81,806 20,886 119,420
1983 7,134 2,448 2,052 1,232 12,866 15,871 98,760 0 0 0 14,354 0 7,620 149,472 50,633 0 37,737 0 0 2,888 691 3,323 95,272 54,201 173,621
1984 2,205 4,141 137 1,082 7,564 9,013 48,221 0 0 0 14,131 0 8,076 87,005 41,026 0 52,793 0 0 3,444 679 3,384 101,326 ‐14,322 159,299
1985 852 2,887 72 1,056 4,867 6,181 49,167 0 0 0 18,194 0 7,989 86,398 38,640 0 47,933 0 0 3,942 680 3,437 94,631 ‐8,233 151,065
1986 1,715 2,720 141 1,074 5,651 7,845 56,398 0 0 0 21,011 0 6,881 97,785 41,392 0 46,433 0 0 4,290 669 3,449 96,233 1,551 152,617
1987 974 2,270 87 1,094 4,425 6,309 46,589 0 0 0 21,447 0 6,191 84,960 38,322 0 44,829 0 0 4,256 653 3,423 91,484 ‐6,524 146,093
1988 1,323 2,169 104 1,216 4,811 6,814 45,987 0 0 0 22,900 0 5,139 85,650 37,720 0 46,688 0 0 4,088 640 3,420 92,555 ‐6,905 139,188
1989 384 2,286 54 1,259 3,983 5,776 46,874 0 0 0 21,988 0 3,911 82,531 33,501 0 64,467 0 0 3,986 629 3,395 105,979 ‐23,447 115,741
1990 540 1,847 70 1,320 3,777 5,859 47,424 0 0 0 20,845 0 3,475 81,380 30,741 0 61,964 0 3,491 3,513 608 3,333 103,650 ‐22,270 93,471
1991 3,303 2,038 2,076 2,145 9,562 12,268 54,446 0 0 0 19,528 0 2,487 98,290 31,263 0 62,551 0 5,540 2,783 610 3,335 106,082 ‐7,792 85,679
1992 1,942 1,520 689 1,902 6,054 8,739 61,466 0 0 0 17,591 0 2,013 95,863 32,133 0 54,249 0 4,358 2,171 581 3,316 96,808 ‐945 84,733
1993 7,192 1,331 5,960 1,985 16,468 20,554 84,993 0 0 0 15,524 0 2,093 139,632 41,666 0 54,104 0 3,197 2,431 620 3,431 105,448 34,183 118,917
1994 829 1,450 201 1,976 4,456 6,415 44,729 0 0 0 17,645 0 1,827 75,071 33,052 0 53,628 0 5,585 2,726 570 3,387 98,948 ‐23,877 95,040
1995 4,905 1,266 3,536 2,009 11,717 15,242 73,879 0 0 0 16,532 0 1,954 119,324 40,015 0 52,142 0 461 2,135 597 3,429 98,779 20,545 115,585
1996 714 1,370 194 2,082 4,359 6,126 35,951 8,633 25,728 0 18,037 34 2,135 101,004 31,355 3,075 52,053 31,082 7,094 2,248 574 3,351 130,832 ‐29,828 85,757
1997 1,109 1,518 349 1,956 4,933 7,259 30,458 13,107 35,094 0 20,530 202 2,144 113,726 26,903 5,102 54,888 44,820 7,410 2,299 562 3,242 145,226 ‐31,499 54,258
1998 5,586 942 4,754 1,763 13,045 17,008 74,423 14,101 34,644 0 21,155 425 2,410 177,211 33,373 1,979 50,647 48,708 1,495 1,380 595 3,255 141,432 35,778 90,036
1999 468 1,426 70 1,832 3,796 5,578 30,750 14,200 34,940 0 21,352 623 2,437 113,676 25,653 4,823 60,158 48,041 4,647 1,523 552 3,187 148,584 ‐34,909 55,128
2000 505 1,412 187 1,935 4,039 5,706 28,859 14,676 34,326 0 24,234 921 2,378 115,140 23,181 4,775 63,509 47,227 7,154 783 533 3,043 150,206 ‐35,066 20,062
2001 1,093 1,064 247 1,876 4,280 6,693 28,213 14,718 29,416 295 21,544 1,167 2,138 108,464 21,122 4,578 60,233 41,637 6,025 338 511 2,908 137,353 ‐28,889 ‐8,827
2002 440 1,588 102 1,944 4,074 5,651 22,740 15,318 30,486 81 19,587 1,269 1,827 101,032 18,072 4,905 55,004 38,269 7,430 258 482 2,752 127,173 ‐26,141 ‐34,968
2003 2,083 1,068 856 2,177 6,184 8,576 34,596 14,330 28,674 0 17,697 1,187 1,438 112,682 19,728 4,562 53,531 38,559 6,441 173 456 2,748 126,197 ‐13,516 ‐48,484
2004 1,393 1,172 1,420 2,334 6,319 7,834 45,014 13,832 30,291 84 21,468 1,115 1,129 127,086 19,197 4,442 58,507 38,067 7,887 1 424 2,696 131,220 ‐4,135 ‐52,619
2005 5,237 935 5,046 1,739 12,957 16,746 104,197 12,429 26,350 212 19,158 962 895 193,906 30,599 2,249 56,759 36,091 5,898 0 432 2,924 134,951 58,955 6,337
2006 284 1,055 30 1,844 3,213 4,572 44,148 13,437 27,945 344 14,842 798 765 110,064 23,803 4,620 58,079 38,220 7,656 0 383 3,019 135,781 ‐25,717 ‐19,381
2007 355 1,320 104 1,925 3,705 4,939 30,282 14,183 28,124 524 13,703 819 775 97,053 19,738 5,317 62,909 35,802 7,389 0 349 2,868 134,372 ‐37,318 ‐56,699

90‐07 Avg 2,110 1,351 1,438 1,930 6,830 9,209 48,698 9,054 20,334 86 18,943 529 1,907 115,589 27,866 2,801 56,940 27,029 5,509 1,376 524 3,124 125,169 ‐9,580
96‐07 Avg 1,605 1,239 1,113 1,951 5,909 8,057 42,469 13,580 30,501 128 19,442 793 1,706 122,587 24,394 4,202 57,190 40,544 6,377 750 488 2,999 136,944 ‐14,357
65‐07 Avg 3,520 3,579 897 1,170 9,166 10,461 51,997 3,790 8,512 36 16,922 221 2,707 103,812 27,301 1,173 57,611 11,314 2,306 2,057 532 2,836 105,130 ‐1,319

[source: Calibrated RAGFM Model]

Cumulative 
Storage Change

Change in Santa Ana 
River Gain from 
Groundwater

(due to RIX operation)

Santa Ana River Gain from 
Groundwater

(with no RIX conditions)
Total OutflowDesalters Extraction

RIX Extraction Well 
Production

GW Extraction
(No RIX)

Year

INFLOW OUTFLOW

Storage Change

Estimated Deep Percolation

RIX Percolation 
Basin Feed

Total Deep 
Percolation

Natural Recharge at 
Basin Boundary and 
Streambed Recharge

Underflow to 
Hole Lake Area

Underflow to 
Temescal Basin

Underflow to 
Chino Basin

Santa Ana River Loss to 
Groundwater

(from streamflows except 
RIX discharge to SAR)

Santa Ana River Loss 
to Groundwater (from 
RIX discharge to SAR)

Total Inflow
Underflow from 
Temescal Basin

Underflow from 
Rialto Basin 
(with No RIX 
conditions)

Underflow from 
Rialto Basin (due to 

RIX operation)

Underflow from 
BunkerHill Basin
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Table 14 ‐ Impact of RIX Operation on Santa Ana River Flows (acre‐feet/yr) [source: Calibrated RAGFM Model]

Net Gain

1 2 3 4 5 6 7 8

31,082 ‐26 3,101 34,157 4,705 3,928 8,633 25,524
44,820 ‐54 5,156 49,922 6,974 6,134 13,107 36,815
48,708 ‐889 2,868 50,687 11,208 2,893 14,101 36,587
48,041 0 4,823 52,864 7,498 6,702 14,200 38,664
47,227 0 4,775 52,002 7,257 7,420 14,676 37,326
47,123 0 4,578 51,701 7,087 7,632 14,718 36,983
43,794 0 4,905 48,699 6,772 8,546 15,318 33,382
45,714 0 4,562 50,276 6,977 7,353 14,330 35,946
44,465 0 4,442 48,906 6,814 7,018 13,832 35,074
42,268 ‐553 2,802 44,517 10,044 2,385 12,429 32,089
45,321 ‐43 4,663 49,941 7,453 5,984 13,437 36,504
43,154 0 5,317 48,471 6,734 7,449 14,183 34,288

44,310 ‐130 4,333 48,512 7,460 6,120 13,580 34,932
RIX Impact on Santa Ana River Flows 

for 1996 ‐ 2007

Santa Ana River Reaches ‐‐‐‐> Santa Ana River at Riverside North and Riverside South Basins

Year  ↓

Santa Ana River Gain Santa Ana River Loss

RIX Discharge to Santa Ana 
River

(Column 10 of Table 11 plus 
other tertiary treatment 

effluents)

Change in Santa Ana River Gain in 
Riverside North Basin
(Column 8b of Table 11)

Total Santa Ana River Gain in Riverside 
North and Riverside South Basins 

(Sum of Columns 1 to 3)

Santa Ana River Loss to 
Groundwater in Riverside North 

Basin
(Column 3b of Table 11)

Santa Ana River Gain in 
Riverside South Basin
(Column 7b of Table 10)

2001
2002
2003

Net Impact of RIX on Santa Ana River Flows in 
Riverside North and Riverside South Basins 

(Column 4 minus Column 7)

2007

Santa Ana River Loss to 
Groundwater in Riverside South 

Basin
(Column 3b of Table 10)

Total Santa Ana River Loss in Riverside 
North and Riverside South Basins

(Sum of Columns 5 and 6)

2004
2005
2006

Column No. ‐‐‐‐>

1996
1997
1998
1999
2000
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Table 15 ‐ Impact of RIX Operation on Groundwater in Riverside Basin (acre‐feet/yr)

Riverside North and South Basins

Net Net

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

4,705 25,728 367 ‐366 30,435 ‐26 31,082 0 448 31,504 ‐1,069 3,928 448 4,376 3,101 ‐366 2,735 1,641 571
6,974 35,094 727 ‐703 42,092 ‐54 44,820 0 ‐153 44,613 ‐2,522 6,134 ‐153 5,981 5,156 ‐703 4,452 1,528 ‐993
11,208 34,644 882 ‐729 46,005 ‐889 48,708 ‐19 ‐1,085 46,715 ‐711 2,893 ‐1,085 1,808 2,868 ‐729 2,140 ‐331 ‐1,042
7,498 34,940 1,457 ‐935 42,961 0 48,041 0 ‐2,114 45,926 ‐2,965 6,702 ‐2,114 4,587 4,823 ‐935 3,889 698 ‐2,267
7,257 34,326 1,644 ‐1,102 42,124 0 47,227 0 ‐3,048 44,180 ‐2,056 7,420 ‐3,048 4,372 4,775 ‐1,102 3,672 700 ‐1,356
7,087 29,416 1,926 ‐1,242 37,187 0 41,637 0 ‐4,285 37,353 ‐165 7,632 ‐4,285 3,347 4,578 ‐1,242 3,336 11 ‐155
6,772 30,486 1,199 ‐1,294 37,162 0 38,269 0 ‐3,407 34,862 2,300 8,546 ‐3,407 5,139 4,905 ‐1,294 3,611 1,527 3,828
6,977 28,674 1,043 ‐1,160 35,534 0 38,559 0 ‐3,193 35,366 168 7,353 ‐3,193 4,160 4,562 ‐1,160 3,402 758 926
6,814 30,291 817 ‐1,195 36,727 0 38,067 0 ‐2,857 35,210 1,517 7,018 ‐2,857 4,162 4,442 ‐1,195 3,247 915 2,431
10,044 26,350 216 ‐586 36,024 ‐553 36,091 102 ‐808 34,832 1,192 2,385 ‐808 1,577 2,802 ‐586 2,216 ‐639 553
7,453 27,945 828 ‐932 35,295 ‐43 38,220 0 ‐1,668 36,510 ‐1,215 5,984 ‐1,668 4,317 4,663 ‐932 3,732 585 ‐630
6,734 28,124 921 ‐1,072 34,708 0 35,802 0 ‐2,152 33,650 1,058 7,449 ‐2,152 5,297 5,317 ‐1,072 4,245 1,052 2,110

7,460 30,501 1,002 ‐943 38,021 ‐130 40,544 7 ‐2,027 38,393 ‐372 6,120 ‐2,027 4,094 4,333 ‐943 3,390 704 331

[source: Calibrated RAGFM Model]

2002
2003

RIX Impact on Groundwater for 1996 ‐ 
2007

2004
2005
2006
2007

2000
2001

Change in Underflow to 
Riverside North Basin 
(Column 10b of Table 

10)

Total Change in Outflow 
from Riverside North Basin 
(Sum of Columns 15 and 

16)

1996
1997
1998
1999

Net Impact of RIX on 
Groundwater in Riverside South 
Basin (Column 14 minus Column 

17)

Column No. ‐‐‐‐>

Change in Santa Ana River Loss 
to Groundwater

(Column 3b of Table 10)

Change in Underflow from 
Riverside North Basin 
(Column 5b of Table 10)

Total Change in Inflow to 
Riverside South Basin (Sum 

of Columns 12 and 13)

Change in Santa Ana River 
Grain from Groundwater
(Column 7b of Table 10)

NET IMPACT OF RIX
(Sum of Columns 11 and 18)Change in Santa Ana River Loss 

to Groundwater
(Column 3b of Table 11)

RIX Percolation Basin 
Feed

(Column 4 of Table 11)

Change in Underflow from 
Rialto Colton Basin

(Column 5b of Table 11)

Change in Underflow from 
Riverside South Basin 
(Column 6b of Table 11)

Total Change in Inflow to 
Riverside North Basin (Sum 

of Columns 1 to 4)

Change in Santa Ana River Gain 
from Groundwater

(Column 8b of Table 11)

RIX Extraction Well 
Production 

(Column 10 of Table 11)

Change in Underflow to 
Rialto Colton Basin

(Column 11b of Table 11)

Change in Underflow to 
Riverside South Basin 

(Column 12b of Table 11)

Basisns ‐‐‐‐> Riverside North Basin Riverside South Basin

Year  ↓

Inflow Outflow Inflow Outflow

Total Change in Outflow 
from Riverside North Basin 
(Sum of Columns 6 to 9)

Net Impact of RIX on 
Groundwater in Riverside North 
Basin (Column 5 minus Column 

10)
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Table 16 - Existing Conditions (EC) Baseline Assumptions and Data 
 

Data Type Assumptions and Source of Data 

Initial Groundwater 
Levels 

Groundwater levels from the end of the simulation period  
(December 2007) of the RAGFM 

Land Use Conditions 
The latest land use conditions from SCAG, as used in the calibrated 
RAGFM 

Precipitation 
Precipitation data for the forty three-year period of 1965 to 2007 are 
used for estimation of deep percolation 

Deep Percolation from 
Precipitation and 
Applied Water 

Deep percolation rates were calculated based on the 2007 land and 
water use conditions and 1965-2007 hydrology  

Groundwater 
Production 

Rialto-Colton Basin 
- 2007 groundwater production rate of 4,700 AFY 

Riverside North Basin 
- 8,200 AFY groundwater production from Flume Wells 2-6. 
- 2007 groundwater production rates from all other wells operating in 
2007   

Riverside South Basin 
- 2007 groundwater production rates from all other wells operating in 
2007, except Jurupa CSD Well 21 and Empire Water Company Wells 
1 and 2 operating at 50% of 2007 rates. 

Arlington Basin 
- 5,200 AFY from WMWD Desalter wells (operating at 70% of 2007 

rates) and 1,150 AFY from all other wells 

Santa Ana River 
Streamflow Rates 

Santa Ana River streamflow data for the forty three-year period of 1965 
to 2007 are used for estimation of river losses and gains.  Seven Oaks 
Dam operation is not incorporated.  Historical data for San Bernardino 
Wastewater Treatment Plant discharges to the Santa Ana River above E 
Street gage are deducted from E Street gage data.   

Simulation Period 43 years hydrologic period of 1965-2007. 

RIX Operation 

2007 recharge and production data consists of: 
- 35,500 AFY Influent Flow* 

- 28,100 AFY Percolation Basin Feed 
- 35,800 AFY Extraction Well Production 
- 43,200 Effluent Discharge to Santa Ana River 
(* - Data provided by RIX indicates 500 AFY of shortage for RIX effluent discharge to 
Santa Ana River.  This is attributed to flow measurement errors at RIX) 

 
  



     

Table 17 - Water Budget for RIX Operation 

(Based on 2007 RIX operation and RAGFM EC Baseline results) 

 

RIX Components Quantity (AFY) 

INFLOW: Secondary wastewater from WWTP (from 2007 

RIX Operation Data) 
35,500 

Delivered to Percolation Basins 28,100 

 Delivered to Tertiary Treatment Facility at RIX 7,400 

Total Discharge to SAR (from 2007 RIX Operation Data) 43,200 

 
RIX Extraction Well Production 35,800 

Tertiary Treatment (DynaSand Filter) Effluent 7,400 

Recharge through SAR streambed (from RAGFM EC 

Baseline) 
8,600 

Riverside North Basin 5,300 

Riverside South Basin 3,300 

OUTFLOW: RIX Discharge Surface Outflow at 

Riverside Narrows (from RAGFM EC Baseline, Table 22) 
34,600 

Net Loss of RIX Flow to Groundwater 900 

  



Table 18 ‐ Annual Groundwater Budget for Riverside North Basin for EC Baseline (acre‐feet/yr)

Ag Areas ‐ Rain
Ag Areas ‐ Applied 

Water
Urban Areas ‐ Rain

Urban Areas ‐ Applied 
Water

a  b c d 1 = a+b+c+d 2 3a 3b 4 5a 5b 6a 6b 7 8a 8b 9 10 11a 11b 12a 12b 13 14 15 16

801 192 412 191 1,596 124 9,390 6,246 28,124 24,479 478 4,204 ‐862 73,779 0 0 28,265 35,802 0 0 24,153 ‐813 1,912 89,318 ‐15,540 ‐15,540
376 231 186 222 1,015 55 15,985 6,217 28,124 21,464 617 4,161 ‐1,009 76,629 0 0 28,265 35,802 35 ‐2 22,317 ‐1,791 1,851 86,478 ‐9,848 ‐25,388
143 178 51 213 585 28 7,491 6,411 28,124 21,381 524 4,018 ‐1,068 67,495 0 0 28,265 35,802 6 0 21,409 ‐2,198 1,871 85,153 ‐17,658 ‐43,046
84 201 22 258 566 25 3,910 6,807 28,200 24,197 358 4,299 ‐1,190 67,171 0 0 28,301 35,902 0 0 18,583 ‐2,742 1,815 81,860 ‐14,689 ‐57,735

1,779 212 1,964 254 4,209 339 80,501 5,198 28,124 13,716 342 3,087 ‐417 135,100 0 0 28,265 35,802 3,840 19 30,436 ‐1,542 2,077 98,895 36,205 ‐21,530
150 241 25 272 688 31 7,475 6,346 28,124 23,831 389 4,577 ‐1,240 70,221 0 0 28,265 35,802 0 0 23,544 ‐2,672 2,401 87,339 ‐17,118 ‐38,648
106 263 26 250 645 27 5,997 6,558 28,124 24,892 256 4,423 ‐1,258 69,665 0 0 28,265 35,802 0 0 20,285 ‐3,143 2,342 83,550 ‐13,885 ‐52,533
59 248 23 270 601 27 3,808 6,603 28,200 25,763 95 4,336 ‐1,245 68,188 0 0 28,301 35,902 0 0 18,775 ‐3,655 2,180 81,503 ‐13,316 ‐65,849
498 204 39 271 1,011 83 11,791 5,839 28,124 25,102 ‐52 4,009 ‐1,148 74,760 0 0 28,265 35,802 0 0 18,589 ‐4,061 2,185 80,780 ‐6,020 ‐71,868
202 240 30 261 733 38 7,807 6,121 28,124 26,849 ‐186 4,235 ‐1,196 72,526 0 0 28,265 35,802 0 0 18,111 ‐4,444 2,205 79,939 ‐7,413 ‐79,282
80 203 10 257 550 24 6,091 6,283 28,124 27,942 ‐378 4,403 ‐1,249 71,790 0 0 28,265 35,802 0 0 17,861 ‐4,922 2,166 79,171 ‐7,381 ‐86,663
175 217 50 244 686 31 8,783 5,824 28,200 28,311 ‐576 4,385 ‐1,143 74,502 0 0 28,301 35,902 0 0 18,016 ‐5,295 2,160 79,085 ‐4,583 ‐91,246
175 188 36 234 633 26 7,778 5,484 28,124 29,867 ‐738 4,449 ‐1,017 74,607 0 0 28,265 35,802 0 0 18,216 ‐5,656 2,182 78,808 ‐4,201 ‐95,447
1,708 179 1,667 455 4,008 365 59,387 4,149 28,124 21,812 ‐672 3,728 ‐496 120,407 0 0 28,265 35,802 1,598 125 25,367 ‐4,098 2,468 89,526 30,881 ‐64,567
838 232 250 321 1,640 151 21,287 4,764 28,124 28,108 ‐659 4,460 ‐1,229 86,648 0 0 28,265 35,802 0 0 24,426 ‐4,653 2,819 86,658 ‐11 ‐64,577
1,474 249 1,510 422 3,654 312 77,776 4,373 28,200 19,769 ‐308 4,193 ‐613 137,358 10 ‐10 28,301 35,902 3,454 68 34,143 ‐2,979 3,042 101,932 35,426 ‐29,152
92 222 18 257 589 26 11,951 4,977 28,124 31,224 ‐296 5,288 ‐1,291 80,592 0 0 28,265 35,802 0 0 27,311 ‐3,764 3,083 90,697 ‐10,105 ‐39,257
611 171 404 343 1,529 118 24,494 4,423 28,124 30,776 ‐175 4,672 ‐1,147 92,814 0 0 28,265 35,802 0 0 25,865 ‐3,701 3,134 89,365 3,448 ‐35,809
1,152 150 871 435 2,607 221 78,271 4,534 28,124 21,032 90 3,732 ‐668 137,943 87 ‐60 28,265 35,802 755 5 35,391 ‐2,345 3,323 101,223 36,720 912
266 274 37 277 853 53 21,260 4,326 28,200 33,187 346 5,426 ‐1,026 92,625 0 0 28,301 35,902 0 0 33,673 ‐2,520 3,384 98,741 ‐6,116 ‐5,204
64 213 15 259 551 25 19,952 4,421 28,124 34,171 554 5,353 ‐1,050 92,102 0 0 28,265 35,802 0 0 31,306 ‐2,599 3,437 96,211 ‐4,108 ‐9,313
301 223 35 254 813 57 26,258 4,392 28,124 33,456 705 5,269 ‐1,047 98,026 1 ‐1 28,265 35,802 0 0 31,833 ‐2,676 3,449 96,672 1,353 ‐7,959
84 204 18 238 545 24 15,318 4,723 28,124 36,122 714 5,502 ‐1,153 89,920 0 0 28,265 35,802 0 0 30,110 ‐2,872 3,423 94,728 ‐4,808 ‐12,767
128 204 18 260 609 26 13,362 4,882 28,200 36,412 714 5,476 ‐1,197 88,485 0 0 28,301 35,902 0 0 29,084 ‐3,034 3,420 93,674 ‐5,188 ‐17,955
46 246 12 255 558 24 11,084 5,078 28,124 36,200 646 5,425 ‐1,252 85,887 0 0 28,265 35,802 0 0 27,932 ‐3,236 3,395 92,157 ‐6,270 ‐24,226
70 235 12 255 572 25 9,761 5,208 28,124 35,708 555 5,370 ‐1,308 84,014 0 0 28,265 35,802 0 0 26,922 ‐3,539 3,333 90,782 ‐6,768 ‐30,994
797 285 711 475 2,267 161 15,802 5,159 28,124 33,355 473 5,201 ‐1,322 89,220 0 0 28,265 35,802 2 0 27,135 ‐3,790 3,335 90,749 ‐1,529 ‐32,523
404 217 147 293 1,061 68 21,311 4,895 28,200 31,377 418 5,022 ‐1,273 91,081 0 0 28,301 35,902 7 0 27,320 ‐3,817 3,316 91,031 50 ‐32,473
1,957 195 2,034 251 4,438 382 53,787 6,210 28,124 24,246 282 4,588 ‐912 121,146 101 ‐93 28,265 35,802 1,409 2 34,267 ‐2,507 3,431 100,676 20,470 ‐12,003
181 210 26 256 673 39 10,121 5,229 28,124 32,644 472 5,585 ‐1,268 81,619 0 0 28,265 35,802 0 0 28,540 ‐3,076 3,387 92,917 ‐11,298 ‐23,301
1,361 190 1,150 298 2,999 247 40,699 5,870 28,124 25,951 452 4,838 ‐1,018 108,162 48 ‐43 28,265 35,802 459 1 32,285 ‐2,587 3,429 97,659 10,503 ‐12,798
119 214 23 272 628 28 15,476 5,078 28,200 31,568 565 5,457 ‐1,244 85,756 0 0 28,301 35,902 1 0 28,613 ‐3,097 3,351 93,071 ‐7,315 ‐20,113
245 242 46 257 789 44 13,145 5,265 28,124 31,655 586 5,317 ‐1,290 83,635 0 0 28,265 35,802 1 0 26,886 ‐3,364 3,242 90,832 ‐7,197 ‐27,310
1,656 159 1,590 245 3,650 314 42,814 4,395 28,124 25,937 698 4,487 ‐980 109,439 17 ‐16 28,265 35,802 226 ‐11 30,910 ‐3,084 3,255 95,363 14,076 ‐13,234
78 224 9 252 563 24 11,380 5,028 28,124 32,640 717 5,462 ‐1,247 82,691 0 0 28,265 35,802 0 0 28,026 ‐3,156 3,187 92,124 ‐9,433 ‐22,667
95 241 25 264 624 29 10,434 5,225 28,200 33,408 678 5,310 ‐1,291 82,618 0 0 28,301 35,902 0 0 26,400 ‐3,373 3,043 90,273 ‐7,655 ‐30,321
300 200 40 259 798 54 9,427 5,263 28,124 33,053 554 5,227 ‐1,338 81,163 0 0 28,265 35,802 0 0 25,134 ‐3,698 2,908 88,411 ‐7,248 ‐37,570
83 285 11 263 643 27 6,627 5,498 28,124 32,601 360 5,246 ‐1,453 77,674 0 0 28,265 35,802 0 0 23,751 ‐4,299 2,752 86,270 ‐8,596 ‐46,165
714 223 253 382 1,572 101 12,388 5,149 28,124 29,773 249 4,817 ‐1,311 80,861 0 0 28,265 35,802 0 0 23,428 ‐4,307 2,748 85,935 ‐5,073 ‐51,239
369 255 373 391 1,388 66 16,366 5,149 28,200 29,064 117 4,706 ‐1,306 83,750 0 0 28,301 35,902 0 0 22,627 ‐4,491 2,696 85,036 ‐1,285 ‐52,524
1,767 209 1,619 230 3,826 330 59,531 4,030 28,124 20,730 356 3,901 ‐848 119,981 0 0 28,265 35,802 1,458 4 31,284 ‐3,447 2,924 96,289 23,692 ‐28,832
58 223 5 252 538 23 18,808 4,866 28,124 27,720 427 4,992 ‐1,207 84,290 0 0 28,265 35,802 0 0 27,481 ‐3,387 3,019 91,179 ‐6,889 ‐35,721
81 276 13 256 625 26 10,020 5,189 28,124 28,537 348 5,160 ‐1,350 76,680 0 0 28,265 35,802 0 0 24,215 ‐3,851 2,868 87,299 ‐10,619 ‐46,340

505 220 368 282 1,375 99 21,747 5,295 28,142 28,373 258 4,739 ‐1,120 88,907 6 ‐5 28,273 35,825 308 5 26,092 ‐3,355 2,836 89,985 ‐1,078

531 223 389 292 1,435 104 24,100 4,952 28,143 30,359 367 5,017 ‐1,160 93,317 9 ‐8 28,273 35,826 268 2 28,493 ‐3,353 3,177 92,688 629

840 214 716 293 2,063 160 26,644 5,263 28,143 29,591 493 5,062 ‐1,163 96,257 21 ‐19 28,274 35,827 263 ‐1 29,495 ‐3,165 3,343 94,037 2,220

979 200 786 372 2,338 199 45,528 4,537 28,137 25,454 ‐337 4,345 ‐907 109,294 16 ‐12 28,271 35,819 968 33 28,751 ‐3,590 2,978 93,234 16,060

181 225 30 257 693 36 7,441 6,132 28,143 26,569 ‐149 4,352 ‐1,187 72,032 0 0 28,274 35,827 0 0 19,174 ‐4,231 2,228 81,272 ‐9,240

137 228 21 257 643 33 16,714 4,719 28,146 35,037 605 5,403 ‐1,148 90,151 0 0 28,275 35,831 0 0 30,123 ‐2,925 3,406 94,709 ‐4,558

464 229 334 277 1,304 89 18,868 5,011 28,143 29,724 471 5,007 ‐1,239 87,378 1 ‐1 28,274 35,827 141 ‐1 26,563 ‐3,630 2,999 90,173 ‐2,795

505 220 368 282 1,375 99 21,747 5,295 28,142 28,373 258 4,739 ‐1,120 88,907 6 ‐5 28,273 35,825 308 5 26,092 ‐3,355 2,836 89,985 ‐1,078

[source: RAGFM Model]
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Table 19 ‐ Annual Groundwater Budget for Riverside South Basin for EC Baseline (acre‐feet/yr)

Ag Areas ‐ Rain
Ag Areas ‐ Applied 

Water
Urban Areas ‐ Rain

Urban Areas ‐ 
Applied Water

a  b c d 1 = a+b+c+d 2 3a 3b 4 5a 5b 6 7a 7b 8 9 10a 10b 11 12 13

1,161 367 856 1,233 3,618 4,089 12,391 9,329 629 24,153 ‐813 53,397 16,996 4,873 36,463 470 4,204 ‐862 62,145 ‐8,748 ‐8,748
526 430 393 1,427 2,775 2,515 14,329 9,168 591 22,317 ‐1,791 49,904 14,782 5,490 36,463 483 4,161 ‐1,009 60,370 ‐10,466 ‐19,213
329 335 155 1,303 2,123 1,974 12,014 10,314 573 21,409 ‐2,198 46,209 13,350 5,349 36,463 488 4,018 ‐1,068 58,600 ‐12,391 ‐31,604
184 408 113 1,453 2,157 1,843 10,280 12,861 541 18,583 ‐2,742 43,524 11,103 5,796 36,527 486 4,299 ‐1,190 57,021 ‐13,497 ‐45,101
2,487 381 2,493 1,444 6,805 7,954 35,997 354 651 30,436 ‐1,542 80,654 20,096 3,840 36,463 502 3,087 ‐417 63,571 17,083 ‐28,018
353 443 171 1,564 2,531 2,119 12,830 10,040 575 23,544 ‐2,672 48,966 11,981 5,693 36,463 477 4,577 ‐1,240 57,950 ‐8,984 ‐37,002
238 545 174 1,447 2,404 1,869 12,121 11,676 574 20,285 ‐3,143 45,785 10,635 5,757 36,463 463 4,423 ‐1,258 56,484 ‐10,698 ‐47,701
125 483 136 1,568 2,312 1,665 9,961 14,107 556 18,775 ‐3,655 43,721 9,900 5,606 36,527 446 4,336 ‐1,245 55,570 ‐11,849 ‐59,549
621 369 159 1,516 2,664 2,913 15,736 11,124 559 18,589 ‐4,061 47,524 10,533 4,951 36,463 434 4,009 ‐1,148 55,242 ‐7,718 ‐67,267
393 466 180 1,503 2,543 2,137 12,836 13,911 527 18,111 ‐4,444 45,622 9,322 5,337 36,463 427 4,235 ‐1,196 54,588 ‐8,966 ‐76,233
208 380 61 1,452 2,101 1,680 11,275 15,689 501 17,861 ‐4,922 44,185 8,202 5,837 36,463 422 4,403 ‐1,249 54,078 ‐9,892 ‐86,126
339 467 289 1,377 2,472 2,024 13,790 14,883 493 18,016 ‐5,295 46,383 8,008 5,986 36,413 418 4,385 ‐1,143 54,067 ‐7,685 ‐93,811
375 424 234 1,292 2,325 2,038 13,464 15,398 481 18,216 ‐5,656 46,267 7,417 6,177 36,259 413 4,449 ‐1,017 53,699 ‐7,432 ‐101,243
2,578 320 2,321 1,576 6,795 7,957 40,906 ‐185 594 25,367 ‐4,098 77,337 13,588 4,023 36,259 448 3,728 ‐496 57,551 19,787 ‐81,456
1,085 434 486 1,507 3,512 4,060 21,495 8,889 582 24,426 ‐4,653 58,311 11,189 4,289 36,259 430 4,460 ‐1,229 55,397 2,914 ‐78,542
2,181 502 2,013 1,720 6,416 6,841 40,654 ‐214 703 34,143 ‐2,979 85,564 15,362 4,807 36,323 441 4,193 ‐613 60,513 25,051 ‐53,491
226 416 108 1,484 2,234 1,797 15,709 9,884 684 27,311 ‐3,764 53,856 10,068 5,521 36,259 412 5,288 ‐1,291 56,258 ‐2,402 ‐55,893
927 294 692 1,451 3,365 3,538 25,028 4,596 726 25,865 ‐3,701 59,417 11,886 5,076 36,259 404 4,672 ‐1,147 57,150 2,267 ‐53,626
1,628 289 1,466 1,359 4,742 5,704 39,540 98 764 35,391 ‐2,345 83,894 19,133 4,465 36,259 411 3,732 ‐668 63,332 20,562 ‐33,064
425 536 189 1,606 2,755 2,241 20,572 5,576 672 33,673 ‐2,520 62,970 14,568 4,976 36,323 416 5,426 ‐1,026 60,683 2,287 ‐30,777
152 398 98 1,480 2,129 1,618 19,727 6,024 641 31,306 ‐2,599 58,846 14,348 5,063 36,259 424 5,353 ‐1,050 60,398 ‐1,552 ‐32,329
426 406 177 1,425 2,434 2,357 21,072 5,842 605 31,833 ‐2,676 61,467 15,194 4,892 36,259 435 5,269 ‐1,047 61,001 466 ‐31,863
194 386 109 1,392 2,081 1,771 17,084 7,477 546 30,110 ‐2,872 56,198 13,108 5,343 36,259 452 5,502 ‐1,153 59,512 ‐3,314 ‐35,177
302 402 128 1,462 2,294 1,824 15,949 8,379 505 29,084 ‐3,034 55,001 12,366 5,474 36,323 470 5,476 ‐1,197 58,911 ‐3,911 ‐39,088
112 499 59 1,459 2,129 1,567 14,328 9,682 459 27,932 ‐3,236 52,861 11,366 5,725 36,259 484 5,425 ‐1,252 58,007 ‐5,146 ‐44,234
162 466 78 1,467 2,173 1,675 13,655 10,579 428 26,922 ‐3,539 51,893 10,674 5,749 36,259 498 5,370 ‐1,308 57,241 ‐5,348 ‐49,582
1,195 519 994 1,698 4,407 4,271 16,053 9,830 460 27,135 ‐3,790 58,366 11,329 5,761 36,259 523 5,201 ‐1,322 57,751 616 ‐48,967
622 409 472 1,511 3,014 2,812 19,823 7,864 450 27,320 ‐3,817 57,466 12,020 5,394 36,323 526 5,022 ‐1,273 58,014 ‐547 ‐49,514
2,769 357 2,569 1,429 7,124 8,125 27,625 4,545 585 34,267 ‐2,507 79,763 16,724 5,235 36,259 566 4,588 ‐912 62,461 17,302 ‐32,211
304 404 145 1,428 2,281 2,025 13,313 10,302 541 28,540 ‐3,076 53,927 11,339 6,177 36,259 533 5,585 ‐1,268 58,625 ‐4,698 ‐36,909
1,875 380 1,582 1,417 5,254 5,823 23,623 5,948 658 32,285 ‐2,587 71,005 15,911 5,595 36,259 530 4,838 ‐1,018 62,115 8,890 ‐28,020
268 392 150 1,545 2,353 1,904 15,909 8,818 609 28,613 ‐3,097 55,109 12,398 6,161 36,323 507 5,457 ‐1,244 59,602 ‐4,494 ‐32,514
407 472 264 1,469 2,612 2,301 14,106 10,201 599 26,886 ‐3,364 53,341 11,643 6,153 36,259 495 5,317 ‐1,290 58,576 ‐5,235 ‐37,749
2,292 288 2,013 1,318 5,911 6,952 26,601 3,975 690 30,910 ‐3,084 71,956 17,106 4,581 36,259 513 4,487 ‐980 61,967 9,989 ‐27,760
184 484 55 1,394 2,118 1,672 14,284 9,247 595 28,026 ‐3,156 52,786 12,428 5,444 36,259 500 5,462 ‐1,247 58,846 ‐6,060 ‐33,819
197 487 148 1,500 2,332 1,777 13,572 10,500 582 26,400 ‐3,373 51,790 11,663 5,733 36,323 496 5,310 ‐1,291 58,235 ‐6,445 ‐40,265
451 357 184 1,469 2,461 2,380 13,497 10,781 565 25,134 ‐3,698 51,119 10,849 5,771 36,259 490 5,227 ‐1,338 57,258 ‐6,138 ‐46,403
203 585 85 1,520 2,394 1,737 11,634 12,873 504 23,751 ‐4,299 48,594 9,534 6,060 36,259 490 5,246 ‐1,453 56,136 ‐7,542 ‐53,945
887 397 428 1,540 3,252 3,333 16,367 9,975 531 23,428 ‐4,307 52,578 10,778 5,403 36,259 492 4,817 ‐1,311 56,438 ‐3,860 ‐57,805
610 469 743 1,652 3,474 2,869 18,146 9,634 506 22,627 ‐4,491 52,765 10,767 5,285 36,323 493 4,706 ‐1,306 56,268 ‐3,503 ‐61,308
2,433 400 2,077 1,334 6,244 7,202 32,851 2,571 608 31,284 ‐3,447 77,313 16,814 4,461 36,259 520 3,901 ‐848 61,108 16,204 ‐45,103
152 458 22 1,404 2,036 1,663 17,923 8,694 529 27,481 ‐3,387 54,939 12,518 4,919 36,259 505 4,992 ‐1,207 57,987 ‐3,048 ‐48,151
194 571 80 1,475 2,321 1,758 14,073 10,932 524 24,215 ‐3,851 49,973 10,187 5,638 36,259 496 5,160 ‐1,350 56,389 ‐6,416 ‐54,568

762 425 590 1,467 3,244 3,171 18,655 8,655 574 26,092 ‐3,355 57,036 12,539 5,346 36,328 473 4,739 ‐1,120 58,305 ‐1,269

788 429 607 1,480 3,305 3,227 19,801 7,707 581 28,493 ‐3,353 59,761 12,871 5,350 36,274 481 5,017 ‐1,160 58,834 927

1,217 402 1,024 1,477 4,119 4,277 19,632 7,685 574 29,495 ‐3,165 62,616 13,559 5,632 36,275 524 5,062 ‐1,163 59,889 2,728

1,438 376 1,181 1,516 4,511 4,983 30,555 3,845 676 28,751 ‐3,590 69,730 13,538 4,697 36,270 424 4,345 ‐907 58,367 11,363

332 447 175 1,465 2,419 2,056 12,752 13,354 533 19,174 ‐4,231 46,057 9,500 5,668 36,439 437 4,352 ‐1,187 55,210 ‐9,153

253 442 120 1,470 2,285 1,865 17,484 7,651 551 30,123 ‐2,925 57,033 13,089 5,317 36,277 454 5,403 ‐1,148 59,393 ‐2,360

690 447 521 1,468 3,126 2,962 17,414 9,017 570 26,563 ‐3,630 56,022 12,224 5,467 36,275 500 5,007 ‐1,239 58,234 ‐2,212

762 425 590 1,467 3,244 3,171 18,655 8,655 574 26,092 ‐3,355 57,036 12,539 5,346 36,328 473 4,739 ‐1,120 58,305 ‐1,269

[source: RAGFM Model]
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Table 20 ‐ Annual Groundwater Budget for Arlington Basin for EC Baseline (acre‐feet/yr)

Ag Areas ‐ Rain
Ag Areas ‐ Applied 

Water
Urban Areas ‐ Rain

Urban Areas ‐ 
Applied Water

a  b c d 1 = a+b+c+d 2 3 4 5 6 7 8 9 10 11 12 13

490 306 149 67 1,013 5,422 36 470 6,941 1,152 5,172 38 325 629 7,316 ‐375 ‐375
225 353 45 77 699 3,654 100 483 4,937 1,152 5,172 0 309 591 7,224 ‐2,287 ‐2,662
164 298 19 75 557 3,073 114 488 4,233 1,152 5,172 0 286 573 7,183 ‐2,950 ‐5,612
94 338 8 91 531 2,868 144 486 4,030 1,155 5,182 2 263 541 7,143 ‐3,113 ‐8,725
831 322 771 89 2,013 9,157 471 502 12,143 1,152 5,172 6 274 651 7,255 4,888 ‐3,837
177 390 9 95 672 3,373 555 477 5,077 1,152 5,172 0 250 575 7,148 ‐2,071 ‐5,909
135 434 10 88 667 3,149 532 463 4,810 1,152 5,172 0 227 574 7,124 ‐2,314 ‐8,223
71 384 9 95 560 2,705 487 446 4,197 1,155 5,182 0 209 556 7,102 ‐2,905 ‐11,128
203 309 10 95 618 3,857 413 434 5,321 1,152 5,172 0 195 559 7,078 ‐1,756 ‐12,884
210 373 10 91 685 3,441 509 427 5,061 1,152 5,172 0 179 527 7,029 ‐1,968 ‐14,852
104 330 4 90 529 2,773 702 422 4,425 1,152 5,172 0 161 501 6,985 ‐2,560 ‐17,412
185 374 18 88 665 3,361 889 418 5,333 1,155 5,182 0 144 493 6,975 ‐1,641 ‐19,053
217 347 13 84 660 3,441 1,141 413 5,656 1,152 5,172 0 127 481 6,932 ‐1,277 ‐20,330
916 270 711 193 2,090 9,579 1,451 448 13,567 1,152 5,172 0 145 594 7,063 6,504 ‐13,826
354 342 91 117 904 5,205 1,445 430 7,985 1,152 5,172 0 132 582 7,038 947 ‐12,879
774 370 646 164 1,953 8,498 1,498 441 12,390 1,155 5,182 0 140 703 7,180 5,210 ‐7,669
104 366 7 90 567 2,963 1,418 412 5,360 1,152 5,172 0 124 684 7,131 ‐1,771 ‐9,440
360 253 156 127 896 4,715 1,327 404 7,341 1,152 5,172 0 120 726 7,170 171 ‐9,269
589 243 372 188 1,393 7,132 1,461 411 10,397 1,152 5,172 0 133 764 7,221 3,176 ‐6,093
186 430 12 97 725 3,562 1,365 416 6,068 1,155 5,182 0 131 672 7,141 ‐1,073 ‐7,166
81 331 6 91 508 2,643 1,208 424 4,783 1,152 5,172 0 129 641 7,094 ‐2,311 ‐9,477
150 342 11 88 591 3,440 1,050 435 5,516 1,152 5,172 0 128 605 7,057 ‐1,541 ‐11,018
111 319 7 84 521 2,883 1,023 452 4,879 1,152 5,172 0 125 546 6,995 ‐2,116 ‐13,134
165 347 7 93 611 3,086 1,134 470 5,301 1,155 5,182 0 121 505 6,963 ‐1,662 ‐14,796
48 402 4 89 544 2,669 1,221 484 4,917 1,152 5,172 0 115 459 6,898 ‐1,981 ‐16,777
85 377 4 89 556 2,810 1,309 498 5,173 1,152 5,172 0 108 428 6,859 ‐1,687 ‐18,464
406 425 283 191 1,305 5,800 1,359 523 8,987 1,152 5,172 0 110 460 6,894 2,093 ‐16,371
305 330 58 107 800 4,184 1,432 526 6,942 1,155 5,182 0 105 450 6,891 51 ‐16,320
924 304 820 88 2,136 9,690 1,247 566 13,639 1,152 5,172 0 128 585 7,037 6,603 ‐9,718
127 339 9 89 564 3,131 947 533 5,176 1,152 5,172 0 112 541 6,977 ‐1,802 ‐11,519
675 296 442 104 1,516 7,282 1,172 530 10,500 1,152 5,172 0 120 658 7,103 3,398 ‐8,122
133 341 8 97 579 3,069 1,131 507 5,286 1,155 5,182 0 115 609 7,061 ‐1,775 ‐9,897
195 375 14 92 677 3,606 730 495 5,508 1,152 5,172 0 113 599 7,036 ‐1,528 ‐11,425
741 247 633 86 1,707 8,222 1,013 513 11,455 1,152 5,172 0 139 690 7,153 4,302 ‐7,123
105 377 3 88 574 2,815 1,104 500 4,992 1,152 5,172 0 137 595 7,056 ‐2,063 ‐9,186
114 381 9 92 596 2,896 881 496 4,870 1,155 5,182 0 135 582 7,054 ‐2,184 ‐11,371
180 301 12 91 584 3,386 1,184 490 5,644 1,152 5,172 0 134 565 7,023 ‐1,379 ‐12,750
98 474 4 92 669 3,010 755 490 4,923 1,152 5,172 0 132 504 6,960 ‐2,036 ‐14,786
290 332 67 125 815 4,427 655 492 6,389 1,152 5,172 0 132 531 6,987 ‐597 ‐15,383
331 376 136 142 985 4,343 776 493 6,598 1,155 5,182 0 128 506 6,971 ‐374 ‐15,757
807 324 626 81 1,839 8,402 721 520 11,482 1,152 5,172 0 149 608 7,081 4,401 ‐11,355
72 372 2 88 534 2,683 766 505 4,489 1,152 5,172 0 137 529 6,990 ‐2,500 ‐13,856
80 471 4 90 645 2,925 814 496 4,880 1,152 5,172 0 126 524 6,974 ‐2,094 ‐15,950

293 349 145 102 890 4,403 923 473 6,688 1,152 5,175 1 157 574 7,059 ‐371

296 351 154 106 907 4,465 1,109 481 6,961 1,152 5,175 0 126 581 7,034 ‐73

438 332 283 107 1,160 5,623 1,129 524 8,437 1,152 5,175 0 118 574 7,019 1,418

516 307 331 146 1,300 6,348 1,434 424 9,507 1,152 5,174 0 132 676 7,134 2,373

163 368 10 91 632 3,262 653 437 4,985 1,152 5,175 0 186 533 7,047 ‐2,062

118 364 7 90 579 3,013 1,187 454 5,234 1,152 5,175 0 123 551 7,001 ‐1,767

262 364 127 97 850 4,149 878 500 6,376 1,152 5,175 0 131 570 7,029 ‐652

293 349 145 102 890 4,403 923 473 6,688 1,152 5,175 1 157 574 7,059 ‐371

[source: RAGFM Model]

Underflow from 
Riverside South 

Basin

Underflow from 
Temescal Basin

Natural Recharge at Basin 
Boundary and Streambed 

Recharge
Total Outflow

Underflow to 
Temescal Basin

Underflow to Hole 
Lake Area

OUTFLOW

Storage Change
Total Inflow GW Production

Cumulative 
Storage Change

Underflow to 
Riverside South 

Basin

Short Term (79‐07)
Simulation Year 15‐43

1970

1973
1974
1975

Desalters 
Production

1976
1977

Recent Hydrologic Conditions (96‐07 Avg)

Short Term (84‐90)
Simulation Year 20‐26

INFLOW

4

1965
1966
1967
1968

Estimated Deep Percolation
Total Deep 
Percolation

Long Term Hydrologic Conditions (65‐07 Avg)

Normal

Wet

Dry

Long Term (65‐07)
Simulation Year 1‐43

Simulation Year Hydrologic Year

Column No.
‐‐‐‐>

1

19695
6

2
3

1971
1972

7
8

1978
1979
1980
1981

16
17
18

1983
1984

19
20

198521
1986
1987
1988

1994

1982

1995
1996

1989
1990

1997

1992
1991

12
13
14
15

9
10
11

22
23
24

200541

25
26
27
28
29
30

2001

1993

200440

31
32
33
34
35

1998
1999
200036

37
38
39

2002
2003

42
43

2006
2007

Inflow Outflow Storage Change

Long Term (70‐77)
Simulation Year 6‐13

Average Conditions

H
yd

ro
lo
gi
ca
l 

Co
nd

iti
on

s Long Term (91‐98)
Simulation Year 27‐34
Short Term (78‐83)

Simulation Year 14‐19
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Table 21 ‐ Impact of RIX Operation on Groundwater in Riverside Basin for EC Baseline (acre‐feet/yr) [source: RAGFM Model]

Riverside North and South Basins

Net Net

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

6,246 28,124 478 ‐862 33,986 0 35,802 0 ‐813 34,989 ‐1,003 9,329 ‐813 8,516 4,873 ‐862 4,012 4,504 3,502
6,217 28,124 617 ‐1,009 33,948 0 35,802 ‐2 ‐1,791 34,009 ‐61 9,168 ‐1,791 7,377 5,490 ‐1,009 4,481 2,896 2,835
6,411 28,124 524 ‐1,068 33,991 0 35,802 0 ‐2,198 33,604 388 10,314 ‐2,198 8,116 5,349 ‐1,068 4,281 3,836 4,223
6,807 28,200 358 ‐1,190 34,175 0 35,902 0 ‐2,742 33,161 1,015 12,861 ‐2,742 10,119 5,796 ‐1,190 4,606 5,514 6,528
5,198 28,124 342 ‐417 33,247 0 35,802 19 ‐1,542 34,278 ‐1,031 354 ‐1,542 ‐1,188 3,840 ‐417 3,423 ‐4,611 ‐5,642
6,346 28,124 389 ‐1,240 33,619 0 35,802 0 ‐2,672 33,129 490 10,040 ‐2,672 7,367 5,693 ‐1,240 4,452 2,915 3,405
6,558 28,124 256 ‐1,258 33,681 0 35,802 0 ‐3,143 32,659 1,022 11,676 ‐3,143 8,533 5,757 ‐1,258 4,500 4,033 5,056
6,603 28,200 95 ‐1,245 33,653 0 35,902 0 ‐3,655 32,247 1,405 14,107 ‐3,655 10,452 5,606 ‐1,245 4,361 6,091 7,497
5,839 28,124 ‐52 ‐1,148 32,764 0 35,802 0 ‐4,061 31,741 1,023 11,124 ‐4,061 7,063 4,951 ‐1,148 3,803 3,260 4,283
6,121 28,124 ‐186 ‐1,196 32,864 0 35,802 0 ‐4,444 31,358 1,505 13,911 ‐4,444 9,468 5,337 ‐1,196 4,141 5,327 6,832
6,283 28,124 ‐378 ‐1,249 32,780 0 35,802 0 ‐4,922 30,879 1,901 15,689 ‐4,922 10,767 5,837 ‐1,249 4,588 6,179 8,080
5,824 28,200 ‐576 ‐1,143 32,305 0 35,902 0 ‐5,295 30,608 1,697 14,883 ‐5,295 9,589 5,986 ‐1,143 4,843 4,746 6,443
5,484 28,124 ‐738 ‐1,017 31,853 0 35,802 0 ‐5,656 30,146 1,707 15,398 ‐5,656 9,742 6,177 ‐1,017 5,161 4,581 6,289
4,149 28,124 ‐672 ‐496 31,106 0 35,802 125 ‐4,098 31,829 ‐723 ‐185 ‐4,098 ‐4,283 4,023 ‐496 3,528 ‐7,810 ‐8,533
4,764 28,124 ‐659 ‐1,229 31,001 0 35,802 0 ‐4,653 31,149 ‐148 8,889 ‐4,653 4,236 4,289 ‐1,229 3,060 1,176 1,028
4,373 28,200 ‐308 ‐613 31,652 ‐10 35,902 68 ‐2,979 32,982 ‐1,329 ‐214 ‐2,979 ‐3,193 4,807 ‐613 4,194 ‐7,388 ‐8,717
4,977 28,124 ‐296 ‐1,291 31,515 0 35,802 0 ‐3,764 32,038 ‐523 9,884 ‐3,764 6,120 5,521 ‐1,291 4,230 1,890 1,367
4,423 28,124 ‐175 ‐1,147 31,225 0 35,802 0 ‐3,701 32,101 ‐876 4,596 ‐3,701 896 5,076 ‐1,147 3,930 ‐3,034 ‐3,910
4,534 28,124 90 ‐668 32,081 ‐60 35,802 5 ‐2,345 33,402 ‐1,322 98 ‐2,345 ‐2,247 4,465 ‐668 3,797 ‐6,044 ‐7,365
4,326 28,200 346 ‐1,026 31,846 0 35,902 0 ‐2,520 33,382 ‐1,537 5,576 ‐2,520 3,056 4,976 ‐1,026 3,950 ‐893 ‐2,430
4,421 28,124 554 ‐1,050 32,049 0 35,802 0 ‐2,599 33,203 ‐1,153 6,024 ‐2,599 3,424 5,063 ‐1,050 4,014 ‐589 ‐1,742
4,392 28,124 705 ‐1,047 32,174 ‐1 35,802 0 ‐2,676 33,124 ‐950 5,842 ‐2,676 3,165 4,892 ‐1,047 3,844 ‐679 ‐1,629
4,723 28,124 714 ‐1,153 32,409 0 35,802 0 ‐2,872 32,930 ‐522 7,477 ‐2,872 4,605 5,343 ‐1,153 4,190 416 ‐106
4,882 28,200 714 ‐1,197 32,600 0 35,902 0 ‐3,034 32,868 ‐268 8,379 ‐3,034 5,345 5,474 ‐1,197 4,277 1,068 799
5,078 28,124 646 ‐1,252 32,596 0 35,802 0 ‐3,236 32,566 30 9,682 ‐3,236 6,446 5,725 ‐1,252 4,473 1,973 2,003
5,208 28,124 555 ‐1,308 32,579 0 35,802 0 ‐3,539 32,263 316 10,579 ‐3,539 7,039 5,749 ‐1,308 4,440 2,599 2,915
5,159 28,124 473 ‐1,322 32,434 0 35,802 0 ‐3,790 32,012 422 9,830 ‐3,790 6,040 5,761 ‐1,322 4,439 1,601 2,023
4,895 28,200 418 ‐1,273 32,241 0 35,902 0 ‐3,817 32,086 155 7,864 ‐3,817 4,047 5,394 ‐1,273 4,121 ‐74 81
6,210 28,124 282 ‐912 33,705 ‐93 35,802 2 ‐2,507 33,204 501 4,545 ‐2,507 2,038 5,235 ‐912 4,323 ‐2,285 ‐1,784
5,229 28,124 472 ‐1,268 32,557 0 35,802 0 ‐3,076 32,726 ‐169 10,302 ‐3,076 7,226 6,177 ‐1,268 4,908 2,317 2,148
5,870 28,124 452 ‐1,018 33,429 ‐43 35,802 1 ‐2,587 33,173 256 5,948 ‐2,587 3,361 5,595 ‐1,018 4,577 ‐1,216 ‐961
5,078 28,200 565 ‐1,244 32,599 0 35,902 0 ‐3,097 32,805 ‐206 8,818 ‐3,097 5,720 6,161 ‐1,244 4,916 804 598
5,265 28,124 586 ‐1,290 32,686 0 35,802 0 ‐3,364 32,437 248 10,201 ‐3,364 6,837 6,153 ‐1,290 4,862 1,974 2,223
4,395 28,124 698 ‐980 32,237 ‐16 35,802 ‐11 ‐3,084 32,691 ‐454 3,975 ‐3,084 891 4,581 ‐980 3,602 ‐2,711 ‐3,164
5,028 28,124 717 ‐1,247 32,622 0 35,802 0 ‐3,156 32,646 ‐25 9,247 ‐3,156 6,092 5,444 ‐1,247 4,197 1,895 1,870
5,225 28,200 678 ‐1,291 32,814 0 35,902 0 ‐3,373 32,529 285 10,500 ‐3,373 7,126 5,733 ‐1,291 4,443 2,684 2,968
5,263 28,124 554 ‐1,338 32,603 0 35,802 0 ‐3,698 32,104 499 10,781 ‐3,698 7,083 5,771 ‐1,338 4,433 2,651 3,150
5,498 28,124 360 ‐1,453 32,530 0 35,802 0 ‐4,299 31,503 1,027 12,873 ‐4,299 8,574 6,060 ‐1,453 4,607 3,967 4,994
5,149 28,124 249 ‐1,311 32,211 0 35,802 0 ‐4,307 31,495 716 9,975 ‐4,307 5,668 5,403 ‐1,311 4,091 1,577 2,293
5,149 28,200 117 ‐1,306 32,161 0 35,902 0 ‐4,491 31,411 750 9,634 ‐4,491 5,143 5,285 ‐1,306 3,979 1,164 1,914
4,030 28,124 356 ‐848 31,662 0 35,802 4 ‐3,447 32,358 ‐696 2,571 ‐3,447 ‐876 4,461 ‐848 3,614 ‐4,490 ‐5,185
4,866 28,124 427 ‐1,207 32,210 0 35,802 0 ‐3,387 32,414 ‐204 8,694 ‐3,387 5,307 4,919 ‐1,207 3,712 1,594 1,390
5,189 28,124 348 ‐1,350 32,312 0 35,802 0 ‐3,851 31,951 361 10,932 ‐3,851 7,081 5,638 ‐1,350 4,287 2,794 3,155

Riverside Basin
5,295 28,142 258 ‐1,120 32,575 ‐5 35,825 5 ‐3,355 32,470 105 8,655 ‐3,355 5,300 5,346 ‐1,120 4,225 1,074 1,180

4,952 28,143 367 ‐1,160 32,301 ‐8 35,826 2 ‐3,353 32,467 ‐166 7,707 ‐3,353 4,354 5,350 ‐1,160 4,190 164 ‐3

5,263 28,143 493 ‐1,163 32,736 ‐19 35,827 ‐1 ‐3,165 32,642 94 7,685 ‐3,165 4,520 5,632 ‐1,163 4,469 51 145

4,537 28,137 ‐337 ‐907 31,430 ‐12 35,819 33 ‐3,590 32,250 ‐820 3,845 ‐3,590 255 4,697 ‐907 3,790 ‐3,535 ‐4,355

6,132 28,143 ‐149 ‐1,187 32,940 0 35,827 0 ‐4,231 31,596 1,344 13,354 ‐4,231 9,123 5,668 ‐1,187 4,481 4,642 5,985

4,719 28,146 605 ‐1,148 32,322 0 35,831 0 ‐2,925 32,905 ‐583 7,651 ‐2,925 4,726 5,317 ‐1,148 4,170 556 ‐27

5,011 28,143 471 ‐1,239 32,387 ‐1 35,827 ‐1 ‐3,630 32,195 192 9,017 ‐3,630 5,387 5,467 ‐1,239 4,229 1,159 1,350

5,295 28,142 258 ‐1,120 32,575 ‐5 35,825 5 ‐3,355 32,470 105 8,655 ‐3,355 5,300 5,346 ‐1,120 4,225 1,074 1,180

Basisns ‐‐‐‐> Riverside North Basin Riverside South Basin

Inflow Outflow Inflow Outflow

NET IMPACT OF RIX
(Sum of Columns 11 and 18)Change in Santa Ana River Loss 

to Groundwater
(Column 3b of Table 18)

RIX Percolation Basin 
Feed

(Column 4 of Table 18)

Change in Underflow from 
Rialto Colton Basin

(Column 5b of Table 18)

Change in Underflow from 
Riverside South Basin 
(Column 6b of Table 18)

Total Change in Inflow to 
Riverside North Basin (Sum 

of Columns 1 to 4)

Change in Santa Ana River Gain 
from Groundwater

(Column 8b of Table 18)

RIX Extraction Well 
Production 

(Column 10 of Table 18)

Change in Underflow to 
Rialto Colton Basin

(Column 11b of Table 18)

Change in Underflow to 
Riverside South Basin 

(Column 12b of Table 5.2)

Net Impact of RIX on 
Groundwater in Riverside South 
Basin (Column 14 minus Column 

17)

Column No. ‐‐‐‐>

Change in Santa Ana River Loss 
to Groundwater

(Column 3b of Table 19)

Change in Underflow from 
Riverside North Basin 
(Column 5b of Table 19)

Total Change in Inflow to 
Riverside South Basin (Sum 

of Columns 12 and 13)

Change in Santa Ana River 
Grain from Groundwater
(Column 7b of Table 19)

Simulation Year Hydrologic Year Total Change in Outflow 
from Riverside North Basin 
(Sum of Columns 6 to 9)

Net Impact of RIX on 
Groundwater in Riverside North 
Basin (Column 5 minus Column 

10)

33

3 1967

Change in Underflow to 
Riverside North Basin 
(Column 10b of Table 

19)

Total Change in Outflow 
from Riverside North Basin 
(Sum of Columns 15 and 

16)

1 1965
2 1966

28

Riverside North Basin Riverside South Basin

6 1970
7 1971
8 1972

1996

29

1997

Long Term Hydrologic Conditions (65‐07 Avg)

Short Term (84‐90)
Simulation Year 20‐26

23 1987
24 1988
25 1989

Long Term (70‐77)
Simulation Year 6‐13

1992

26 1990
27 1991

Average Conditions

2006
43 2007

31 1995
32

H
yd
ro
lo
gi
ca
l 

Co
nd

iti
on

s

Normal

Long Term (65‐07)
Simulation Year 1‐43
Short Term (79‐07)

Simulation Year 15‐43

Wet

Long Term (91‐98)
Simulation Year 27‐34
Short Term (78‐83)

Simulation Year 14‐19

1999

4 1968
5 1969

9 1973
10 1974
11 1975
12 1976
13 1977
14 1978
15 1979
16 1980
17 1981
18 1982
19 1983
20 1984
21 1985

1993
30 1994

Dry

22 1986

34 1998

38 2002
37 2001

35

42

36 2000

Recent Hydrologic Conditions (96‐07 Avg)

41 2005

39 2003
40 2004
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Table 22 ‐ Impact of RIX Operation on Santa Ana River Flows for EC Baseline (acre‐feet/yr) [source: RAGFM Model]

Net Gain

1 2 3 4 5 6 7 8

43,154 0 4,873 48,027 6,246 9,329 15,575 32,453
43,154 0 5,490 48,644 6,217 9,168 15,385 33,259
43,154 0 5,349 48,503 6,411 10,314 16,725 31,777
43,275 0 5,796 49,070 6,807 12,861 19,668 29,403
43,154 0 3,840 46,994 5,198 354 5,552 41,442
43,154 0 5,693 48,847 6,346 10,040 16,386 32,461
43,154 0 5,757 48,911 6,558 11,676 18,234 30,677
43,275 0 5,606 48,881 6,603 14,107 20,710 28,171
43,154 0 4,951 48,105 5,839 11,124 16,963 31,142
43,154 0 5,337 48,491 6,121 13,911 20,033 28,458
43,154 0 5,837 48,991 6,283 15,689 21,972 27,019
43,275 0 5,986 49,261 5,824 14,883 20,707 28,554
43,154 0 6,177 49,331 5,484 15,398 20,882 28,449
43,154 0 4,023 47,177 4,149 ‐185 3,965 43,213
43,154 0 4,289 47,443 4,764 8,889 13,653 33,789
43,275 ‐10 4,807 48,073 4,373 ‐214 4,160 43,913
43,154 0 5,521 48,675 4,977 9,884 14,862 33,814
43,154 0 5,076 48,230 4,423 4,596 9,019 39,211
43,154 ‐60 4,465 47,559 4,534 98 4,632 42,927
43,275 0 4,976 48,251 4,326 5,576 9,902 38,348
43,154 0 5,063 48,217 4,421 6,024 10,444 37,773
43,154 ‐1 4,892 48,045 4,392 5,842 10,234 37,811
43,154 0 5,343 48,497 4,723 7,477 12,201 36,296
43,275 0 5,474 48,749 4,882 8,379 13,261 35,488
43,154 0 5,725 48,879 5,078 9,682 14,760 34,120
43,154 0 5,749 48,903 5,208 10,579 15,786 33,117
43,154 0 5,761 48,915 5,159 9,830 14,989 33,926
43,275 0 5,394 48,669 4,895 7,864 12,760 35,909
43,154 ‐93 5,235 48,295 6,210 4,545 10,755 37,540
43,154 0 6,177 49,331 5,229 10,302 15,530 33,800
43,154 ‐43 5,595 48,706 5,870 5,948 11,818 36,888
43,275 0 6,161 49,436 5,078 8,818 13,895 35,540
43,154 0 6,153 49,307 5,265 10,201 15,466 33,840
43,154 ‐16 4,581 47,719 4,395 3,975 8,370 39,349
43,154 0 5,444 48,598 5,028 9,247 14,275 34,323
43,275 0 5,733 49,008 5,225 10,500 15,725 33,283
43,154 0 5,771 48,925 5,263 10,781 16,044 32,880
43,154 0 6,060 49,214 5,498 12,873 18,371 30,843
43,154 0 5,403 48,557 5,149 9,975 15,124 33,433
43,275 0 5,285 48,559 5,149 9,634 14,784 33,776
43,154 0 4,461 47,615 4,030 2,571 6,601 41,014
43,154 0 4,919 48,073 4,866 8,694 13,560 34,513
43,154 0 5,638 48,792 5,189 10,932 16,122 32,670

Net Gain
43,182 ‐5 5,346 48,523 5,295 8,655 13,950 34,572

43,183 ‐8 5,350 48,525 4,952 7,707 12,659 35,867

43,184 ‐19 5,632 48,797 5,263 7,685 12,948 35,849

43,174 ‐12 4,697 47,860 4,537 3,845 8,382 39,478

43,184 0 5,668 48,852 6,132 13,354 19,486 29,366

43,189 0 5,317 48,506 4,719 7,651 12,370 36,136

43,184 ‐1 5,467 48,650 5,011 9,017 14,028 34,622

43,182 ‐5 5,346 48,523 5,295 8,655 13,950 34,572

38 2002

35 1999
36 2000
37 2001

5 1969

27 1991

15 1979

11 1975

1977
14

Santa Ana River Reaches ‐‐‐‐> Santa Ana River at Riverside North and Riverside South Basins

Santa Ana River Gain Santa Ana River Loss

Simulation Year Hydrologic Year Santa Ana River Gain in 
Riverside South Basin

(Column 7b of Table 19)

Net Impact of RIX on Santa Ana River Flows in 
Riverside North and Riverside South Basins 

(Column 4 minus Column 7)

Total Santa Ana River Gain in 
Riverside North and Riverside South 

Basins 
(Sum of Columns 1 to 3)

Santa Ana River Loss to 
Groundwater in Riverside North 

Basin
(Column 3b of Table 18)

Santa Ana River Loss to 
Groundwater in Riverside South 

Basin
(Column 3b of Table 19)

Total Santa Ana River Loss in Riverside 
North and Riverside South Basins

(Sum of Columns 5 and 6)

RIX Discharge to Santa Ana 
River

(Column 10 of Table 18 plus 
other tertiary treatment 

effluents)

Change in Santa Ana River Gain 
in Riverside North Basin
(Column 8b of Table 18)

Column No. ‐‐‐‐>

12

9 1973
10 1974

1 1965

6 1970

4

2 1966
3 1967

1968

1978
13

7 1971
8 1972

1976

16 1980
17 1981
18 1982
19 1983
20 1984
21 1985
22 1986
23 1987
24 1988
25 1989

29 1993
30 1994

26 1990

28 1992

31 1995
32 1996
33 1997
34 1998

41 2005
42 2006

39 2003
40 2004

43 2007

H
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Normal

Long Term (65‐07)
Simulation Year 1‐43
Short Term (79‐07)

Simulation Year 15‐43

Wet

Long Term (91‐98)
Simulation Year 27‐34
Short Term (78‐83)

Simulation Year 14‐19

Dry

Santa Ana River Loss

Long Term (70‐77)
Simulation Year 6‐13
Short Term (84‐90)

Simulation Year 20‐26

Long Term Hydrologic Conditions (65‐07 Avg)

Santa Ana River GainAverage Conditions

Recent Hydrologic Conditions (96‐07 Avg)
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Table 23 Safe Yield Estimation (acre‐feet/yr)

1 2 5 4 5 6 7 8 9

28,265 ‐15,540 12,725 36,463 ‐8,748 27,715 6,324 ‐375 5,949
28,265 ‐9,848 18,416 36,463 ‐10,466 25,997 6,324 ‐2,287 4,037
28,265 ‐17,658 10,606 36,463 ‐12,391 24,072 6,324 ‐2,950 3,373
28,301 ‐14,689 13,613 36,527 ‐13,497 23,031 6,337 ‐3,113 3,224
28,265 36,205 64,470 36,463 17,083 53,546 6,324 4,888 11,212
28,265 ‐17,118 11,146 36,463 ‐8,984 27,479 6,324 ‐2,071 4,252
28,265 ‐13,885 14,380 36,463 ‐10,698 25,765 6,324 ‐2,314 4,010
28,301 ‐13,316 14,985 36,527 ‐11,849 24,679 6,337 ‐2,905 3,432
28,265 ‐6,020 22,245 36,463 ‐7,718 28,745 6,324 ‐1,756 4,568
28,265 ‐7,413 20,851 36,463 ‐8,966 27,497 6,324 ‐1,968 4,356
28,265 ‐7,381 20,883 36,463 ‐9,892 26,571 6,324 ‐2,560 3,764
28,301 ‐4,583 23,718 36,413 ‐7,685 28,729 6,337 ‐1,641 4,696
28,265 ‐4,201 24,064 36,259 ‐7,432 28,827 6,324 ‐1,277 5,047
28,265 30,881 59,145 36,259 19,787 56,046 6,324 6,504 12,828
28,265 ‐11 28,254 36,259 2,914 39,173 6,324 947 7,270
28,301 35,426 63,727 36,323 25,051 61,374 6,337 5,210 11,547
28,265 ‐10,105 18,159 36,259 ‐2,402 33,857 6,324 ‐1,771 4,553
28,265 3,448 31,713 36,259 2,267 38,526 6,324 171 6,495
28,265 36,720 64,985 36,259 20,562 56,821 6,324 3,176 9,500
28,301 ‐6,116 22,185 36,323 2,287 38,610 6,337 ‐1,073 5,264
28,265 ‐4,108 24,156 36,259 ‐1,552 34,707 6,324 ‐2,311 4,012
28,265 1,353 29,618 36,259 466 36,725 6,324 ‐1,541 4,783
28,265 ‐4,808 23,457 36,259 ‐3,314 32,945 6,324 ‐2,116 4,208
28,301 ‐5,188 23,113 36,323 ‐3,911 32,412 6,337 ‐1,662 4,675
28,265 ‐6,270 21,994 36,259 ‐5,146 31,113 6,324 ‐1,981 4,343
28,265 ‐6,768 21,496 36,259 ‐5,348 30,911 6,324 ‐1,687 4,637
28,265 ‐1,529 26,736 36,259 616 36,875 6,324 2,093 8,417
28,301 50 28,352 36,323 ‐547 35,776 6,337 51 6,388
28,265 20,470 48,735 36,259 17,302 53,561 6,324 6,603 12,926
28,265 ‐11,298 16,967 36,259 ‐4,698 31,561 6,324 ‐1,802 4,522
28,265 10,503 38,767 36,259 8,890 45,149 6,324 3,398 9,722
28,301 ‐7,315 20,987 36,323 ‐4,494 31,829 6,337 ‐1,775 4,562
28,265 ‐7,197 21,068 36,259 ‐5,235 31,024 6,324 ‐1,528 4,795
28,265 14,076 42,340 36,259 9,989 46,248 6,324 4,302 10,626
28,265 ‐9,433 18,832 36,259 ‐6,060 30,199 6,324 ‐2,063 4,261
28,301 ‐7,655 20,646 36,323 ‐6,445 29,878 6,337 ‐2,184 4,153
28,265 ‐7,248 21,016 36,259 ‐6,138 30,121 6,324 ‐1,379 4,945
28,265 ‐8,596 19,669 36,259 ‐7,542 28,717 6,324 ‐2,036 4,288
28,265 ‐5,073 23,191 36,259 ‐3,860 32,399 6,324 ‐597 5,727
28,301 ‐1,285 27,016 36,323 ‐3,503 32,820 6,337 ‐374 5,964
28,265 23,692 51,957 36,259 16,204 52,463 6,324 4,401 10,725
28,265 ‐6,889 21,376 36,259 ‐3,048 33,211 6,324 ‐2,500 3,823
28,265 ‐10,619 17,645 36,259 ‐6,416 29,843 6,324 ‐2,094 4,230

28,273 ‐1,078 27,195 36,328 ‐1,269 35,059 6,327 ‐371 5,956

28,273 629 28,902 36,274 927 37,202 6,327 ‐73 6,254

28,274 2,220 30,494 36,275 2,728 39,003 6,327 1,418 7,745

28,271 16,060 44,331 36,270 11,363 47,633 6,326 2,373 8,699

28,274 ‐9,240 19,034 36,439 ‐9,153 27,286 6,327 ‐2,062 4,266

28,275 ‐4,558 23,717 36,277 ‐2,360 33,918 6,328 ‐1,767 4,560

28,274 ‐2,795 25,479 36,275 ‐2,212 34,063 6,327 ‐652 5,675

 Recent (96‐07) 
Hydrological Conditions 25,500 34,100 5,700

Long Term (65‐07) 
Hydrological Conditions 27,200 35,100 6,000

[source: RAGFM Model]

Yield
(Column 4 plus Column 5)

Groundwater Production
(Column 6 plus Column 7 

of Table 5‐4)

1966
3

Basins ‐‐‐‐> Riverside North Basin Riverside South Basin Arlington Basin

Yield
(Column 7 plus Column 8)

Groundwater 
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(Column 8 of Table 5‐3)

Yield
(Column 1 plus Column 3)

Storage Change
(Column 12 of Table 5‐

2)

9 1973

Storage Change
(Column 12 of Table 5‐4)
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(Column 9 of Table 5‐2)
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Simulation Year   Hydrologic Year 
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Safe Yield = Annual groundwater production 
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Table 24 – Summary of Safe Yield Estimates 

 

Basin 

Range of Yield based on Long 
Term Hydrologic Conditions 

(AFY) 

Yield Based on 
Recent 

Hydrological 
Conditions, 1996 

to 2007  (AFY) 

Safe Yield 
(AFY) 

Wet Dry Normal 

Riverside North 30,500 19,000 27,200 25,500  27,200 

Riverside South 39,000 27,300 35,100 34,100  35,100 

Arlington 7,700 4,300 6,000 5,700  6,000 

 



    

Table 25 – Monthly Recharge Rates at ASR Facilities (AF/month) 

(Source of Recharge Water: Santa Ana River Flows) 

ASR 
Facility 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Total 

(AFY) 

On-

Channel 

Recharge 

Basin 

1,112 1,284 1,544 1,386 1,193 788 524 378 323 331 474 662 10,000 

Off-

Channel 

Basins 

  750 750      750 750  3,000 

Total Annual Recharge at ASR Facilities (AFY) 13,000 

 



 

    

Table 26 – Monthly Recharge Rates at Arlington Basin Recharge Facilities (AF/month) 

(Source of Recharge Water: Storm Water) 

Scenario 2 

Basin Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Total 

(AFY) 

Metrolink 217 217 217 100 0 0 80 80 80 125 217 217 1,550 

Monroe 48 48 48 30 0 0 10 20 20 30 48 48 350 

Victoria 200 200 200 0 0 0 0 0 0 100 200 200 1,100 

Total 465 465 465 130 0 0 90 100 100 255 465 465 3,000 

Scenario 3 

Basin Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Total 

(AFY) 

Metrolink 217 217 217 100 0 0 80 80 80 125 217 217 1,550 

Monroe 48 48 48 35 0 0 19 21 21 34 48 48 370 

Victoria 257.5 257.5 257.5 257.5 0 0 0 0 257.5 257.5 257.5 257.5 2,060 

Total 522.5 522.5 522.5 392.5 0 0 99 101 358.5 416 522.5 522.5 3,980 

Scenario 4 

Basin Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Total 

(AFY) 

Monroe 48 48 48 48 0 0 38 48 48 48 48 48 470 

Victoria 250.4 250.4 250.4 250.4 0 0 250.4 250.4 250.4 250.4 250.4 250.40 2,504 

Total 298.4 298.4 298.4 298.4 0 0 298.4 298.4 298.4 298.4 298.4 298.4 2,974 

 



Table 27 ‐ Long‐Term Water Budgets and Basin Conditions Under Various Simulations

Riverside North Basin Riverside South Basin Arlington Basin Riverside North Basin Riverside South Basin Arlington Basin Riverside North Basin Riverside South Basin Arlington Basin Riverside North Basin Riverside South Basin Arlington Basin

Flume Wells 2‐6 8,210 10,000 10,000 8,210 ‐ ‐
Flume Well 7 4,360 4,360 4,360 ‐ ‐
Colton Wells 30 and 31 8,070 8,070 4,035 ‐ ‐
West Valley New Wells 8,630 3,090
WMWD Desalter Wells 1‐5 5,200 7,800 7,420 ‐ ‐ 5,025
WMWD New Desalter Wells 1,935 ‐ ‐ 3,610
RIX Extraction** 35,800 35,800 35,800 35,800 ‐ ‐
Pellissier ASR Extraction Wells ‐ 10,000 ‐
Other Wells** 20,090 36,330 1,130 20,090 36,330 1,200 20,090 36,480 1,385 20,075 36,310 335

64,100 36,330 6,330 78,320 36,330 9,000 86,950 36,480 10,740 75,570 46,310 8,970

Riverside North Basin
Riverside South Basin 19,120 100 18,070 680 22,820 230 25,650
Arlington Basin 280
Chino Basin 2,840 2,840 2,840 2,840
Temescal Basin & Hole Lake Area 160 260 130 50

Subtotal 21,960 0 260 20,910 0 940 25,660 0 360 28,490 280 50

Santa Ana River Gain from Groundwater  17,890 17,560 19,560 15,850
TOTAL OUTFLOW 86,060 54,220 6,590 99,230 53,890 9,940 112,610 56,040 11,100 104,060 62,440 9,020

ASR On‐Channel Facility (in Rialto‐Colton Basin)*** 10,000 21,920
ASR Off‐Channel Facility 3,000 8,980 6,000
Pellissier ASR Facility 10,000
RIX Percolation Basin Feed** 28,100 28,100 28,100 28,100
Arlington Basin Recharge Facilities 3,000 3,980 ‐ 2,970

28,100 0 0 31,100 0 3,000 37,080 0 3,980 44,100 0 2,970

Deep Percolation from Precipitation and Applied Water 1,360 3,240 890 1,350 3,240 890 1,740 3,240 890 1,350 3,230 890
Natural Recharge at Basin Boundaries and Streambed 
Recharge 140 3,170 4,400 140 3,170 4,340 140 3,200 4,350 150 3,110 4,450

Subtotal 1,500 6,410 5,290 1,490 6,410 5,230 1,880 6,440 5,240 1,500 6,340 5,340

Rialto‐Colton Basin 28,320 38,390 44,810 30,320
Riverside North Basin 19,120 18,070 22,820 25,650
Riverside South Basin 280
Arlington Basin 100 680 230
Temescal Basin 920 1,450 1,460 390

Subtotal 28,320 19,220 920 38,390 18,750 1,450 44,810 23,050 1,460 30,320 25,650 670
Santa Ana River Loss (AF/yr)

Santa Ana River Loss to Groundwater 27,040 27,310 27,020 27,470 28,610 25,850 26,550 28,700
TOTAL INFLOW 84,960 52,940 6,210 98,000 52,630 9,680 112,380 55,340 10,680 102,470 60,690 8,980

BA
SI
N
 

ST
O
RA

G
E 

CH
AN

G
E

‐1,100 ‐1,280 ‐380 ‐1,230 ‐1,260 ‐260 ‐230 ‐700 ‐420 ‐1,590 ‐1,750 ‐40

Johnson 1 (in Rialto‐Colton Basin) 861.2 866.0 889.7 854.6
Flume 2 850.9 849.7 880.2 843.3
Flume 5 847.5 845.5 873.2 840.4
Average of 3 index wells 853.2 853.7 881.0 846.1
RA24 (CPC East Side) 850.2 848.5 871.8 842.5
RA21 (Twin Butte #6) 829.4 826.8 840.8 819.8
RA17 (#8) 833.1 826.7 854.7 820.7
RE9 (Mulberry) 755.5 753.1 763.7 745.5
RC1 (#14, 46th Street) 743.6 743.5 743.8 743.1
RD3 (Laura Lane) 739.7 743.6 741.6 735.5
A3 (Buchanan #1) 623.5 638.9 607.9 638.9
A21 (Water Tower) 737.7 728.3 736.3 728.3

Notes:
* ‐ Long‐term average is over the 43 years of simulation representing the long‐term hydrologic conditions of 1965 to 2007.
** ‐ Based on 2007 groundwater recharge and production data.
***‐ ASR On‐Channel  Facility recharge is not included in the water budget calculations of Riverside North Basin as this facility is located in Rialto‐Colton Basin.  Impact of ASR On‐Channel Facility is observed in changes in boundary inflow from Rialto‐Colton Basin to Riverside North Basin

Scenario 3 Scenario 4

Simulation

1969 Western 
Judgment Index 

Wells

Riverside North 
Basin

Scenario 2Existing Conditions Baseline

Long‐Term Average Groundwater Head (ft)*

Groundwater Production (AF/yr)

Groundwater Recharge at Recharge Facilities (AF/yr)

 Long‐Term Average Storage Change (AF/yr)*
(Storage Change = Inflow ‐ Outflow)

Subtotal

Subtotal

Flow Components
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Net Boundary Outflow (AF/yr)

Santa Aan River Gain (AF/yr)

Natural Groundwater Recharge (AF/yr)

Net Boundary Inflow (AF/yr)

Riverside South 
Basin

Arlington Basin
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Santa Ana River Annual Inflows and Outflow, (AFY)
Figure 12

April 2010

0

50,000

100,000

150,000

200,000

250,000

300,000

350,000

400,000

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

20
07

Fl
ow

, A
FY

Water Year

Inflow Colton WWTP Rialto WWTP RIX Outflow

(Inflow is the sum of streamflows measured at USGS gages at Lytle Cr, Warm Cr, and E St.  Outflow is measured at MWD Crossing.)



Slover

Victoria

Arlington

Tyler

Central

Iow
a

Magnolia
Riv

ers
ide

La Sierra

Van Buren

Limonite

Barton

Adams

Ma
in

Ma
rke

t

Mission

Hole

Wells

Ora
ng

e

Wa
ter

ma
n

Bro
ckt

on

Lo
cu

st

Pa
lm

Alessandro

Dewey

Wa
sh

ing
ton

3rd

Pierce

Grand

la 
Ca

de
na

Arm
stro

ng

Bellegrave

6th
Mo

un
t V

ern
on

H olmes

Monroe

68th

7th

Colorado

Marlborough

Hil
lsid

e

Re
dw

ood

Pigeon Pass

Rub idoux
Hermosa

Cloverdale Pa
rk

Martin Luther King

Schleisman

Valley

Cridge

Eti
wa

nd
a

Riverview

Av
on

Remington

Me
rid

ian

Mockingbird Canyon

Fa
irm

ou
nt

Mountain View

Linden

Merrill

Me
rid

ian
Me

rid
ian

Mo
un

t V
ern

on

Barton

Limonite

Monroe

Barton

Pigeon Pass

Ma
gn

olia

Van Buren

Iow
a

Eti
wa

nd
a

Bellegrave

Slover

Magnolia

Alessandro

Washington

Mission
Bellegrave

Pa
lm

Washington

Van Buren

Monroe

§̈¦10

§̈¦15

§̈¦215

§̈¦215

·|}þ91

·|}þ60

·|}þ60

·|}þ60

Legend
Highway
Roads
Model Boundary

Groundwater Elevation
650 - 680
681 - 710
711 - 740
741 - 770
771 - 800
801 - 830
831 - 860
861 - 890
891 - 920
921+

Figure 13
Initial Model 
Groundwater 

Elevations

²
0 1 2 3 40.5

Miles
Data Sources
•Groundwater Elevations Developed from Spring 1965
Water Level Data



Slover

Victoria

Arlington

Tyler

La Sierra

Central

Io
w

a

Magnolia

R
iv

er
si

de

Van Buren

Limonite

Barton

Adam
s

M
ai

n

M
ar

ke
t

Mission

W
at

er
m

an

Hole

Well
s

W
as

hi
ng

to
n

Or
an

ge

Br
oc

kto
n

Lo
cu

st

6th

Pa
lm

A
lessandro

Dewey

3rd

Pierce

Grand

la
 C

ad
en

a

Ar
m

st
ro

ng

Bellegrave

M
ou

nt
 V

er
no

n

Holmes

Monroe

68th

7th

Colorado

Marlborough

H
ill

si
de

Mockingbird Canyon

Re
dw

oo
d

Pigeon Pass

R
ubidoux

Hermosa

Cloverdale Pa
rk

Martin Luther King

Schleis man

Valley

Cridge

Et
iw

an
da

Harley John

Rivervie
w

Av
on

Remington

M
er

id
ia

n

Fa
irm

ou
nt

Mountain View

Linden

M
er

id
ia

n
M

er
id

ia
n

M
ou

nt
 V

er
no

n

Barton

Limonite

Monroe

Barton

Pigeon Pass

M
ag

no
lia

Van Buren

Io
w

a

Et
iw

an
da

Bellegrave

Magnolia

Alessandro

Mission

W
ashington

Bellegrave

Washington

Pa
lm

Van Buren

M
onroe

§̈¦10

§̈¦15

§̈¦215

§̈¦215

·|}þ91

·|}þ66

·|}þ60

·|}þ30

·|}þ60

·|}þ60

Legend
Highway

Roads

Boundary Condition Type
Model Grid - Active Cells

Constant Head

General Head

Horizontal Flow Barrier

Injection Wells

River

Extraction Wells

Figure 14
Boundary

Conditions

²
0 1 2 3 40.5

Miles

§̈¦215

§̈¦10

Riverside Narrows

Hole Lake

Arlington Narrows

Rialto Basin

Rialto-Colton Fault

San Jacinto Fault

Constand Head

River

§̈¦10

Chino Basin

Rialto-Colton Fault

Bunker Hill Basin



94

89
90

92

86

3

1

2

5

93

85

30

103

26

9

82

34

91

109

70

43

95

87

60

50

24

17

77

19

21

18

8
10

76

112

7

67

16

75

48

32

96

23

41

64

78

11

25

44

66

69

79

38

62

49

6

73

45

4

53

46

22

33

42

58

35

56

71

65

29

100

47

28

52

63

55

59

54

102

36

37

84

72

57

51

40

31

13

106

98

68

88

15

97

111

113

12

74

14

107

27

61

39

80

110

20

108

104

81

99

83

105

101

§̈¦10

§̈¦15

§̈¦215

§̈¦215

·|}þ91

·|}þ60

·|}þ60

·|}þ60

Figure 15
Subregions

and 
Small Watersheds

²
0 1 2 3 40.5

Miles

Legend
Highway

1969 Judgment Boundaries

Active Model Cells

Subregions

Santa Ana River

Small Watersheds

Stream and Flood Control Structure



9

1

6

3

32

2

0

1

78

22

15
17

#7

#2
#1

#7

10

#23

#21

#24

MILL

#18A

NO 1

CR #4

LV #2
LV #1
LV #3

RN #7

CR 4-A

RN #22
RN #21

RN #20

RN #17

MEEKS 1

RUSSELL

BRUNTON

DEBERRY

FLUME 5

FLUME 2

FLUME 3

FLUME 6

FLUME 4

1 HOUSE

VAUGHN 1

JURUPA 1
GARNER D

GARNER C
GARNER B

CIT ST 2 PALMYRTA

JURUPA 3

JURUPA 7

350"  #5

DISPOSAL

PALM AVE

PICO #64

JOHNSON 1

Russell C

#3 28TH ST

Irrigation

AGUA MANSA

1 AND HALF

HIGHGROVE 3

PLANT NO 25

PLANT NO 26

PLANT NO 19

Dom Pellisi

PALMYRITA #2

Main Pellisi VAN BUREN #2
VAN BUREN #1

Riv Canal 60

Sunnyslope #5

PEARSON MUTAL

#8, HIGHGROVE

#41

#4, Old Skotty

ELECTRIC Street

TWIN  BUTTE # 6

Moore Griffith #1

NO 1, W Riv Mutual

PL 18/Slover Mutual

PL 29 / Cram-Wright

§̈¦10

§̈¦215

§̈¦215

·|}þ66

Legend
Highway

Active Model Cells

Model Boundary

Santa Ana River

Model Area Wells by Agency
_̂ City of Colton

#* Private Pumpers

Riverside Highland

" City of Riverside

$+ Rubidoux CSD

%, Water Agencies with Min. Pumping

G West Valley Water Dist.

Service Areas
Colton

Rialto

RPU

Jurupa

Riverside Highland

Rubidoux

Terrace WC

West Valley

Figure 16
Groundwater

Extraction Wells
Riverside North Basin

Rialto-Colton Basin

²
0 0.5 1 1.5 20.25

Miles

City of Rialto

West Valley Water District

City of Colton

Riverside Highland 
Water Company

City of Riverside

Rubidoux CSD

Terrace
Water

Company



1

6
3

3
2

#4 Old Skotty

1

1

HQ

#7

#2 #1

#2

10

#18#17

#21

POLK

NO 1
MORI

FILL

NO 1

NO 1

RN#6

LV #2
LV #1

#8, HIGHGROVE

RN #7

GARNER C

HOLE 1

DALY 1

HOLE 2

ARMY 3
ARMY 1

DALY 2

MEGGSN

OLD #4

JENSEN

1ST ST

RN #22
RN #21

RNCH 1

RUSSELL, RUSSELL B,
 RUSSEL C

BRUNTON

11TH ST
FREEWAY

DEBERRY

TWIN SPRINGS 1&2

1 HOUSE

ISELIN 2
ISELIN 1

SANITARY

LEMONA 1MULBERRY

JURUPA 1
GARNER D

GARNER B

CUNHAM 2

GURNEY 1

PALMYRITA #2

PALM AVE

PICO #64

PIC LAK 8

HENDRICKS

GARNER #1 (T&G)

#3 28TH ST

#2, Troyer

PIC LAK 14

Irrigation

AGUA MANSA

1 AND HALF

#7, Daly #2

Olivewood 3
Olivewood 2

Olivewood 1

HIGHGROVE 3

Edmunds "D"

Dom Pellisi

#1-CRESTMORE

#14, 46th St

#13 HUNTER 6

#12, Airport

ORANGE ACRES

1, Palmyrita

Main Pellisi VAN BUREN #2 VAN BUREN #1

Sunnyslope #5

PEARSON MUTAL

1 (Rio Rancho)

#8, 34th & Daly

LINCOLN HEIGHTS

ELECTRIC Street

Moore Griffith #1

FAIRMOUNT PARK #1

NO 1, W Riv Mutual

#20 2-Ft Fremont SW#11 CLEMENTS (OLD 4)

§̈¦215

§̈¦215

·|}þ91

·|}þ60

·|}þ60

Legend
Highway

Active Model Cells

Model Boundary

Santa Ana River

Model Area Wells by Agency
#* Private Pumpers

Riverside Highland

" City of Riverside

$+ Rubidoux CSD

%, Water Agencies with Min. Pumping

Service Areas
Colton

RPU

Jurupa

Riverside Highland

Rubidoux

West Valley

Figure 17
Groundwater 

Extraction Wells
Riverside South Basin

²
0 0.5 1 1.5 20.25

Miles

Jurupa CSD

Rubidoux CSD

West Valley Water District
City of Colton

Riverside Highland
Water Company

City of Riverside

City of Colton



#*

#*

#*

#*

#*

"

"

"

"
"
"

#*

#*

#*

#*

#*

#*
#*#*#*

#*

#*

#*

#*#*

#*

#*

#*

#*

#*

"

"

""
"

"

""

"

"

"
"

"

"

"

X
X

X

X
X

POLK

HOLE 1

DUNLOP

WALTON

DALY 1

HOLE 2

ARMY 3

ARMY 1

DALY 2

ISELIN 2

ISELIN 1

WMWD-DS #1

WMWD-DS #2

WMWD-DS #5

WMWD-DS #3

WMWD-DS #4

BUCHANAN #2

BUCHANAN #1

Olivewood 3

Olivewood 2

Olivewood 1

ORANGE ACRES

HARRISON WASH

TWIN BUTTES 1

LINCOLN HEIGHTS

·|}þ91

Legend
Highway

Active Model Cells

Model Boundary

Santa Ana River

Model Area Wells by Agency
#* Private Pumpers

" City of Riverside

X Western Municipal Water Dist.

Service Areas
Corona

RPU

Home Gardens

WMWD

Figure 18
Model Well 
Locations

Arlington Basin

²
0 0.5 10.25

Miles

City of 
Corona

City of Riverside

Home Gardens
 CSD

Western Municipal Water District



0

1,000

2,000

3,000

4,000

5,000

6,000

7,000

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

20
07

A
nn

ua
l P

um
pi

ng
 (a

f)

Year

Groundwater Production from Wells in Rialto Colton Basin

Riverside Highland Colton Riverside Private

April 2010
Figure 19



0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

20
07

A
nn

ua
l P

um
pi

ng
 (a

f)

Year

Annual Groundwater Extraction from Wells in 
Riverside North Basin

Riverside (RPU) Riverside Highland
West Valley Water Agencies with Minumal Annual Production
Private Meeks & Daley
Colton RIX Extraction

April 2010

Figure 20



0

5,000

10,000

15,000

20,000

25,000

30,000

35,000

40,000

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

20
07

A
nn

ua
l P

um
pi

ng
 (a

f)

Year

Annual Groundwater Extraction from Wells in 
Riverside South Basin

Private Rubidoux Riverside Highland Riverside (RPU)

April 2010
Figure 21



0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

90,000

100,000

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

20
07

A
nn

ua
l P

um
pi

ng
 (a

f)

Year

Groundwater Production from Wells in Riverside Basin

RIX Extraction Water Agencies with Minimal Annual Production
Private West Valley
Rubidoux Riverside Highland
Riverside

April 2010
Figure 22



0

2,000

4,000

6,000

8,000

10,000

12,000

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

20
07

A
nn

ua
l P

um
pi

ng
 (a

f)

Year

Annual Groundwater Extraction from
Wells in Arlington Basin

Western (WMWD) Riverside (RPU) Private

April 2010
Figure 23



0

20,000

40,000

60,000

80,000

100,000

120,000

140,000

19
65

19
67

19
69

19
71

19
73

19
75

19
77

19
79

19
81

19
83

19
85

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

20
05

20
07

A
nn

ua
l P

um
pi

ng
 (a

f)

Year

Groundwater Production from Wells in Model Area

Riverside North Riverside South Arlington Rialto-Colton RIX Extraction

April 2010

Figure 24



§̈¦10

§̈¦215

§̈¦15

§̈¦215

§̈¦15

·|}þ91

·|}þ60

·|}þ60

Legend
Highway

Santa Ana River

Model Boundary

Active Model Area in Layer 1

Parameter Zones

Figure 25
Aquifer Property 

Zones
Layer 1

²
0 1 2 3 40.5

Miles

8

4

5

1

2
3

4

5



§̈¦10

§̈¦215

§̈¦15

§̈¦215

§̈¦15

·|}þ91

·|}þ60

·|}þ60

Legend
Highway

Santa Ana River

Model Boundary

Active Model Area in Layer 2

Property Zones

Figure 26
Aquifer Property

 Zones
Layer 2

²
0 1 2 3 40.5

Miles

6

10

8 7

11

16

15
9

12

13

16

1417

16



§̈¦10

§̈¦215

§̈¦15

§̈¦215

§̈¦15

·|}þ91

·|}þ60

·|}þ60

Legend
Highway

Santa Ana River

Model Boundary

Active Model Area in Layer 3

Property Zones

Figure 27
Aquifer Property 

Zones
Layer 3

²
0 1 2 3 40.5

Miles

12

18

16
21

20 19

23

24

25

22



##

#
# #

# ##

#

#
##

#

#

#

#

#

#

#
#

#

#

#

#

#

#

# #
# #

#

##

#
#

#

#

#

#

#

#
# #

#
#

#

#

R1

C7

C1

A8

A3 A1

RF7

RF5

RF2

RE9

RD4

RD3

RD2

RD1

RC4

RC3

RC1

RB9

RB7RB5

RB3RB2

RB1

RA9

RA7

RA4

C12

A24
A23

A21

A19

A18
A17A16

A15A12

RF10

RE13RE12

RB12 RB11 RA24

RA21

RA17

RA16

RA11
RA10

§̈¦10

§̈¦15

§̈¦215

§̈¦15

§̈¦215

·|}þ91

·|}þ60

·|}þ60

Legend
Highway

Santa Ana River

Model Boundary

# Calibration Wells

Figure 28
Calibration Wells

²
0 1 2 3 40.5

Miles



950

1000

Arlington Basin

Rialto Colton Basin

800

850

900

at
io

n 
(fe

et
)

Rialto-Colton Basin

Riverside Basin

700

750

dw
at

er
 E

le
va

550

600

650

ul
at

ed
 G

ro
un

500

550

500 550 600 650 700 750 800 850 900 950 1000

Si
m

u

Measured Groundwater Elevation (feet)

April 2010
Figure 29

Comparison of Simulated and Measured Heads for
All Calibration Wells



0.0% 0.1% 0.0% 0.1% 0.1% 0.2% 0.5%
1.3%

2.7%

6.6%

9.7%

17.8%

16.3%

10.1%

8.7%

7.4%

5.8%

4.2%

2.4%

1.5%
2.2%

1.1%
0.7% 0.4% 0.0%

0

100

200

300

400

500

600

700

800

900

-60 -55 -50 -45 -40 -35 -30 -25 -20 -15 -10 -5 0 5 10 15 20 25 30 35 40 45 50 55 60

Fr
eq

ue
nc

y

Residual (feet)

Histogram of Residuals Between Simulated and Measured 
Groundwater Elevations

April 2010
Figure 30 



85
0780

760

77
0

870
910

890

750

920

740730

93
0

680

720

710

70
0

690

940

670

850

830

75
0

840

740

83076
0

820

830

740

780

940

770

800

840

80
0

75
0

760

780
810

790

71
0

770

82
0

870

830

760

760

770

780

830

810

870

860

84
0

84
0

800

850

790

850

800

842

844

798

774

750

769

773

783

749

837
839

836837

854

760

736

895

855

877

824

783

907

910

907

909

684

675

742
764

767

717

698
833703

688

809

§̈¦10

§̈¦15

§̈¦215

§̈¦215

·|}þ91

·|}þ60

·|}þ60

·|}þ60

Legend
Highway

Santa Ana River

Simulated Groundwater Elevation Contour

Observed Groundwater Elevation

Figure 31a
Simulated and 

Observed
Groundwater 

Elevations
(1999 - Dry)

²
0 1 2 3 40.5

Miles



830

80
0

85
0

780

77
0

760

870

900

75
0

880

910

740

92
0

730

670

660

720

710
700 930

690680

780

840

820

90
0

740

820

760
770

800

81
0

830790

77
0

85
0

850

740

820

71
0

81
0

790

850

82
0

860

860

840

760

830

800

860

750

790

800

810

820

76
0

770

830

83
0

850

780

830

833

835

775

749

762

769

764

750

837

833833

853

790

755

736

885

851

864

821

782

901

897

900

890890

670

663

741
763

760

718

686
828694

679

809

§̈¦10

§̈¦215

§̈¦15

§̈¦215

·|}þ91

·|}þ60

·|}þ60

Legend
Highway

Santa Ana River

Simulated Groundwater Elevation Contour

Observed Groundwater Elevation

Figure 31b
Simulated and 

Observed
Groundwater 

Elevations
(2001 - Normal)

²
0 1 2 3 40.5

Miles



81
0

850

80
0

860

76
0

88
0

75
0

900

740

730

650

64
0

720

710

690

700

680

660

950

670

980

70
0

950

860

890

820

90
0

790

770

830

770

720

74
0

820

810

90
0

770

93
0

91
0

840

880

780

790

89
0

830

83
0

900

860

740

85
0

780

84
0

850

85
0

810

90
0

800

880

760

880

890

820

880

820

800

710

880

950

880

900

81
0

75
0

75
0

790

860

730

800

850

730

870

850

850

900

780

840

80
0

86
0

760

87
0

90
0

840

90
0

823

815

757

748

768

766

755

749

846
871

847

879

824

783

883

881

880

877

658

653

740
758

757

702

677
826682

680667667

804

81
0

82
0

830

84
0

85
0

80
0

860

790

780

770

760

870

88
0

890

75
0 90

0

910

740

930

730

65
0

720640

94
0

710

700660

870

780

88
0

750

82
0

880

830

800

900

770

770

75
0

83
0

780
78

0

740

83
0

840

760

860

800

810

860

720

820

820

820

790

820

870 880

850

880

730

810

820

860

730

91
0

740

840

89
0

780

760

770

90
0

850

890

§̈¦10

§̈¦15

§̈¦215

§̈¦15

§̈¦215

·|}þ91

·|}þ60

·|}þ60

Legend
Highway

Santa Ana River

Simulated Groundwater Elevation Contour

Observed Groundwater Elevation

Figure 31c
Simulated and 

Observed
Groundwater

Elevations
(2005 - Wet)

²
0 1 2 3 40.5

Miles



!(!(

!(
!( !(

!( !(
!(

!(

!(

!(!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!( !(

!(
!(

!(

!(
!(

!(

!(

!(

!(

!(

!(

!(

!(
!(

!(

!(

!(

!(

!(

5

16

-3

-9

-5

-2

-6

2.4

5.8

4.7

2.7

0.9

0.9

0.7

7.5

-12

9.3

25.1

-3.3

-3.7

-4.5

-7.1

-4.2 15.7

13.9

-3.8-7.4

-5.9

-4.3

-1.3

-1.9

-9.6

-6.1
-6.9

-9.8

-6.4

-2.9

-1.1
-0.7

11.4

-5.1

-15.4

-10.5

-10.2

-13.5

16.8

20.8

§̈¦10

§̈¦15

§̈¦215

§̈¦215

·|}þ91

·|}þ60

·|}þ60

Legend
Highway

Model Boundary

Santa Ana River

Mean Residuals at Calibration Wells (feet)
!( ± (0 - 5)

!( ± (5 - 10)

!( ± (10 - 15)

!( ± (15 - 20)

!( ± (> 20)

Figure 32
Mean Residuals

²
0 1 2 3 40.5

Miles



Figure 33
May 2010

Groundwater Budget for Riverside North Basin*
(1996-2007 Average Conditions) 

* RIX and WMWD Desalters are active from 1996 to 2007.
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Figure 34
May 2010

Groundwater Budget for Riverside South Basin
(1996-2007 Hydrologic Conditions)

*RIX and WMWD Desalters are active from 1996 to 2007.
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Figure 35
May 2010

Groundwater Budget for Arlington Basin*
(1996-2007 Hydrologic Conditions)

*RIX andWMWD Desalters are active from 1996 to 2007.
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Figure 40
April 2010Sensitivity to Hydraulic Conductivity at the

Model Boundary with the Rialto Basin



Figure 41
November 2010

Groundwater Budget for Riverside North Basin 
Existing Conditions Baseline

(Average Hydrologic Conditions, 1965-2007) 
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Figure 42
November 2010

Groundwater Budget for Riverside South Basin
Existing Conditions Baseline

(Average Hydrologic Conditions, 1965-2007)
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(Note: Streamflow data is not available for 
1965 to 1969 period)
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Figure 43
November 2010

Groundwater Budget for Arlington Basin
Existing Conditions Baseline

(Average Hydrologic Conditions, 1965-2007)
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(a) Long-term Normal (1965-2007) 

 
 

(b) Short-term Normal (1979-2007) 
 
 

Figure 44 – Selected Hydrological Conditions 

Long



  

  

 
(c) Long-term Wet (1991-1998) 

 
(d) Short-term Wet (1978-1983) 

 
 

Figure 44 – Selected Hydrological Conditions (continued) 

(c) Long



  

  

 
(e) Long-term Dry (1970-1977) 

 
(f) Short-term Dry (1984-1990) 

 
 

Figure 44 – Selected Hydrological Conditions (continued) 

 

(e) Long
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Figure 45
Proposed Projects for

Scenario 2
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Figure 46A
Initial Groundwater Elevations

for Existing Conditions Baseline
and All Scenarios
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Figure 46B
Simulated Groundwater Elevations

for Existing Conditions Baseline
(End of Simulation Year 43)
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Figure 47
Simulated Groundwater Elevations

for Scenario 2
(End of Simulation Year 43)
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Figure 48
Change in Groundwater Elevation

for Scenario 2
(End of Simulation Year 43)
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Figure 49a - Simulated Groundwater Elevation for Calibration Well RA24 (CPC East Side) - Riverside North 
Basin 

Baseline Scenario 2 Scenario 3 Scenario 4
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Figure 49b - Simulated Groundwater Elevation for Calibration Well RA17 (8) - Riverside North Basin 

Baseline Scenario 2 Scenario 3 Scenario 4
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Figure 49c - Simulated Groundwater Elevation for Calibration Well RF10 (Curtis) - Riverside North Basin 

Baseline Scenario 2 Scenario 3 Scenario 4
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Figure 49d - Simulated Groundwater Elevation for Calibration Well RA21 (Twin Butte #6) - Riverside North 
Basin 

Baseline Scenario 2 Scenario 3 Scenario 4
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Figure 49e - Simulated Groundwater Elevation for Calibration Well RB5 (Santa Fe Elextric-A1) - Riverside 
North Basin 

Baseline Scenario 2 Scenario 3 Scenario 4
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Figure 49f - Simulated Groundwater Elevation for Calibration Well RA11 (#3, 28th St) - Riverside South Basin 

Baseline Scenario 2 Scenario 3 Scenario 4
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Figure 49g - Simulated Groundwater Elevation for Calibration Well RE9 (Mulberry) - Riverside South Basin 

Baseline Scenario 2 Scenario 3 Scenario 4
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Figure 49h - Simulated Groundwater Elevation for Calibration Well RC1 (#14, 46th St) - Riverside South Basin 

Baseline Scenario 2 Scenario 3 Scenario 4
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Figure 49i - Simulated Groundwater Elevation for Calibration Well RD3 (Laura Lane) - Riverside South Basin 

Baseline Scenario 2 Scenario 3 Scenario 4
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Figure 49j- Simulated Groundwater Elevation for Calibration Well RF2 (Palmyrita 1) - Riverside South Basin 

Baseline Scenario 2 Scenario 3 Scenario 4
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Figure 49k - Simulated Groundwater Elevation for Calibration Well A21 (Water Tower) - Arlington Basin 

Baseline Scenario 2 Scenario 3 Scenario 4
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Figure 49l- Simulated Groundwater Elevation for Calibration Well A16 (Doi) - Arlington Basin 

Baseline Scenario 2 Scenario 3 Scenario 4
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Figure 49m - Simulated Groundwater Elevation for Calibration Well A3 (Buchanan #1) - Arlington Basin 

Baseline Scenario 2 Scenario 3 Scenario 4
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Figure 50a - Simulated Groundwater Elevation for 1969 Western Judgement Index Wells  
(Johnson Well in Rialto-Colton Basin) 

Baseline Scenario 2 Scenario 3 Scenario 4 25' BGS (933 ft)
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Figure 50b - Simulated Groundwater Elevation for 1969 Western Judgement Index Wells  
(Flume Well 2- Riverside North Basin) 

Baseline Scenario 2 Scenario 3 Scenario 4 25' BGS (917 ft)
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Figure 50c - Simulated Groundwater Elevation for 1969 Western Judgement Index Wells 
(Flume Well 5 - Riverside North Basin) 

Baseline Scenario 2 Scenario 3 Scenario 4 25' BGS (894 ft)



750

770

790

810

830

850

870

890

910

930

950
0 3 6 9

1
2

1
5

1
8

2
1

2
4

2
7

3
0

3
3

3
6

3
9

4
2

G
ro

u
n

d
w

at
e

r 
El

e
va

ti
o

n
 (

ft
) 

Simulation Year 

Figure 51 - Average Simulated Groundwater Elevations for 1969 Western Judgement Index Wells 
(Flume Well 2, Flume Well 5, and Johnson 1) 

Baseline Scenario 2 Scenario 3 Scenario 4 Compliance Level
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Figure 52
Proposed Projects for

Scenario 3
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Figure 53
Simulated Groundwater Elevations

for Scenario 3
(End of Simulation Year 43)
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Figure 54
Change in Groundwater Elevation

for Scenario 3
(End of Simulation Year 43)
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Figure 55
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Figure 56
Simulated Groundwater Elevations

for Scenario 4
(End of Simulation Year 43)
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Figure 57
Change in Groundwater Elevation

for Scenario 4
(End of Simulation Year 43)
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Appendix A - Hydrographs for Calibration Wells 
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Feet above MSL Feet above MSL # Depth to Top 
(ft) Depth to Bottom (ft)

A1 03S06W24Q01s Abraham WEI 817 799 

A3 03S06W22K01 BUCHANAN 
#1

GeoTrans/W
EI 696 653 1 32 100 

A4 03S06W22K04 Twin Buttes 1 692 651 

A8 03S06W22G Pierce St 
Sewer 3 699 656 

A12 03S06W14Q01 Walton 719 663 
A15 03S06W13N02 Daly 2 GeoTrans 725 679 
A16 DOI 719 675 1 310 410 

A17 03S05W17K02 Jackson WEI 879 828 

A18 03S06W13E05 POLK WEI 715 677 

A19 03S06W13B02 Hole 2 GeoTrans 755 709 1 110 162 

A21 03S05W08E02 Water Tower WEI 785 758 

A23 03S05W08B02 Irrigation WEI 804 760 
A24 03S05W06Q03 ARMY 3 WEI 751 742 

C1 01S04W28K02 CR 4A USGS 947 889 1 18 185 

C7 01S04W21Q03 JOHNSON 1 USGS 959 882 1 194 596 

C12 01S04W16P04 Fault 13 1,016 857 

R1 01S04W17M01 Patterson 1,069 890 

RA4 02S05W20J02 #16 HUNTER 742 737 1 25 70 

RA7 02S05W16R01 1 (Rio 
Rancho) 768 753 1 55 68 

RA9 02S05W14E01 FAIRMONT 
PARK  2 CH2M 800 782 1 62 205 

RA10 02S05W14D01 Irrigation CH2M 800 781 
RA11 02S05W10P01 #3 28TH ST CH2M 863 782 1 170 134 

RA16 01S05W35R01
Double D 

Ranch CH2M 876 823 

RA17 01S04W32E11 8 904 881 1 20 388 
1 50 130 
2 130 280 

RA24 01S04W30A
CPC East 

Side 973 876 

RB1 02S05W03A01 58-1 CH2M 953 819 

RB2 01S05W34L02 8TH ST CH2M 958 821 

RB3 01S05W35G02 1, Agua 
Mansa CH2M 922 846 

RB5 01S05W33A01 Santa Fe 
Elextric A-1 CH2M 1,004 832 

RB7 01S05W35D01 1 CH2M 968 836 1 55 68 
1 130 178 
2 188 200 

RB11 01S05W25A03 CPC #6 CH2M 1,014 880 

RB12 01S05W23Q01 PL 29 / Cram-
Wright 1,020 851 1 162 236 

RC1 02S05W20A01 #14, 46th St 755 748 

RC3 02S05W17K01 NA CH2M 807 745 

1 131 136 
2 143 280 

RD1 03S05W09E01 LINCOLN 
HEIGHTS 856 768 

1 124 138 
2 150 168 

RD3 02S05W32Q Laura Lane 768 749 

RD4 02S05W32B01 RR 1 CH2M 781 742 

RE9 02S05W23J01 MULBERRY GeoTrans/CH
2M 872 777 1 143 300 

RE12 02S05W23F01 NA CH2M 843 773 

RE13 02S04W19E01 NA CH2M 929 785 

1 192 226 
2 232 244 

RF5 02S04W08M01 RN #21 1,000 827 
1 130 204 
2 216 222 
3 302 342 

RF10 01S04W32Q02 Curtis CH2M 1,000 834 1 

RF7 02S04W06R05 Riv Canal 
62/CE #3 942 831 

Management Zone - Riverside F

Management Zone - Riverside E

879 754 RD2 03S05W03F01 ORANGE 
ACRES

Management Zone - Riverside D

902 755 RC4 02S05W08G03 Sunnyslope 
#5

Management Zone - Riverside C

960 891 RB9 01S05W25L02 DISPOSAL CH2M

Management Zone - Riverside B

880 854 RA21 01S05W25R04 TWIN 
BUTTES  6 CH2M

Management Zone - Riverside A

Management Zone - Rialto

Management Zone - Colton

Management Zone - Arlington

Well Screen Interval
Active Years

Model Caibration Wells

ID State Well No. Local Name
Is Well used 

in other 
model?

Ground Surface 
Elevation

2006 Groundwater 
Elevation

RF2 02S04W07N01 PALMYRITA 
1 GeoTrans 892 787 



 



Riverside Hydrographs 

Groundwater Elevations for Calibration Well # RA4(#16 HUNTER)
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Groundwater Elevations for Calibration Well # RA7(1 (Rio Rancho))
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Groundwater Elevations for Calibration Well # RA9(FAIRMONT PARK  2)
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Groundwater Elevations for Calibration Well # RA10(Irrigation)
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Groundwater Elevations for Calibration Well # RA11(#3 28TH ST)
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Groundwater Elevations for Calibration Well # RA16(Double D Ranch)
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Groundwater Elevations for Calibration Well # RA17(8)
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Groundwater Elevations for Calibration Well # RA21(TWIN BUTTES  6)
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Groundwater Elevations for Calibration Well # RA24(CPC East Side)
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Groundwater Elevations for Calibration Well # RB1(58-1)
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Groundwater Elevations at Calibration Well # RB2(8TH ST)
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Groundwater Elevations for Calibration Well # RB3(1 Agua Mansa)

Observednmlkji Simulatednmlkji

Date
1/31/1965 7/1/1968 3/1/1972 1/30/1976 1/30/1980 1/30/1984 1/30/1988 1/30/1992 1/30/1996 1/30/2000 1/30/2004

G
ro

un
dw

at
er

 E
le

va
tio

n 
(f

t, 
M

SL
)

940

920

900

880

860

840

820

800

780

760

 



Groundwater Elevations for Calibration Well # RB5(Santa Fe Elextric A-1)
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Groundwater Elevations for Calibration Well # RB7(1)
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Groundwater Elevations for Calibration Well # RB9(DISPOSAL)
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Groundwater Elevations for Calibration Well # RB11(CPC #6)
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Groundwater Elevations for Calibration Well # RB12(PL29 Cram Wright)
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Groundwater Elevations for Calibration Well # RC1(#14, 46th St)
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Groundwater Elevations for Calibration Well # RC3(NA)
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Groundwater Elevations for Calibration Well # RC4(Sunnyslope #5)

Observednmlkji Simulatednmlkji

Date
1/31/1965 7/1/1968 3/1/1972 1/30/1976 1/30/1980 1/30/1984 1/30/1988 1/30/1992 1/30/1996 1/30/2000 1/30/2004

G
ro

un
dw

at
er

 E
le

va
tio

n 
(f

t, 
M

SL
)

840

820

800

780

760

740

720

700

680

660

 



Groundwater Elevations for Calibration Well # RD1(LINCOLN HEIGHTS)
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Arlington Hydrographs 
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Rialto-Colton Hydrographs 
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Riverside-Arlington Groundwater Flow Model   Appendix B – Review 
Comments and Responses 

March 2011  B-1  
   

COMMENTS AND RESPONSES ON DEVELOPMENT OF  RIVERSIDE-ARLINGTON NUMERICAL GROUNDWATER FLOW MODEL 

(RAGFM) 

GEOSCIENCE  
 
Comment 
Number 

Reference Comment Response 

1 Water 
Budget 
Tables 
11, 12, 
and 13 

The water budgets shown in Tables 11, 12 and 13 are not 
consistent with the model output files.  These tables 
show approximately 8,000 acre-ft/yr of water in storage 
more as compared to the model output files. 

Comment noted.  The inconsistency was due to 
an accounting error in the post-processing of 
model results for outflow to Chino Basin.  The 
water budget tables were corrected to be 
consistent with the model output files.   

2 Figures 
19-24 

The ground water pumping values shown in Figures 19-
24 are not consistent with the pumping values shown in 
Table 4. 

Comment noted.  Figures 19-24 and Table 4 were 
updated to reflect the latest pumping data that 
are in the model input files. 

3 NA The specified head of General Head Boundary used to 
simulate the underflow from northern portion of Rialto-
Colton Bain is not the same uniformly throughout the 
boundary line.  This is not consistent with the published 
ground water elevation contours. Those published 
ground water elevation contours show a head difference 
of 25 to 50 ft along this boundary line. 

Comment noted.  The general head boundary 
was adjusted to reflect a 45 ft of head gradient 
along the Rialto Basin general head boundary.  
As shown in Figure 31, the contours in Rialto 
Basin reflect the gradient along this boundary.  
The flow direction is parallel to the fault and 
towards the Santa Ana River and then towards 
the Riverside North through the fault. 

 



  

March 2011  B-2  

 
Comment 
Number 

Reference Comment Response 

4 NA The hydraulic characteristic (i.e. the barrier hydraulic 
conductivity divided by the width of the barrier) of the 
General Head Boundary used to simulate the underflow 
from the Rialto-Colton Bain to the Riverside North Basin 
is the same uniformly throughout the Rialto-Colton 
Fault.  Based on water level contours there is a change 
ranging from 25 – 50 ft.  The model results also show 
approximately 4 ft head difference across the fault.  This 
is not consistent with the published groundwater 
elevation contours. Those published groundwater 
elevation contours show a difference of 25 to 100 ft head 
difference across the fault northwest of the Slover 
Mountain.  The barrier effect is less southeast of the 
Slover Mountain. 

Comment noted.  The hydraulic characteristic of 
the Rialto-Colton Fault was adjusted to create a 
larger head gradient across the fault.  The head 
difference across the fault increases from Slover 
Mountain towards the Chino Basin boundary.  
The maximum head difference across the fault is 
approximately 70 ft (Figure 31). 
 

5 NA Need to explain why the return flow from irrigation 
application was significantly increased in wet years.  
Seems to us that they would irrigate less in wet years. 

Comment noted.  The total deep percolation rates 
in the water budget tables are correct. However, 
the impact of hydrology is masked as the long-
term average ratios of deep percolation from 
agricultural and urban areas (as calculated from 
the IDC model) were used to show the 
components of deep percolation.  The monthly 
rates of deep percolation components (as 
calculated by the IDC model) rather than the 
long-term average ratios were used.  The effect of 
hydrology on irrigation application rates are 
reflected in the water budget tables. 

6 NA Minor editorial comments. No editorial comments were received.  



  

March 2011  B-3  

City of Riverside 
 
Comment 
Number 

Reference Comment Response 

1 Figure 1 Label model boundary features on Figure 1. Figure 1 updated to reflect the additional 
boundary features. 

2 Page 2 Why metric system was used for model coordinates. Text updated to replace reference to “NAD 83 
UTM Zone 11, metric Easting and Northing” 
with  “NAD 83 State Plane Zone 6 with Easting 
and Northing in feet “. 

3 Figure 7 X-axis label and cross section A-A’ label are missing. Figure 7 updated as appropriate. 

4 Figure 8 X-axis label is missing. Figure 8 updated as appropriate. 

5 Text on 
Page 4 

and 
Table 1 

Additional information is needed about model 
boundaries. 

Text and Table 1 updated and additional 
information is provided about model boundaries. 

6 Page 6 
and 

Figure 15 

Figure 15 and text on page 6 are confusing. Text on page 6 and Figure 15 updated. 

7 Figures 
16 and 17 

Well labels are strange. Figures 16 to 18 updated as appropriate. 

8 Page 7 Why Ss values are uniform?  Comment noted.  Aquifer storage in the 
Riverside and Arlington Basins is mostly 
controlled by Sy.  

9 Page 7 
and 

Figures 
25 to 27 

Parameter zone labels are not consistent. Comment noted. Figures 25 to 27 updated as 
appropriate. 



  

March 2011  B-4  

Comment 
Number 

Reference Comment Response 

10 Pages 9 
and 10 

and 
Table for 
Residual 
Statistics 

Questions about calibration residuals statistics. Comments noted.  Text and Table were revised 
as appropriate. 

11 Appendix 
A  

Add key to hydrographs of Appendix A. Comments noted. Hydrographs updated as 
appropriate. 

12 Figure 33 Need a breakdown of components for underflow from 
Rialto-Colton Bsin. 

Figure 33 updated as appropriate. 

13 NA Editorial comments. Text updated to reflect the editorial comments. 
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Western Municipal Water District 
 
Comment 
Number 

Reference Comment Response 

1 Page 2 

Why metric system was used for model coordinates. Text updated to replace reference to “NAD 83 
UTM Zone 11, metric Easting and Northing” 
with  “NAD 83 State Plane Zone 6 with Easting 
and Northing in feet “. 

2 

Text on 
Page 4 

and 
Table 1 

Additional information needed about model boundaries. Text and Table 1 updated and additional 
information is provided about model boundaries. 

3 Table 7 Remove Table 7 (Calibration Targets) and revise text. Table and text updated as appropriate. 

4 Page 12 
Why a sensitivity analysis is needed? Comment noted. Text updated with appropriate 

explanation. 

5 
Figures 
36 to 40 

Additional information needed about sensitivity 
analysis. 

Comment noted. Text and Figures updated as 
appropriate. 

6 NA Editorial comments. Text updated to reflect the editorial comments. 
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 1 

INTRODUCTION 

 
This study analyzes the forecast truck traffic impact of the proposed Riverside North Aquifer 

Storage and Recovery Project.  The project proposes hauling an estimated 400,000 yards of 

material from the project site to a landfill.  This study evaluates the truck traffic impacts for two 

potential landfill locations where the excavated material may be transported.  The project site is 

located south of Interstate 10 and west of Interstate 215 in the City of Colton, abutting the Santa 

Ana River.  Exhibit 1 shows the regional project vicinity.  

 

As required by the City of Colton, this traffic impact study has been prepared in accordance with the 

San Bernardino County Congestion Management Program (CMP) traffic impact study guidelines 

(Appendix C). Passenger car equivalency factors (PCEs) published by the San Bernardino 

Association of Governments (SANBAG) were applied to convert truck traffic to passenger vehicle 

equivalents.  As specified by SANBAG, heavy-duty trucks should use a PCE factor of 3.0. 

Therefore, all truck trips calculated in this analysis were multiplied by 3.0 to derive traffic levels in 

PCE’s.   

 

Project Description 
 

The project site is located south of Interstate 10 and west of Interstate 215 in the City of Colton, 

abutting the Santa Ana River. In order to construct the proposed Riverside Aquifier Storage and 

Recovery Project, a maximum of approximately 400,000 cubic yards of material will need to be 

hauled from the site to a landfill.  The destination landfill alternatives being evaluated include the 

Agua Mansa Landfill, located at 588 Agua Mansa Road in the City of Rialto, and the San Timoteo 

Sanitary Landfill located on San Timoteo Canyon Road in the City of Redlands.   

 

Truck traffic will gain access to and from the site directly from Mount Vernon Avenue (at two 

locations on either side of the Santa Ana River Bridge) and from Fogg Street.  Materials will be 

hauled from the site to either the Agua Mansa or San Timoteo landfill.  The duration of the materials 

export is anticipated to take between 2.6 and 12.5 months, depending on the type of truck utilized 

for the export and the landfill location that will be selected.   

 

Exhibit 2 shows the site map for the Riverside North Aquifer Storage and Recovery Project.   

 

Note: This analysis assumes a worst-case scenario in which all 400,000 cubic yards of materials 

will be hauled from the project site to a landfill.  However, it is likely that development sites within 

the region in need of fill materials would purchase fill from the project site, thereby reducing the 

amount of materials that would need to be exported to a landfill.  It is also likely that truck trips 

between the project site and any development sites in need of fill would occur on the I-10 freeway. 

However, these trips would be negligible and would not result in any noticeable change in freeway 

operations. 
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 4 

Study Area 

 

The study area intersections were selected based on the two truck route alternatives to and from 

two potential landfill locations: Agua Mansa Landfill and San Timoteo Landfill.  The following 18 

intersections were identified for inclusion in this traffic impact analysis: 

  

1. South Rancho Avenue / Agua Mansa Road 

2. South Rancho Avenue / I-10 Eastbound Ramps 

3. South Rancho Avenue / I-10 Westbound Ramps 

4. North Rancho Avenue / West Valley Boulevard 

5. North La Cadena Drive / East Valley Boulevard 

6. North Mount Vernon Avenue / East Valley Boulevard / I-10 Westbound On-Ramp 

7. South Mount Vernon Avenue / I-10 Eastbound Ramps 

8. South Mount Vernon Avenue / East M Street 

9. South Mount Vernon Avenue (West of I-215) / East Washington Street 

10. South Mount Vernon Avenue (East of I-215) / East Washington Street 

11. East Washington Street / East Barton Road-South Cooley Drive 

12. East Washington Street / Reche Canyon Road 

13. East Washington Street / South Hunts Lane 

14. East Washington Street-Barton Road / South Waterman Avenue 

15. Barton Road / Anderson Street 

16. Barton Road / Mountain View Avenue 

17. Barton Road / California Street 

18. Barton Road / San Timoteo Canyon Road 

 

Study intersections #1 through #14 are located within the City of Colton. Study intersections #15 

through #17 are located within the City of Loma Linda, and study intersection #18 is located within 

the City of Redlands.   

 

The study area for the Agua Mansa Landfill alternative, which is shown in Exhibit 3A, includes study 

intersections #1 through #8.  The San Timoteo Landfill alternative, which is illustrated in Exhibit 3B, 

includes study intersections #8 through #18. 
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ANALYSIS METHODOLOGY 
 

Analysis Scenarios 
 

In accordance with the City of Colton and the San Bernardino County CMP, this study analyzes the 

following scenarios: 
 

 Existing Conditions: Analysis of existing traffic count volumes, intersection geometry and 

existing roadway network. 

 Existing Pl us Project Conditions – Agua  Mansa Landfill Alternati ve: Analysis of 

existing traffic volumes overlaid with traffic generated by truck hauling activities associated 

with the Riverside North Aquifer Storage and Recovery Project, to and from the Agua 

Mansa Landfill. The existing intersection geometry and roadway network were used in this 

analysis.   

 Existing Pl us Project Conditions – San Ti moteo Landfill Altern ative: Analysis of 

existing traffic volumes overlaid with traffic generated by truck hauling activities associated 

with the Riverside North Aquifer Storage and Recovery Project, to and from the San 

Timoteo Landfill. The existing intersection geometry and roadway network were used in this 

analysis.   
 

Intersection Analysis Methodology 
 

As required by the San Bernardino CMP, the 2000 Highway Capacity Manual (HCM) operation 

methodology for Signalized and Unsignalized Intersections was used to determine the operating 

Levels of Service (LOS) of the study intersections.  The TRAFFIX software package was used as 

an interface to evaluate the study intersections using the HCM methodology.  The HCM 

methodology describes the operation of an intersection using a range of levels of service (LOS) 

from LOS A (free-flow conditions) to LOS F (severely congested conditions), based on 

corresponding delay per vehicle thresholds for signalized and unsignalized intersections shown in 

Table 1.   
 

Table 1 
Intersection Level of Service & Delay Ranges 

 

 
LOS 

Delay (seconds/vehicle) 
Signalized Intersections Unsignalized Intersections 

A < 10.0 < 10.0 

B > 10.0 to < 20.0 > 10.0 to < 15.0 

C > 20.0 to < 35.0 > 15.0 to < 25.0 

D > 35.0 to < 55.0 > 25.0 to < 35.0 

E > 55.0 to < 80.0 > 35.0 to < 50.0 

F > 80.0 > 50.0 

Source: 2000 Highway Capacity Manual. 

 

The following are the acceptable level of service standards according to the current General Plan 

Mobility/Circulation Elements for the three jurisdictions within the study area: 
 

 City of Colton: Maintain LOS D or better at all intersections. 

 City of Loma Linda: Maintain LOS C or better at all intersections. 

 City of Redlands: Maintain LOS C or better at all intersections. 
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EXISTING CONDITIONS 
 

Existing Roadway Circulation System 
 

A detailed field review was conducted to determine the existing intersection geometry, traffic control 

devices, signal phasing and other factors, which may affect intersection or roadway segment 

capacity.  The existing study intersection lane geometries are illustrated in Exhibits 4A and 4B.  The 

following is a detailed description of roadways in the study area: 

 

Agua Mansa Road is classified as a Major Arterial in the City of Colton General Plan Mobility 

Element. Through the project study area, Agua Mansa Road is currently built with two travel lanes. 

The posted speed limit is 45 miles per hour (mph).  Agua Mansa Road is a designated truck route 
 

Rancho Avenue is classified as a Major Arterial in the City of Colton General Plan Mobility Element. 

Through the project study area, Rancho Avenue is oriented in a north-south direction.  Rancho 

Avenue is currently built with four lanes except for a short section between I-10 and N Street, where 

one southbound lane and two northbound lanes are currently provided. The posted speed limit is 45 

mph.  Rancho Avenue is a designated truck route south of Valley Boulevard. 

 

Valley Boulevard is classified as a Major Arterial in the City of Colton General Plan Mobility 

Element, and is currently built with four lanes through the project study area.  Valley Boulevard is 

oriented in an east-west direction.  East of Mount Vernon Avenue, Valley Boulevard narrows to two 

lanes and bends northward, transitioning to Sperry Drive.  The posted speed limit is 35 mph. The 

City of Colton General Plan Mobility Element designates Valley Boulevard as a Transit Street 

between Pepper Avenue and 8th Street.  Valley Boulevard is a designated truck route within the City 

of Colton.  

 

Mount Vernon Avenue is classified as a Major Arterial in the City of Colton General Plan Mobility 

Element.  Through the project study area, Mount Vernon Avenue is oriented in a north-south 

direction. Mount Vernon Avenue is currently built with four travel lanes north of I-10 and narrows to 

two lanes south of I-10 across the Santa Ana River channel.  South of the Santa Ana River, Mount 

Vernon Avenue is currently constructed with six travel lanes to Washington Street.  The posted 

speed limit is 35 mph.  Mount Vernon Avenue is a designated truck route within the City of Colton.  

 

Washington Street is classified as a Major Arterial in the City of Colton General Plan Mobility 

Element, and is currently built with four lanes through the project study area.  Washington Street is 

oriented in an east-west direction, and transitions to Barton Road east of the Colton-Loma Linda city 

boundary.  The posted speed limit on Washington Street is 40 mph. Mount Vernon Avenue is a 

designated truck route within the City of Colton.  

 

Barton Road is classified as a four-lane Divided Highway in the City of Loma Linda General Plan 

Circulation Element, and is currently built with four lanes through the project study area.  Barton 

Road is oriented in an east-west direction, and transitions to Washington Street west of the Colton-

Loma Linda city boundary.  The posted speed limit is 45 mph from Waterman Avenue to Mountain 

View Avenue. East of Mountain View Avenue, the posted speed limit on Barton Road is 55 mph.  

Barton Road is a designated truck route within the City of Loma Linda.  
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Existing Conditions Data Collection 

 

To determine the existing operations of the study intersections, intersection turning movement 

counts were collected on a typical weekday during the a.m. (7:00 to 9:00 a.m.) and p.m. (4:00 to 

6:00 p.m.) peak period in September 2014.  The counts were collected by vehicle classification to 

obtain existing heavy truck traffic count data for the study intersections.  Passenger car equivalency 

(PCE) volumes were developed based on the proportion of vehicle types.  The following PCE 

factors were applied to the vehicle classification counts:  

 

 Cars = 1.0 

 Light-Duty Trucks (2 axles) = 1.5 

 Medium-Duty Trucks (3 axles) = 2.0 

 Heavy-Duty Truck (4+ axles) = 3.0 

 

At the time that the traffic counts were collected (September 2014), heavy trucks were temporarily 

prohibited on the Mount Vernon Avenue bridge over the Santa Ana River due to flood damage.  As 

a result, the traffic counts collected for this project do not include the typical truck volumes along 

Mount Vernon Avenue.   

 

To derive typical truck volumes along Mount Vernon Avenue, the vehicle classification counts 

collected in September 2014 were compared to older vehicle classification counts collected in 

August 2010 at the following study intersections: 

 

 Mount Vernon Avenue / Valley Boulevard / I-10 Westbound On-Ramp 

 Mount Vernon Avenue / I-10 Eastbound Ramps 

 Mount Vernon Avenue / M Street 

 

Where appropriate, the heavy truck percentages of the 2014 traffic counts collected at these 

intersections were adjusted upward to reflect the heavy truck percentages of the 2010 traffic counts, 

which were collected under normal traffic conditions.  The adjusted truck percentages were 

converted to trips and added to the existing conditions traffic counts at the above-listed 

intersections.   

 

Exhibits 5A and 5B shows the existing a.m./p.m. peak hour turning movement PCE volumes at the 

study intersections.  Detailed traffic count data is provided in Appendix A.   
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Existing Levels of Service 

 

Table 2 summarizes the existing a.m. and p.m. peak hour LOS of the study intersections based on 

the existing peak hour intersection volumes and existing intersection geometry. Detailed HCM 

calculation sheets are contained in Appendix B.   

 
Table 2 

Existing Conditions Peak Hour Intersection LOS 

Study Intersection Jurisdiction 
AM Delay – 

LOS 
(sec.) 

PM Delay –
LOS 

(sec.) 
1. S. Rancho Ave. / Agua Mansa Rd. City of Colton 22.2 – C 30.9 – C 

2. S. Rancho Ave. / I-10 EB Ramps City of Colton 24.8 – C 30.9 – C 

3. S. Rancho Ave. / I-10 WB Ramps City of Colton 26.4 – C 23.7 – C 

4. N. Rancho Ave. / W. Valley Blvd. City of Colton 32.3 – C 31.6 – C 

5. N. La Cadena Ave. / E. Valley Blvd. City of Colton 29.3 – C 27.7 – C 

6. N. Mt. Vernon Ave. / E. Valley Blvd. / I-10 WB On-Ramp City of Colton 36.7 – D 39.0 – D 

7. S. Mt. Vernon Ave. / I-10 EB Ramps City of Colton 28.1 – C 27.3 – C 

8. S. Mt. Vernon Ave. / E. M St. City of Colton 22.6 – C 19.3 – B 

9. S. Mt. Vernon Ave. (West of I-215) / E. Washington St. City of Colton 33.8 – C 33.3 – C 

10. S. Mt. Vernon Ave. (East of I-215) / E. Washington St. City of Colton 21.1 – C 19.1 – B 

11. E. Washington St. / E. Barton Rd. / S. Cooley Dr. City of Colton 40.8 – D 39.8 – D 

12. E. Washington St. / Reche Canyon Rd. City of Colton 28.3 – C 35.2 – D 

13. E. Washington St. / S. Hunts Ln. City of Colton 8.8 – A 9.8 – A 

14. E. Washington St.-Barton Rd. / S. Waterman Ave. City of Colton 30.1 – C 28.5 – C 

15. Barton Rd. / Anderson St. City of Loma Linda 29.8 – C 31.6 – C 

16. Barton Rd. / Mountain View Ave. City of Loma Linda 34.2 – C 35.7 – D 

17. Barton Rd. / California St. City of Loma Linda 22.2 – C 20.0 – B 

18. Barton Rd. / San Timeteo Canyon Rd. City of Redlands 16.7 – B 16.8 – B 

         Note: Deficient intersection operation shown in bold, where applicable. 
             (1) 

Seconds of delay per vehicle. 

 

As shown in Table 2, all study intersections within the City of Colton are currently operating at 

acceptable levels of service (LOS D or better) during the peak hours.  The intersection of Barton 

Road / Mountain View Avenue, located in the City of Loma Linda, currently operates at LOS D 

during the p.m. peak hour, which is considered a deficient LOS according to the City of Loma Linda 

General Plan Circulation Element.  
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PROPOSED TRUCK HAUL ROUTE ALTERNATIVES 
 
Agua Mansa Landfill   
 

To arrive at the Agua Mansa landfill from the project site, the proposed haul route assumes trucks 

will travel directly north towards the intersection of M Street and Mount Vernon Avenue, north on 

Mount Vernon Avenue, west on Valley Boulevard, south on Rancho Avenue, and west on Agua 

Mansa Road to the landfill site.  Agua Mansa Landfill is located at 588 Agua Mansa Road in the City 

of Rialto. The proposed truck route from the project site to Agua Mansa Landfill is approximately 4.6 

miles.  

 

For trucks traveling from Agua Mansa Landfill to the project site, trucks would travel east on Agua 

Mansa Road, north on Rancho Avenue, east on Valley Boulevard, and south on Mount Vernon to 

the northern access points or continue west on M Street and south on Fogg Street to the access 

road on the west side of the project. 

 

The proposed hauling route from the project site to the Agua Mansa Landfill is illustrated in Exhibit 

6. Exhibit 6 also includes the a.m. and p.m. peak hour truck trips through the study intersections.  

 

According to the City of Colton General Plan Circulation Element, Mount Vernon Avenue, Valley 

Boulevard, and Rancho Avenue are all identified by the City as designated truck routes.  

Intersections where turns will be made by the haul trucks along the suggested haul route between 

the project site and the Agua Mansa Landfill are currently signalized with the exception of the 

intersection of Fogg St./East M St.     

 

San Timoteo Sanitary Landfill 
 
To arrive at the San Timoteo Sanitary Landfill from the project site, trucks would travel south on 

Mount Vernon Avenue, east on Washington Street continuing onto Barton Road, and south on San 

Timoteo Canyon Road to access the landfill.  San Timoteo Sanitary Landfill is located on Palomares 

Road in the City of Redlands.  The proposed truck route from the project site to San Timoteo 

Sanitary Landfill is approximately 10 miles.    

   

For trucks traveling from San Timoteo Landfill to the project site, trucks would travel north on San 

Timoteo Canyon Road, west on Barton Road continuing on to Washington Street, and north on 

Mount Vernon Avenue to the project site.   

 

The proposed haul route from the project site to the San Timoteo landfill is illustrated in Exhibit 7. 

Exhibit 7 also includes the a.m. and p.m. peak hour truck trips through the study intersections. 

 

Access to the San Timoteo landfill requires travel through the Cities of Loma Linda and Redlands.  

According to the General Plan Circulation Elements for the Cities of Loma Linda and Redlands, 

Barton Road is identified as a designated truck route.  Intersections where turns will be made by the 

haul trucks along the suggested haul route between the project site and the San Timoteo Landfill 

are currently signalized with the exception of the intersection of Fogg St./East M St.       
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TRANSPORT TRIP GENERATION 
 

Truck hauling activities that would potentially impact traffic operations in the study area are primarily 

associated with soil exportation to build the basin.  Approximately 400,000 cubic yards is planned to 

be exported from the site by dump trucks.   

 

Based on an available fleet of 40 trucks, the duration of the export is anticipated to take between 

2.6 and 12.5 months, depending on the type of truck utilized for the export.  Three types of trucks 

were being considered when this letter was being prepared.  Based on hours of haul operation, it is 

assumed that each truck will make 16 trips per day to Agua Mansa or 8 trips per day to San 

Timoteo. Table 3 summarizes the loading capacity and the forecasted export duration for each truck 

type.   

 
Table 3 

Truck Haul Schedule by Truck Type 

Truck 
Type 

Transfer 
Capacity 

(CY) 

Total # of 
Loads 

(400k CY) 

Total # Loads per 
Truck 

(at 40 Trucks) 

# Trips per Day 
per Truck 

# Days of 
Export 

Total # Months 
(Monday – Friday 
assuming 20-day 

months) 

10 Ton 
Dump 

10 CY 40,000 1,000 
AM = 16 AM = 125 6.3 

ST = 8 ST = 250 12.5 

Double 
Dump 

18 CY 22,222 556 
AM = 16 AM = 69 3.5 

ST = 8 ST = 139 6.9 

Belly 
Dump 

24 CY 16,667 417 
AM = 16 AM = 52 2.6 

ST = 8 ST = 104 5.2 

Notes:   CY: Cubic Yards  AM: Agua Mansa  ST: San Timoteo 

 

As shown in Table 3, utilizing the truck with the highest transfer capacity (belly dump truck) and 

exporting soil to the nearest landfill (Agua Mansa) would yield the quickest exporting schedule of 

approximately 2.6 months.  Consequently, utilizing the truck with the lowest transfer capacity (10-

ton dump truck) and exporting to the San Timoteo landfill would yield the longest exporting schedule 

of approximately 12.5 months.   

 

Truck activity is anticipated to occur on weekdays (Monday through Friday) between 7:00 a.m. and 

5:00 p.m., with approximately 16 trucks (to San Timoteo) to 32 trucks (to Agua Mansa) arriving per 

hour.  Over the ten-hour period, between 160 and 320 trucks per day will access the project site 

resulting in 320 to 640 round-trip truck trips per day. Since trucks tend to have a more significant 

effect on roadway operations when compared to passenger vehicles, passenger car equivalency 

factors (PCE’s) published by the San Bernardino Association of Governments (SANBAG) were 

applied to convert truck traffic to passenger vehicle equivalents.  As specified by SANBAG, heavy-

duty trucks should use a PCE factor of 3.0. Therefore, all truck trips calculated in this analysis were 

multiplied by 3.0 to derive traffic levels in PCE’s. Table 4 presents the estimated daily and hourly 

trip generation levels for the truck and landfill site alternatives. 
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Table 4 
Soil Export Truck Trip Generation 

Truck Type  
(Transfer Capacity in CY) 

# Trips 
per Day 

Total Round 
Trips per 

Hour 

Total Round 
Trips per 

Day 

Daily  
Round  

PCE Trips* 

Hourly  
Round  

PCE Trips* 
# Days of 

Export 
Total Project Trip 

Generation  in  
PCE Trips* 

To Agua Mansa Landfill 

10 Ton Dump Truck (10CY) 16 64 640 1,920 192 125 240,000 

Double Dump Truck (18 CY) 16 64 640 1,920 192 69 133,333 

Belly Dump Truck (24 CY) 16 64 640 1,920 192 52 100,000 

To San Timoteo Landfill 

10 Ton Dump Truck (10CY) 8 32 320 960 96 250 240,000 

Double Dump Truck (18 CY) 8 32 320 960 96 139 133,333 

Belly Dump Truck (24 CY) 8 32 320 960 96 104 100,000 

*Passenger Car Equivalency (PCE) factor of 3.0 applied. 
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EXISTING PLUS PROJECT CONDITIONS – AGUA MANSA LANDFILL ALTERNATIVE 
 
This scenario evaluates existing traffic volumes overlaid with traffic generated by truck hauling 

activities associated with the Riverside North Aquifer Storage and Recovery Project, to and from the 

Agua Mansa Landfill.  Exhibit 8 shows the Existing Plus Project a.m/p.m. peak hour intersection 

volumes for the eight (8) study intersections along the truck route to and from the Agua Mansa 

Landfill.  All study intersections evaluated under the Agua Mansa Landfill Alternative are located 

within the City of Colton.  
 
Table 5 summarizes the Existing Plus Project p.m. peak hour intersection LOS for the Agua Mansa 

Landfill Alternative.  Detailed HCM calculation sheets are contained in Appendix C.   

 

Table 5 
Existing Plus Project Peak Hour Intersection LOS 

Agua Mansa Landfill Alternative 

Study Intersection 
(All Within City of Colton) 

Existing Conditions Existing Plus Project Change 
in Delay (1) 

AM Delay 
(1) – LOS 

PM Delay 
(1)  – LOS 

AM Delay 
(1) – LOS 

PM Delay 
(1)  – LOS AM P M 

1. S. Rancho Ave. / Agua Mansa Rd. 22.2 – C 30.9 – C 26.5 – C 38.6 – D 4.3 7.7 

2. S. Rancho Ave. / I-10 EB Ramps 24.8 – C 30.9 – C 24.9 – C 31.3 – C 0.1 0.4 

3. S. Rancho Ave. / I-10 WB Ramps 26.4 – C 23.7 – C 26.5 – C 23.7 – C 0.1 0.0 

4. N. Rancho Ave. / W. Valley Blvd. 32.3 – C 31.6 – C 35.9 – D 35.0 – D 3.6 3.4 

5. N. La Cadena Ave. / E. Valley Blvd. 29.3 – C 27.7 – C 29.3 – C 28.2 – C 0.0 0.5 

6. 
N. Mt. Vernon Ave. / E. Valley Blvd. /  
I-10 WB On-Ramp 

36.7 – D 39.0 – D 41.6 – D 46.4 – D 4.9 7.4 

7. S. Mt. Vernon Ave. / I-10 EB Ramps 28.1 – C 27.3 – C 32.3 – C 27.6 – C 4.2 0.3 

8. S. Mt. Vernon Ave. / E. M St. 22.6 – C 19.3 – B 22.8 – C 19.6 – B 0.2 0.3 

 Note: Deficient intersection operation shown in bold, where applicable. 
(1) 

Seconds of delay per vehicle. 

 
Table 5 shows that consistent with existing conditions, the study intersections will continue to 

operate at acceptable levels of service (LOS D or better in City of Colton) with the addition of 

project-related truck traffic to existing a.m. and p.m. peak hour volumes.  
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EXISTING PLUS PROJECT CONDITIONS – SAN TIMOTEO LANDFILL ALTERNATIVE 
 
This scenario evaluates existing traffic volumes overlaid with traffic generated by truck hauling 

activities associated with the Riverside North Aquifer Storage and Recovery Project, to and from the 

San Timoteo Landfill.  The Existing Plus Project a.m/p.m. peak hour intersection volumes for the 

eleven (11) study intersections along the truck route to and from the San Timoteo Landfill are 

illustrated in Exhibit 9.  Out of the eleven (11) study intersections evaluated under the San Timoteo 

Landfill Alternative, seven (7) intersections are located within the City of Colton, three (3) 

intersections are located within the City of Loma Linda, and one (1) intersection is located within the 

City of Redlands.  
 
Table 6 summarizes the Existing Plus Project p.m. peak hour intersection LOS for the San Timoteo 

Landfill Alternative.  Detailed HCM calculation sheets are contained in Appendix D.   

 

Table 6 
Existing Plus Project Peak Hour Intersection LOS 

San Timoteo Landfill Alternative 

Study Intersection 
Existing Conditions Existing Plus Project Change 

in Delay (1) 
AM Delay 
(1) – LOS 

PM Delay 
(1)  – LOS 

AM Delay 
(1) – LOS 

PM Delay 
(1)  – LOS AM P M 

City of Colton Study Intersections 

8. S. Mt. Vernon Ave. / E. M St. 22.6 – C 19.3 – B 23.9 – C 20.4 – C 1.3 1.1 

9. 
S. Mt. Vernon Ave. (West of I-215) /  
E. Washington St. 

33.8 – C 33.3 – C 34.1 – C 33.3 – C 0.2 0.0 

10. 
S. Mt. Vernon Ave. (East of I-215) /  
E. Washington St. 

21.1 – C 19.1 – B 21.4 – C 19.1 – B 0.3 0.0 

11. 
E. Washington St. / E. Barton Rd. /  
S. Cooley Dr. 

40.8 – D 39.8 – D 42.0 – D 40.5 – D 1.1 0.7 

12. E. Washington St. / Reche Canyon Rd. 28.3 – C 35.2 – D 28.8 – C 35.2 – D 0.5 0.0 

13. E. Washington St. / S. Hunts Ln. 8.8 – A 9.8 – A 8.9 – A 10.0 – A 0.0 0.2 

14. 
E. Washington St.-Barton Rd. /  
S. Waterman Ave. 

30.1 – C 28.5 – C 30.1 – C 28.5 – C 0.5 0.0 

City of Loma Linda Study Intersections 

15. Barton Rd. / Anderson St. 29.8 – C 31.6 – C 29.8 – C 31.8 – C 0.0 0.2 

16. Barton Rd. / Mountain View Ave. 34.2 – C 35.7 – D 34.6 – C 36.1 – D 0.4 0.4 

17. Barton Rd. / California St. 22.2 – C 20.0 – B 22.2 – C 20.0 – B 0.0 0.0 

City of Redlands Study Intersections 

18. Barton Rd. / San Timeteo Canyon Rd. 16.7 – B 16.8 – B 18.3 – B 19.9 – B 1.5 3.1 

         Note: Deficient intersection operation shown in bold, where applicable. 
             (1) 

Seconds of delay per vehicle. 

 

Table 6 shows that consistent with existing conditions, the study intersections within the City of 

Colton will continue to operate at acceptable levels of service (LOS D or better) with the addition of 

project-related truck trips to existing a.m. and p.m. peak hour volumes. The intersection of Barton 

Road / Mountain View Avenue, located in the City of Loma Linda, will continue operating at a 

deficient LOS D during the p.m. peak hour with the addition of project-related truck trips to existing 

traffic volumes.    
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SIGNIFICANT IMPACTS AND MITIGATION 
 
The results of the analysis for the Agua Mansa Landfill Alternative shows that all study intersections 

are projected to continue operating at acceptable levels of service (LOS D or better for City of 

Colton). Therefore, project-related significant impacts were not identified and mitigation measures 

are not required.   

 

The findings of the analysis for the San Timoteo Landfill Alternative show that all study intersections 

within the City of Colton are projected to continue operating at acceptable levels of service (LOS D 

or better) during the peak hours.  The intersection of Barton Road / Mountain View Avenue, located 

in the City of Loma Linda, is projected to continue operating at LOS D during the p.m. peak hour 

with the addition of project-related truck trips to existing traffic volumes.  According to the City of 

Loma Linda General Plan Circulation Element, LOS D is considered a deficient level of service.   

 

None of the three Cities (Colton, Loma Linda and Redlands) have specific thresholds to determine 

significant project-related traffic impacts. Without specific significant impact thresholds, determining 

significant from non-significant traffic impacts cannot be achieved, and there is no clear nexus to 

determine a project’s responsibility toward mitigation measures.  

 

Policies that address traffic impacts and mitigation are typically based on determining the impacts of 

new development projects.  The proposed Riverside North Aquifer Storage and Recovery Project is 

a materials-exporting activity that will temporarily result in additional truck traffic for a duration 

ranging from approximately three months to one year, depending on which landfill is selected.  This 

analysis also provides a conservative, worst-case scenario in which all 400,000 cubic-yards is 

exported off-site to a landfill for the duration of the project.   

 

If the Agua Mansa Landfill is selected for the materials export from the project site, then there are 

clearly no traffic impacts as all study intersections are projected to operate at acceptable levels of 

service according to City of Colton LOS standards.   

 

If the San Timoteo Landfill is selected for the materials export, there is one intersection (Barton 

Road / Mountain View Avenue) along the identified truck route that is currently operating at a 

deficient level of service according to the City of Loma Linda LOS standards.  As previously 

mentioned, there is currently no clear nexus for determining significant impacts and a project’s 

responsibility toward mitigation measures.  It is our recommendation that this project be exempt 

from any responsibility toward future mitigation measures in any of the jurisdictions involved since 

this is a project that is only generating traffic for a limited duration of time.   
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SUMMARY AND CONCLUSIONS 
 
This study analyzed the forecast truck traffic impact of the proposed Riverside North Aquifer 

Storage and Recovery Project.  The project proposes hauling an estimated 400,000 yards of 

material from the project site to a landfill.  This study evaluated the truck traffic impacts for two 

potential landfill locations where the excavated material may be transported – the Agua Mansa 

Landfill and the San Timoteo Landfill.  The project site is located south of Interstate 10 and west of 

Interstate 215 in the City of Colton, abutting the Santa Ana River.  Truck traffic will gain access to 

and from the site directly from Mount Vernon Avenue (at two locations on either side of the Santa 

Ana River Bridge) and from Fogg Street.   

 

Existing Conditions Analysis Summary 
 

Under existing conditions, all study intersections within the City of Colton are currently operating at 

acceptable levels of service (LOS D or better) during the peak hours.  The intersection of Barton 

Road / Mountain View Avenue, located in the City of Loma Linda, currently operates at LOS D 

during the p.m. peak hour, which is considered a deficient LOS according to the City of Loma Linda 

General Plan Circulation Element.  

 

Existing Plus Project Conditions Analysis Summary – Agua Mansa Landfill Alternative 

 

Under Existing Plus Project conditions with the Agua Mansa Landfill Alternative, all study 

intersections are projected to continue operating at acceptable levels of service (LOS D or better for 

City of Colton).  

 

Existing Plus Project Conditions Analysis Summary – San Timoteo Landfill Alternative 

 

Under Existing Plus Project conditions with the San Timoteo Landfill Alternative, all study 

intersections within the City of Colton are projected to continue operating at acceptable levels of 

service (LOS D or better) during the peak hours.  The intersection of Barton Road / Mountain View 

Avenue, located in the City of Loma Linda, will continue operating at a deficient LOS D during the 

p.m. peak hour with the addition of project-related truck trips to existing traffic volumes.    
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