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Pursuant to Section 1769 of the California Energy Commission’s (“CEC”) regulations, CCFC 
Sutter Energy, LLC (“Project Owner”) submits this petition to modify the design (“Petition”) of 
the Sutter Energy Center (“SEC”) to implement the Sutter Decarbonization Project, which is 
being advanced by Sutter CCUS, LLC, an affiliate of the Project Owner.  

The Sutter Decarbonization Project consists of turbine performance improvements, which will 
reduce nitrogen oxide (“NOx”), and installation of a carbon capture facility at the SEC, which 
will capture carbon dioxide (“CO2”) and compress it to a critical fluid.  The CO2 will then be 
transported through a pipeline and permanently sequestered in a geological storage location 
using three Class VI injection wells.  The proposed modification will optimize operations at the 
SEC by increasing plant efficiency and reducing emissions.  

The proposed modification will not result in emissions from the SEC above its permitted limits 
or result in significant environmental impacts and will not affect the facility’s compliance with 
applicable laws, ordinances, regulations, and standards (“LORS”).  Amendment of existing 
Conditions of Certification (“COCs”) and new COCs may be required for the modification.  

As in the original Commission Decision for the SEC issued in April 1999, the Project Owner is 
requesting that a joint California Environmental Quality Act (“CEQA”) and National 
Environmental Policy Act (“NEPA”) analysis be conducted.   Sutter CCUS, LLC will be 
submitting an application under a Funding Opportunity Announcement (“FOA”) issued by the 
U.S. Department of Energy (“DOE”).  If awarded, a NEPA review will be required for the DOE 
to distribute federal funds.  In addition, an application has been submitted to the U.S. 
Environmental Protection Agency, Region 9, for the three Class VI injection wells.  The Project 
Owner requests that CEC Staff coordinate its environmental review of the proposed 
modifications with applicable federal agencies to ensure that the Staff Assessment for the 
proposed modification is a joint document that addresses both NEPA and CEQA requirements. 
To meet critical construction milestones, the Project Owner requests approval of this Petition by 
June 2024.  

1. SECTION 1769 (A)(1)(A): DESCRIPTION OF THE PROPOSED CHANGE, 
INCLUDING NEW LANGUAGE FOR ANY CONDITIONS OF 
CERTIFICATION THAT WILL BE AFFECTED.   

 
The Sutter Decarbonization Project consists of four primary components: (1) turbine 
performance improvements; (2) installation of a carbon capture facility at SEC; (3) an 
approximately 16-mile pipeline; and (4) three Class VI injection wells to inject the CO2 (a non-
hazardous waste stream) for permanent sequestration in a geological storage location. Specific 
details regarding each component of the Sutter Decarbonization Project are provided below.  A 
summary of the existing COCs applicable to the Sutter Decarbonization Project are provided in 
Appendix H.  The Project Owner has also identified the existing conditions of certification that 
will require modification to remove references to “Western”, as the Sutter Decarbonization 
Project is not under the jurisdiction of the Western Area Power Administration.  
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Turbine Performance Improvements 
The turbine performance improvements will include hot gas path upgrades and ultra-low NOx 
combustors.  The improvements would reduce NOx emissions on an hourly basis and would 
improve the turbine heat rate, allowing the SEC to generate more power from the same amount 
of fuel.  The improved efficiency will be obtained by increasing the turbine firing temperature 
and other enhancements to the turbine components.  The existing hot gas path components 
cannot operate at temperatures required to facilitate the proposed performance improvements.  
These components will be functionally identical to the existing equipment except that they will 
be made from advanced materials that can withstand higher temperatures.  To support the higher 
operational temperatures, additional temperature sensors, instrumentation, controls, and piping 
will be added. 
Carbon Capture Facility 
The carbon capture facility will draw flue gas from the SEC heat recovery steam generator 
(“HRSG”) stack.  This flue gas will be withdrawn after the air pollution control equipment but 
prior to discharge from the stack.  The SEC is expected to operate at an 85% capacity factor to 
maximize CO2 capture. 
 

 
Figure 1: Project Layout 

 
The carbon capture facility will utilize ION technology and is mainly comprised of a direct 
contact cooler (“DCC”), two absorber columns (up to 225 feet tall), a stripper, pumps, a wet sac 
cooling unit, chemical delivery tanks, various heat exchangers, and a solvent management 
system (Figure 2).  In the DCC, recirculating process water cools the flue gas from the SEC and 
removes relatively clean water.  The pH is balanced through caustic addition, and heat is 
indirectly rejected through a cooling water loop.   
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The flue gas passes to the absorber where the ION solvent selectively absorbs CO2 via an 
exothermic, reversible reaction.  A two-stage water wash above the CO2 absorption zone 
recovers practically all solvent vapors and maintains overall water balance.  The lower water 
wash stage is optimized for solvent recovery while the upper water wash is optimized for water 
recovery through indirect water cooling.  The CO2-rich solvent collects at the base of the 
absorber column, where it is then pumped through the lean-rich heat exchanger to the stripper.  A 
portion of the rich solvent bypasses the heat exchanger and enters directly into the top of the 
stripper.   
 
At the bottom of the stripper, low-grade steam from the HRSG indirectly heats the solvent via 
the once-through thermosyphon reboilers to release CO2 and stripping steam. The stripping 
steam re-condenses throughout the stripper by counter-currently contacting the hot-rich and cold-
rich solvent respectively, thus evolving the remainder of absorbed CO2 while minimizing 
reboiler duty. The CO2-lean solvent recycles to the absorber, through the lean-rich heat 
exchanger, for further capture; the CO2 exits the top of the stripper to the overhead condenser. 
This CO2 product will then be compressed, dehydrated and conditioned to meet specifications 
required for sequestration. A carbon filter package and electrodialysis reclaimer process a 
slipstream of lean solvent to remove accumulated salts, particulates, and thermal decomposition 
products.  
 

 
Figure 2: Generalized Process Diagram 

 
The carbon capture facility will require construction of new foundations which will range in 
depth from three to 15 feet depending on the equipment.  The excavations will occur in already 
disturbed areas.  
 



Sutter Energy Center 
97-AFC-02C 

Petition for Modification 
Sutter Decarbonization Project 

4 

CO2 Transport Pipeline  
After capture, the CO2 will be compressed to a critical liquid and transported via a new 12-inch 
pipeline to the storage location located approximately 15.7 miles southwest of the SEC.  The 
pipeline route (depicted in Figure 3) will leverage existing rights of way and be operated at 2000 
– 2200 psi and from 60 to 120 degrees F. The pipeline is expected to be underground for the
majority of the pipeline route until it reaches the injection well location.  Excavations will be to a 
depth of less than eight feet. The pipeline will be equipped with state of the art fiber optic 
monitoring and automatic shutoff systems to ensure safe operations.   

Figure 3: CO2 Transport Pipeline Route 

Class VI Injection Wells at the CO2 Storage Complex 

The geological storage complex for the Sutter Decarbonization Project is located approximately 
10 miles southwest of the SEC.  The storage complex Area of Interest (“AOI”) is approximately 
6-mile by 7-mile (42 square-miles or sq-mi).  The identified storage complex is composed of 
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Late Cretaceous to Early Tertiary Kione and Starkey sandstones of the Sacramento Basin. These 
are overlain respectively by the Capay and Sacramento shales, which are widely acknowledged 
as regional seals. The proposed storage formations (specifically the Kione) are currently used 
for saltwater disposal in the Sutter City Gas Field located approximately 10-miles up-dip to the 
north of the AOI. 

Three Class VI injection wells will be required for the Sutter Decarbonization Project and are 
expected to be drilled to a depth of up to 3,100 feet. The three Class VI injection wells will be 
located on three well pads. The well pads will be approximately 300 feet by 300 feet for a total 
of two acres per well pad. The injection wells are designed to maximize the rate of injection and 
reduce surface pressure and friction alongside the tubing. The selected design provides enough 
clearance to deploy pressure and temperature gauges on tubing to monitor reservoir behavior and 
to ensure continuous surveillance of external integrity through the fiber optic cable deployed 
with the casing. The CO2 flow into the well will be monitored in real time with dedicated 
pressure and temperature sensors at the wellhead as well as flow meters installed in the pipeline.
The annular pressure between the casing and tubing will be monitored with pressure gauges 
installed in the lateral valve of the wellhead.

Figure 4: Injection well design showing perforations targeting the Starkey storage 
reservoir

The monitoring program is tailored for each site to track the migration of the CO2 plume and 
development of the pressure front to validate the simulation models and to be able to delineate 
the Area of Review, effectively. The monitoring program complies with the requirements 
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defined by Title 40 of the Code of Federal Regulations (“CFR”) Parts 124, 144, 145, Federal 
Requirements under the UIC program for geological storage and EPA Class VI Documents, to 
ensure the site operates efficiently and safely.  The program includes surface and near surface 
techniques to evaluate anomalies and detect risky areas; real time tracking of operating 
conditions in injector and monitoring wells, both surface and downhole; direct reservoir 
measurement of pressure and temperature in the injection zone and above confining zones; 
geophysical surveys to image the development of the plume and calibrate the models; surveys 
and tools to track external and internal mechanical integrity; and monitoring of induced 
seismicity.  The Class VI injection wells will also be subject to permitting by the U.S. 
Environmental Protection Agency, Region 9.   
 

2. SECTION 1769 (A)(1)(B): DISCUSSION OF THE NECESSITY FOR THE 
PROPOSED CHANGE AND AN EXPLANATION OF WHY THE CHANGE 
SHOULD BE PERMITTED.   

 
The Sutter Decarbonization Project is necessary to further the Project Owner’s efforts to 
optimize facility operations and should be approved as it supports California’s greenhouse gas 
emissions reduction goals.  The Sutter Decarbonization Project is anticipated to capture 1.5 to 2 
million tons of CO2 per year.   
 

3. SECTION 1769(A)(1)(C): DESCRIPTION OF ANY NEW INFORMATION OR 
CHANGE IN CIRCUMSTANCES THAT NECESSITATED THE CHANGE. 

 
There are increasing efforts at both the federal and state level to further advance carbon capture 
and sequestration technologies, including those that will significantly improve the efficiency, 
effectiveness, and environmental performance of natural gas power plants.   
 

4. SECTION 1769(A)(1)(D): AN ANALYSIS OF THE EFFECTS THAT THE 
PROPOSED CHANGE MAY HAVE ON THE ENVIRONMENT AND 
PROPOSED MEASURES TO MITIGATE ANY SIGNIFICANT 
ENVIRONMENTAL EFFECTS.  

 
With the implementation of conditions of certification, the Sutter Decarbonization Project will 
not result in an adverse change to the environment.   
 
Air Quality:  The Sutter Decarbonization Project will not increase emissions from the SEC 
beyond existing permitted levels. The flue gas will move through the CO2 capture process with 
no potential effects on the criteria pollutants in the cleaned flue gas, i.e., emissions in the flue gas 
slip stream will pass through the process with no further abatement by the process (except for 
CO2 capture).  
 
The turbine performance improvements will have the following benefits: 
 

• Improved efficiency by increasing the turbine firing temperature with new Low NOx 
combustion hardware and redesigned turbine hardware. The existing blades would be 
replaced. The replacement components are considered to be functionally equivalent. 
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• A reduction in heat rate of approximately 240 British Thermal Units (BTU)/kilowatt hour
(kwh).

• Lower NOx emissions and increased firing temperature relative to existing SEC
equipment.

• Uncontrolled NOx and CO from the turbine exhaust will decrease to approximately 9
ppmvd and 10 ppmvd (at 15% O2) respectively at the combustion turbine exhaust flange
(prior to SCR/CO catalyst control systems). Based on the current control systems, mass
emissions of NOx and CO are both expected to decrease, but the facility is not claiming
these reductions at this time.

• No fuel use increases are being proposed in connection with the efficiency upgrades.
• There will be no change in emissions of criteria pollutants associated with the upgrade

project. SEC’s short-term and annual potential to emit (“PTE”) will remain as listed in
the current Title V operating permit.

The permit application has been submitted to the Feather River Air Quality Management District 
(“FRAQMD”).  FRAQMD is currently evaluating the application.  The permit application 
proposed no increase in either hourly or annual emission rates as part of the carbon capture.  A 
pilot test facility located at the Los Medanos Energy Center in Pittsburg, California is currently 
under construction and will test the actual emissions, which will be used to verify emission 
calculations included in the permit application.  Appendix A, which is the FRAQMD, will be 
docketed next week. 

Biological Resources:  As currently proposed, and with the implementation of the COCs 
presented in Appendix H, the Sutter Decarbonization Project will not result in unmitigated 
impacts to biological resources.  The carbon capture facility will be constructed on the site of the 
decommissioned Greenleaf 1 powerplant, which is an already disturbed brownfield site.  The 
transport pipeline will be constructed mainly in existing right-of-ways (“ROWs”).  Based on a 
desktop analysis and initial field assessments of the SEC site, proposed route, and sequestration 
complex area, the Project Owner anticipates that any species impact issues can be mitigated by 
implementation of existing COCs, which include avoidance of areas, monitoring during 
construction, construction schedule adaptations, and other potential mitigation measures.  To 
date, a desktop analysis has been completed with limited site reconnaissance due to the wetter 
than normal winter.  However, the Project Owner plans to conduct surveys, as appropriate, to 
confirm the findings of the desktop analysis. Following completion of surveys, Appendix H may 
be modified to incorporate additional COCs. 

The biological resource analysis is included as Appendix B. 

Cultural Resources:  The carbon capture facility will be constructed on the site of the 
decommissioned Greenleaf 1 facility, an already disturbed brownfield site.  On-site excavations 
for the Sutter Decarbonization Project are expected to occur down to 15 feet, in fill/native soils/ 
in an area/at a depth already disturbed by decommissioning of Greenleaf 1.  Construction will 
occur consistent with the COCs set forth in Appendix H. The transport pipeline will be 
constructed adjacent to existing ROWs.  The Project Owner plans to conduct surveys, as 
appropriate, to confirm the findings of the desktop analysis.  Additional mitigation measures may 
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be proposed following completion of surveys.  An initial analysis of the cultural resources is 
included in Appendix C. 

Hazardous Materials Management:  The process used to capture the CO2 will use an amine 
based solvent.  The solvent will be contained in the absorber columns and associated piping.  The 
volume of solvent in the absorber columns will be approximately 350,000 gallons.  Secondary 
containment will be provided to ensure any spills are contained.  The existing conditions of 
certification contained in HAZ-1 through HAZ-3 will ensure continued safe operation of the 
facility.    

Land Use:  The Sutter Decarbonization Project is consistent with the General Plan and Zoning 
Designation.  The project will be located on the Greenleaf 1 property site, which is subject to the 
“-PD” zoning designation.  This zoning designation provides that Sutter County can establish 
development standards for the site that differ from the base zoning, Industrial.  The absorber 
columns contemplated for the site will be up to 225 feet tall.  The Project Owner is currently in 
discussion with Sutter County regarding the project.  The land use analysis is provided as 
Appendix D.  

Noise:  The Sutter Decarbonization Project will not increase existing noise levels at the SEC. 
All new equipment will be designed to meet the requirements of the existing COCs.  A noise 
survey will be conducted after project construction to validate noise levels at the nearest 
residence.  Compliance with the noise COCs set forth in Appendix H will ensure that potential 
impacts are less than significant. 

Paleontological Resources:  A description of known paleontological resources in the project 
area is provided in Appendix E, and will not be impacted by the Sutter Decarbonization Project.  
The Project Owner will implement the COCs set forth in Appendix H to ensure that potential 
impacts to unknown paleontological resources are less than significant. 

Soils:  All the construction and excavation will be conducted in former or existing agricultural 
lands.  Construction and excavation will be conducted in accordance with the existing soils 
management plan to ensure that any potentially contaminated soils will be handled appropriately.  
Compliance with the COCs set forth in Appendix H will ensure that potential impacts are less 
than significant. Soils are described in Appendix F. 

Traffic and Transportation:  Increased construction traffic and heavy haul traffic will be 
temporary.  A route survey will be conducted prior to any heavy hauls to ensure the least amount 
of impact to the local community.  Construction traffic will be limited to the hours indicated in 
the existing condition of certification to limit impact on the community and construction parking 
will be on the neighboring parcel located next to the facility. Compliance with the COCs set 
forth in Appendix H will ensure that potential impacts are less than significant. 
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Visual Resources:  The CO2 Capture Project will not result in significant impacts to visual 
resources.  It is consistent with the existing developed nature of the SEC, and will not 
substantially change the visual appearance of the SEC.  Surface treatments will be applied 
consistent with Conditions VIS- 1 and VIS-2 and the project will comply with the lighting 
requirements of VIS-3. Conditions VIS-4 (landscaping), VIS-5 (Greenleaf 1 color treatment), 
and VIS-7 (power pole placement) will not apply to this modification because they entail 
requirements that have already been met during construction of the SEC power plant.   

A visual analysis of the viewshed is included as Appendix G. 

Waste Management:  Additional construction waste will be generated during the construction 
of the project.  Waste management will be conducted in accordance with the existing waste 
management plan and the existing conditions of certification WASTE-1 through WASTE-3.  In 
addition, spent solvent will be either disposed of or regenerated offsite. The solvent will be tested 
for hazardous constituents and will be disposed of appropriately in the proper disposal facility.  

Water Resources:  During operations, the SEC will have no additional water usage as a result of 
the proposed modification because the carbon capture unit will be air cooled.  

Compliance with existing conditions and best management practices governing construction 
and maintenance activities on site will ensure that there are no significant adverse impacts, and 
no other additional mitigation measures are proposed. Conditions of Certification 
SOIL&WATER-1 through SOIL&WATER-7 will be met using similar wastewater 
management methods employed during original construction.  

5. Section 1769(a)(1)(E): Analysis of how the proposed change would affect the
project’s compliance with applicable laws, ordinances, regulations, and standards.

The proposed change will not impact SEC’s ability to comply with applicable laws, ordinances, 
regulations, and standards.   

6. Section 1769(a)(1)(F): Discussion of how the proposed change would affect the
public.

The proposed change will not adversely affect the public.  The proposed change does not result 
in significant unmitigated impacts to the environment and does not negatively impact air quality 
or public health.  There are no significant adverse effects on property owners that will result 
from the adoption of the change proposed. 

7. Section 1769(a)(1)(G): provide a list of current assessor's parcel numbers and
owners' names and addresses for all parcels within 500 feet of any affected project
linears and 1000 feet of the project site.

The Project Owner can provide a list of property owners upon request. 
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8. Section 1769(a)(1)(H): discussion of the potential effect on nearby property owners,
residents, and the public.

The proposed change will have no significant environmental effects and will be in compliance 
with applicable LORS.  Therefore, the proposed change will have no impact on property owners, 
residents, or the public.  The SEC has operated in Sutter County for over two decades, 
maintaining engagement and goodwill in the community.  The Sutter Decarbonization Project 
has received loud and broad positive reception from all sectors of the community including 
regional tribes, local organized labor, state agencies, the municipal utility offtaker, local houses 
of worship, educational entities including minority-serving institutions, and local community 
groups and businesses, to name a few.  

The Project will be built by entering into a Project Labor Agreement with the California State 
Building and Construction Trades, solidifying a long-standing relationship with labor.  SEC is 
also expanding a current partnership and training programs with Los Medanos College, a 
minority serving institution, to provide opportunities to students at nearby Yuba College, also 
a minority serving institution, to build a more diverse workforce of the future.  The Sutter 
Decarbonization Project will create 20-25 full-time, highly paid, clean energy jobs, resulting in 
positive economic benefits to the public.
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APPENDIX A 
Air Permit Application

(To be docketed 
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Sutter Decarbonization Project Proposed Pipeline Alignments Biological Environmental 

Setting Assessment 

Date: May 19, 2023 Jacobs Engineering Group Inc. 

401 B Street, Suite 1560 

San Diego, California 92101 

Jacobs.com 

Project name: Sutter Decarbonization Project 

Attention: CCFC Sutter Energy, LLC 

Prepared by: Christopher Hughes, Scott Lindemann, Kevin Fisher 

Copies to: Karen Parker 

 

1. Introduction 

CCFC Sutter Energy, LLC proposes to construct a Carbon Capture and Storage Project (Project) for the 
Sutter Energy Center (SEC) in Sutter County, California. The SEC is a 550-megawatt natural gas combined 
cycle power plant that began operation in 2001. The Sutter Decarbonization Project consists of four 
primary components: (1) turbine performance improvements; (2) installation of a carbon capture facility 
at SEC; (3) an approximately 15.7-mile CO2 pipeline; and (4) three Class VI injection wells to inject the CO2 
for permanent sequestration in a geological storage location. 

This technical memorandum identifies potential biological conditions in the Biological Study Area (BSA), 
which includes the SEC site, pipeline alignment rights of way (ROW), buffer area, and well area 
(Attachment A, Figures BIO-1 and BIO-2).  In total, the BSA for this initial assessment encompasses 
approximately 379.58 acres.  

The identified conditions discussed in this document are the results of a reconnaissance biological survey 
conducted on March 29, 2023; data queries of the California Department of Fish and Wildlife’s (CDFW) 
California Natural Diversity Database (CNDDB) (CDFW 2023), California Native Plant Society’s (CNPS) 
Inventory of Rare and Endangered Plants (CNPS 2023), and other applicable online database 
resources/mappers (see, Section 3.2); previously prepared reports for related SEC projects; and other 
professional knowledge. Information from these sources has been amassed to inform construction 
planning and to avoid or minimize impacts to sensitive biological resources that may occur on-site during 
construction of the Project. 

2. Background 

2.1 Project Location 

The existing SEC facility is located at 5029 S Township Road, Yuba City, in Sutter County. As described in 
more detail below, the Project will involve construction of new and improved SEC infrastructure.  In 
addition, a new pipeline to transport CO2 to the designated sequestration site is expected to follow rights 
of way from existing natural gas pipeline routes where possible and go alongside rural two-lane roadways, 
unnamed dirt roads and agricultural lands terminating to the southwest.  Most of the proposed alignment 
is adjacent to and surrounded by agricultural fields in rural Sutter County. The alignment crosses the 
Sutter Bypass just off Obanion Road, as well as major canals off Reclamation Road and north of Kirkville 
Road.  

2.2 Project Description 

The carbon capture facility will capture carbon dioxide (CO2) with an amine-based solvent and compress 
the CO2 to a critical fluid for transport and permanent sequestration. The carbon capture facility will be 
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located at the site of the decommissioned Greenleaf 1 Cogeneration facility adjacent to the Sutter Energy 
Center. 

The CO2 capture component of the Project will consist of up to two, 225-foot absorber columns, a wet sac 
cooling unit, chemical delivery tanks, and supporting pumps and diagnostic equipment. The CO2 Capture 
Project will draw flue gas from the SEC heat recovery steam generator stack. The flue gas will be 
withdrawn after the air pollution control equipment but prior to discharge from the stack. The flue gas will 
move through the CO2 capture process with no potential effects on the criteria pollutants in the cleaned 
flue gas. The facility will have no additional water usage as the carbon capture facility will be air cooled. 

The Project Owner will also be modifying the SEC to incorporate turbine performance improvements which 
will increase efficiency and reduce nitrogen oxide (NOx) emissions.  The turbine performance 
improvements will be performed upon existing equipment within the existing SEC site.  

Two alternative pipeline alignments (MNS-04/MNS-05, and MNS-04/MNS-07) were subject to initial field 
surveys. Following initial field surveys, the proposed alignment was further refined, discarding the MNS-
04/MNS-07, retaining most portions of the MNS-04 and MNS-05 alignment alternatives, and introducing 
minimal new areas. This refined alignment will be referred to in this document as the “project footprint” or 
“work area.” For those portions of the proposed pipeline alignment that have not yet been surveyed, 
applicable survey data and desktop reviews were used to supplement evaluation of the potential impacts 
to biological resources.  Additional biological resources surveys are ongoing and will be used to determine 
the final proposed pipeline alignment.  

The pipeline will deliver CO2 to the geological storage complex for the Sutter Decarbonization Project, 
which is located approximately 10 miles southwest of the SEC.  The storage complex Area of Interest (AOI) 
is approximately 6-miles by 7-miles (42 square-miles or sq-mi).  The facility will have 3 well pad locations 
that will be approximately 2 acres each. These well pads will be surveyed along with the final pipeline 
route.  

3. Methods 

3.1 Definition of Special-Status Species 

For the purposes of this assessment, special-status species include species that meet one or more of the 
following criteria: 

• Listed, proposed for listing, or identified as a candidate for listing, as threatened or endangered 
under the federal Endangered Species Act (FESA) (50 CFR 17.11 for wildlife; 50 CFR 17.12 for 
plants; 67 Federal Register 40658 for candidates and various notices in the Federal Register for 
proposed species). 

• Listed under the California Endangered Species Act (CESA) as threatened or endangered, or 
proposed or candidates for listing. 

• Plant species that are designated as rare under the Native Plant Protection Act. 

• Plant species that otherwise meet the definition of rare, threatened, or endangered species under 
California Environmental Quality Act (CEQA) Guidelines section 15380. This includes species 
listed by the CNPS in the online version of its Inventory of Rare and Endangered Plants of 
California (CNPS 2022) as List 1A, 1B, 2A, or 2B. 

• Designated as a Species of Special Concern (SSC) or a Fully Protected species by CDFW and/or 
statute. 
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3.2 Desktop Review 

Prior to field surveys, Jacobs Engineering Group Inc. conducted desktop reviews of publicly available data 
pertaining to aquatic resources, soils, and topography within the BSA. The following biological databases 
were utilized to obtain records of special-status plants, natural communities, wildlife, and aquatic 
resources that may have potential to occur in the BSA, including a 5-mile radius, for the project: 

• CDFW CNDDB within 5 miles of the BSA (CDFW 2023). 

• CNPS Online Inventory of Rare and Endangered Vascular Plants of California within the Project 
USGS 7.5-minute quadrangle (CNPS 2023). 

• US Fish and Wildlife Service (USFWS) Information for Planning and Consultation (IPaC) within the 
BSA (USFWS 2023a). 

• National Marine Fisheries Service (NMFS) – California Species List Tool, Queried for Endangered 
and Threatened Species (NMFS 2023). 

• National Wetlands Inventory (NWI) (USFWS 2023b). 

• National Hydrography Dataset (NHD) (USGS 2023a). 

• Natural Resources Conservation Service (NRCS) Web Soil Survey (NRCS 2023). 

• Current and historical topographic maps (as provided by the U.S. Geological Survey [USGS] via the 
Environmental Systems Research Institute) (USGS 2023b). 

3.3 Field Survey 

Jacobs’s biologists Scott Lindemann and Samuel Wentworth conducted a reconnaissance-level biological 
survey of the SEC site portion of the BSA on September 8, 2022. 

On March 29, 2023, Mr. Lindemann and Mr. Wentworth conducted a reconnaissance-level biological 
survey of the various pipeline ROW alignments of the BSA (consisting of the MNS-04, MNS05, and MNS-
07 segments). The goal of the March 2023 survey was to update previous investigations from 2022 to 
include potential pipeline segments and temporary laydown areas, as well as locate, map, and evaluate 
sensitive biological resources such as important habitats, vegetation communities, and special-status 
species, which may be affected by the Project.  

The biologists conducted a reconnaissance-level survey for: features with the potential to be jurisdictional 
waters of the United States that may occur within the vicinity of the alignments; the presence of special-
status species or their habitats, including the presence of burrows or other refugia habitat that might be 
along the access roads; and other sensitive areas. Applicable survey data for the MNS-04/MNS-05 
alignment was used to evaluate potential occurrence of sensitive resources for areas of the BSA that have 
yet to be surveyed.  

Portions of the BSA were inaccessible.  Inaccessible locations of the BSA were either surveyed from 
accessible locations within the public roadway or the pipeline ROW or were observed via aerial imagery. In 
addition, due to inclement weather conditions and time constraints, portions of the BSA for the proposed 
pipeline alignment and injection well areas could not be surveyed. Non-paved agricultural roads were not 
accessible during the time of the survey due to heavy rains and deep mud; therefore, surveys were mostly 
limited to existing paved surfaces and developed vehicle pull-offs.  

The potential for jurisdictional resources and special status species to occur within the BSA was based on 
the evaluation of habitat suitability and regional occurrence data acquired during the desktop review. 
Surveys were not conducted throughout all seasons or weather conditions.  
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4. Existing Conditions 

4.1 Geology, Topography, and Physical Setting 

The BSA is within the Great Valley ecological section of California (262A) containing alluvial plains 
associated with the Sacramento River valley (Miles and Goudey 1997). The BSA spans the River Alluvium 
(262Af), and Butte Sink/ Sutter Basin (262Ac) subsections of the Great Valley section. Both subsections 
are characterized by recent alluvium on gentle slopes on the river floodplain and basin floor. Fluvial 
erosion and deposition are the main geomorphic drivers in these subsections, but these processes have 
been disrupted by the construction of artificial levees and irrigation diversion for agriculture. Elevations 
within these subsections range from 20 feet to 150 feet above sea level. 

4.2 Climate and Soils 

Climate within the BSA is characterized by moderately cool winters and hot dry summers with average 
high temperatures of up to 95° F in July, to as low as 37° F in December. Average annual temperatures 
range from a minimum of 47.6° F to 75° F (WRCC 2023). Annual precipitation within this area of the 
Sacramento Valley includes an average of 16.22 inches, peaking in January.  

Twelve soil map units have been mapped to occur within the BSA. Ten of these carry a hydric soil rating 
(NRCS 2023). These soil types were recorded by the Natural Resources Conservation Service (NRCS) and 
are distributed across the site north to south according to Sutter Decarbonization Project Soils Technical 
Memorandum by Steve Long, Jacobs, dated May 16, 2023. A complete list of all the soil types and their 
descriptions is provided in the memorandum (Long, 2023). 

4.3 Hydrology/ Surface Water Resources 

The BSA is located within the McGriff Lakes-Sutter Basin sub-watershed (Hydrologic Unit Code [HUC] 
180201041102) within the overall Sutter Basin watershed, bounded on the east by the Sutter Bypass/ 
East Side Canal, on the west by the Sacramento River, and on the north by the Tisdale Weir (USGS 2023a). 
Regionally, major surface water features include the Sacramento River and the Sutter Bypass. Aquatic 
features within the Sutter Basin were previously associated with large wetland floodplains prior to 
construction of the Sutter Bypass and Tisdale Weir for the Lower Sacramento Valley Flood-Control System 
in the early 1900s (USGS 2023a, James and Singer 2008). Humanmade flood control levees and 
excavated canals were constructed to aid in drainage on flood prone parcels, and control seasonal 
flooding from the Sacramento River (James and Singer 2008). Excavated irrigation ditches were created 
for intensive water-use agricultural practices such as rice field or orchard irrigation. 

Several surface water features are visible within the BSA. This includes major riverine features like the 
Sutter Bypass, as well as smaller irrigation canals that border the surrounding agricultural parcels 
throughout the region. Aquatic resources are discussed in greater detail in the Results section. 

4.4 Land Cover / Vegetation Communities 

Historically, the study area has been used for agricultural production, including orchards and rice since the 
early 1900s following flood control and water diversion projects. Land use in the vicinity of the BSA 
includes a majority of row crops, orchards and flooded agricultural fields (Attachment C, Photos 3, 7, and 
8). Regionally, mixed rural residential properties are scattered throughout the area. Large-scale urban 
development is mostly absent apart from the census designated place of Robbins, and State Routes 113 
and 45.  

The Project is located within the Sacramento Valley subregion of the Great Valley floristic region (Baldwin 
and Goldman 2012). Within this region, vegetation has historically been associated with open grassland 
and riparian alluvial fans adjacent to stream channels but has mostly been developed as agricultural fields 
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including irrigated row crops and orchards. Relict riparian woodlands are present along the Sacramento 
River and surrounding tributaries, and the valley still supports areas of grassland, marshes, vernal pools, 
and alkali sinks. Adjacent to the BSA, land uses include a mixture or rural residential development and 
agriculture. 

The regionally predominant natural plant communities have historically included native needlegrass 
grasslands (Miles and Goudey 1997) and non-native annual grassland. Natural grassland or ruderal 
roadside vegetation found across the BSA generally consisted of non-native annual grassland comprised 
of species such as wild oat (Avena barbata or A. fatua), rip-gut brome (Bromus diandrus), shortpod 
mustard (Hirschfeldia incana), wild teasel (Dipsacus fullonum), and milk thistle (Silybum marianum). 
Regionally, the valley oak (Quercus lobata) series, consisting of a scattered savannah woodland of valley 
oak amongst annual grassland, was also common (Miles and Goudey 1997). Along riparian corridors, the 
Fremont cottonwood (Populus fremontii) series (including other riparian vegetation such as willow [Salix 
spp.]), is still prevalent along existing streams but can also be seen alongside non-native riparian scrub 
(Attachment C, Photos 4 and 6). 

Prior to field surveys, the CDFW VegCAMP program for the Great Valley Ecoregion (CDFW 2023) was 
reviewed to determine potential habitat occurrence within the BSA. During reconnaissance field survey, 
this data was further refined to better characterize habitat onsite, and to evaluate suitable special-status 
species habitat. 

A total of eight vegetation and developed land cover types were identified during the reconnaissance 
survey including non-native annual grassland, cottonwood riparian woodland, Goodding’s willow (S. 
gooddingii) riparian woodland, cattail (Typha spp.) marsh, Himalayan blackberry (Rubus armeniacus) 
scrub, riverine/ water, developed/ roadway, and agriculture. 

The BSA contains a limited array of land cover types, including developed land (rural residential and 
roadway), agriculture (orchards and irrigated crops), and open water (Sacramento River, excavated 
canals). The following vegetation types were identified in the BSA during desktop review and 
reconnaissance surveys: 

• Agriculture (Orchard and Irrigated Cropland) 

• California Annual Grasslands  

• Himalayan Blackberry (Rubus armeniacus) Scrub (Riparian)  

• Fremont Cottonwood Riparian Forest and Woodland (Riparian) 

• Goodding’s Willow Riparian Woodland and Forest (Riparian) 

• Cattail Marsh (Emergent) 

Acreages for these vegetation communities and land cover types are listed in Table 1, and the vegetation 
types are described in more detail in the following section.  

Table 1: Vegetation Communities and Land Cover Types within the BSA 

Land Cover/ Vegetation Community Type 
Potential Temporary Impact 

Acreages in the BSA 

Non-vegetated Land Cover 
Riverine/Open Water 28.37 

Developed/Roadway 12.27 

California Annual Grasslands 3.14 
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Non-native Vegetation 
Dominated Community 

Himalayan Blackberry Scrub 
(Riparian) 

0.90 

Agriculture (Orchard/Irrigated Crop) 331.62 

Native Vegetation Dominated 
Community 

Fremont Cottonwood Forest and 
Woodland (Riparian) 

2.84 

Goodding’s Willow Woodland and 
Forest (Riparian) 

0.38 

Cattail Marsh (Emergent) 0.07 

Total 379.58 acres 

4.4.1 California Annual Grasslands 

Non-native or naturalized annual grasses such as wild oat, purple false brome (Brachypodium distachyon), 
rattlesnake grass (Briza maxima), rip-gut brome, soft chess (Bromus hordeaceus) and/or Italian wild-rye 
(Festuca perennis) is dominant or co-dominant with other non-natives in the herbaceous layer such as 
thistles or mustards. Emergent trees and shrubs may be present at low cover. Within the BSA, California 
annual grasslands are found along disturbed road shoulders and open slopes and are associated with high 
levels of anthropogenic disturbance.  

4.4.2 Himalayan Blackberry Scrub (Riparian) 

Non-native shrub or scrub species including Himalayan blackberry is dominant or co-dominant in the 
shrub canopy. Emergent trees may be present at low cover, including riparian species such as alder (Alnus 
rhombifolia), cottonwood, or oaks (Quercus ssp.). Often forms dense cover along stream banks and 
riparian areas. In the BSA this vegetation community is present along excavated irrigation canals and 
riparian banks.  

4.4.3 Goodding’s Willow Woodland and Forest (Riparian) 

Goodding’s willow or other willow species are dominant or co-dominant in the tree or shrub canopy with 
other riparian tree species including alder, box elder (Acer negundo), and California buckeye (Aesculus 
californica). Commonly associated shrubs include mulefat (Baccharis salicifolia), dogwood (Cornus 
sericea), or California rose (Rosa californica), but non-natives such as Himalayan blackberry are also 
common. Within the BSA this vegetation community was observed along the eastern side of the Sutter 
Bypass along riparian habitats associated with large open water canals.  

4.4.4 Fremont Cottonwood Forest and Woodland (Riparian) 

Fremont cottonwood is dominant or co-dominant in the tree canopy with other riparian tree species such 
as box elder, alder, Oregon ash (Fraxinus latifolia), black walnut (Juglans hindsii), California sycamore 
(Platanus racemosa), or willows. In Sutter County, remnant cottonwood woodlands are associated with 
natural stream banks and large riverine features such as the Sacramento River and associated bypasses. 
Within the BSA, cottonwood vegetation was recorded within the Great Valley Ecoregion maps along the 
western side of the Sutter Bypass, but this area was not accessible during field surveys.  
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4.4.5 Cattail Marshes (Emergent) 

Within this vegetation community cattail species are dominant or co-dominant in the herbaceous layer 
with other emergent vegetation including carex (Cyperus spp.), salt grass (Distichlis spicata), horsetail 
grass (Equisetum telmateia), rushes (Juncus spp.), or bulrushes (Schoenoplectus ssp.). Emergent trees 
may be present at low cover, including willows, but often occur in open water habitats and are common 
within irrigation canals. Within the BSA this vegetation type was observed within many of the irrigation 
ditches and canals present throughout the region. Cattails were observed within open water as well as dry 
channels.  

4.4.6 Agriculture (Orchard, Irrigated Crop) 

Agricultural vegetation is associated with active crops or orchard lands used for food productions. Within 
Sutter County, agricultural lands are commonly associated with rice production but other types of irrigated 
row crops including orchards are also grown. A majority of the BSA is made up of agricultural lands, with 
most of the adjacent parcels bordering the project footprint made up of agriculture. During field surveys in 
March, most of the fields were fallow but historic imagery shows routine flooding for irrigation as well as 
fluctuations between disced and disturbed fields and full vegetation.  

5. Results 

This section discusses the results of the field surveys and desktop review. Figures are included as 
Attachment A, the wildlife and plant species potential to occur table is included as Attachment B, and 
representative site photos are included as Attachment C. 

5.1 Aquatic Resources 

A jurisdictional delineation of aquatic resources was not performed as part of this assessment. The 
summary of aquatic resources within the BSA was based on field observations during the survey and a 
combination of desktop reviews of pertinent databases and aerial imagery, e.g., USGS NHD, EPA NWI, 
Google Earth. A delineation would be required to verify the extents of potential jurisdictional aquatic 
resources within the Project footprint. 

The BSA has been isolated from the active Sacramento River and Sutter Basin floodplain for up to 100 
years, with former wetland reclaimed for agricultural practices (James and Singer 2008). Historically, the 
Sutter Basin encompassing the BSA was once marshland or other fringing aquatic features associated with 
the Sacramento River floodplain. Evidence of this is that the majority of the BSA is located on hydric soils 
which are commonly associated with deep clay soils formed in alluvium deposits and are found on most of 
the Sutter Basin (Long, 2023).  

5.1.1 Wetlands 

As discussed previously in Section 4.2, the majority of the BSA is located on designated hydric soils and 
although the BSA has been largely isolated from the Sacramento River floodplain, relict hydric soil may 
persist. Perennial ryegrass (a facultative wetland species), as well as cultivated rice (an obligate wetland 
plant), has significant coverage across the agricultural lands within the BSA. Additionally, historic roadside 
imagery shows irrigation practices such as flooding (e.g., for rice cultivation) within certain parcels near the 
energy facility and throughout the Sutter Basin suggesting long term inundation soils required for 
wetlands.  

A review of NWI data showed several wetland features. Most of the mapped wetlands are located within 
the greater Sutter Bypass area, between the Sutter Bypass main perennial channel and the Tisdale Bypass 
channel (Attachment C, Photo 6). Another NWI-mapped wetland area is located along the eastern portion 
of Reclamation Road, fringing an irrigation canal. A total of approximately 2.99 acres of Freshwater 
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Emergent Wetlands and 2.97 acres of Freshwater Forested Wetlands were mapped on the NWI within the 
BSA. 

A full aquatic resource delineation, which is outside the scope of this document, will be completed to 
determine the extent of wetlands that are potentially jurisdictional under the Clean Water Act (CWA) and 
the Porter-Cologne Water Quality Control Act. Final determination of the jurisdiction over aquatic 
resources is determined by U.S. Army Corps of Engineers (USACE) and Regional Water Quality Control 
Board (RWQCB). 

5.1.2 Other Waters 

Several surface water features are mapped on the NWI and NHD within the BSA. Mapped aquatic resources 
include major riverine features such as the Snake River and the Sutter Bypass, as well as several smaller 
irrigation canals that border and irrigate the agricultural fields throughout the region  

Larger aquatic features such as the Snake River (Attachment C, Photo 4) and the Sutter Bypass area 
(Attachment C, Photo 6) (which is sometimes considered to also include the Tisdale Bypass) are perennial 
aquatic resources. These features are confined by levees and are an important part of the Lower 
Sacramento Valley Flood-Control System along the southwest portion of the Sutter Basin. The greater 
Sutter Bypass area also features several areas of adjacent wetlands along the sides of the Tisdale Bypass 
and Sutter Bypass main channels. During the March 29, 2023, site visit the Sutter Bypass area was 
completely flooded and supported mature riparian forest along the banks of the perennial channels. 
These features are likely subject to CWA regulation, and permits would be required for impacts to these 
features. These areas are also subject to California Fish and Game Code (FGC) Section 1600 et seq. 
regulation. 

The smaller agricultural irrigation canal features in the BSA are mapped in both the NWI and NHD, with 
most of the irrigation ditches and canals mapped as manmade features. These irrigation features appear 
on the NHD as man-made perennial aquatic features (USGS 2023a) and are listed on NWI as Riverine, 
lower or unknown perennial, semi- to permanent flooded, excavated (Cowardin code: R2ABFx/ R4UBFx), 
implying potentially permanent irrigation water flows throughout the year in excavated canals.  Some of 
these channels represent artificially excavated channels while others may be historic stream channels that 
have been channelized by levees. During the March 29, 2023, site visit these features held ponded or 
flowing water and displayed aquatic and emergent hydrophytic vegetation (Attachment C, Photos 2, 5, 7, 
and 8). As these features are excavated drainages or realigned/channelized creeks, they may be subject to 
CWA regulation as non-wetland waters and permitting for impacts to these features may be required.  

For the purposes of this initial assessment, we assume that up to 29.52 acres of aquatic features could be 
temporarily impacted. Additionally, potential temporary impacts resulting from staging or access have not 
been estimated at this time as full construction impact areas have not been determined. It is assumed that 
temporary impacts to aquatic features would be minimal with the incorporation of the avoidance and 
minimization measures listed in Section 6.3.  

5.2 Special Status Species 

The CNDDB, CNPS, NMFS, and USFWS database searches identified 53 special-status species within the 
vicinity of the BSA, comprising 23 special-status plant species and 30 special-status wildlife species. Two 
(2) special-status plant species and 16 special-status wildlife species were determined to have potential to 
occur within the BSA due to the presence of potentially suitable habitat and known occurrences. These 
species are described in further detail in Attachment B, Tables 2-1 and 2-2. Special-status species 
identified in the database searches that are unlikely to be found in the BSA or otherwise be affected by the 
project are not discussed in this section and are also included in Attachment B. CNDDB occurrences of 
special-status species within 5 miles of the BSA are shown in Attachment A, Figure BIO-3. 

Based on habitat present within the BSA and known species occurrences, the following species have the 
potential to occur in the BSA are discussed in the following sections:  
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5.2.1 Fish Species with Potential to Occur 

5.2.1.1 Green Sturgeon– Southern DPS 

Green sturgeon (Acipenser medirostris) is a federally threatened species. There are three CNDDB 
occurrences of this species within five miles of the BSA. The only occurrences within the immediate vicinity 
of the project footprint are located in the Sacramento and Feather Rivers; the former is the only extant 
spawning location for the Southern DPS of this species in California. However, this species has been 
recovered in Tisdale Bypass during fish rescues, which has aquatic habitat connectivity to the project area 
in the East Canal and Sutter Bypass (CDFW 2020). NMFS designated critical habitat is present for green 
sturgeon in Sutter Bypass (NMFS, 2023). The proposed pipeline route will cross the Sutter Bypass. 

5.2.1.2 Steelhead – Central Valley DPS 

Steelhead – Central Valley DPS (Oncorhynchus mykiss irideus pop. 11) is a federally threatened species. 
There are two CNDDB occurrences of this species within five miles of the BSA. The only occurrences within 
the immediate vicinity of the project footprint are located in the Sacramento and Feather River, the former 
of which is designated critical habitat for steelhead (NMFS 2023). NMFS designated critical habitat is also 
present for steelhead (Central Valley DPS) in Sutter Bypass and the East Canal (NMFS, 2023). The 
proposed pipeline route will cross the Sutter Bypass and East Canal. 

5.2.1.3 Chinook Salmon – Central Valley Spring-Run ESU 

The chinook salmon – Central Valley spring-run ESU (Oncorhynchus tshawytscha pop. 11) is federally 
threatened and state threatened. There is one CNDDB occurrence of chinook salmon – Central Valley 
Spring-run ESU within five miles of the project footprint, located in the Feather River. NMFS critical habitat 
is present for chinook salmon (Central Valley Spring-Run ESU) in Sutter Bypass (NMFS 2023). The 
proposed pipeline route will cross the Sutter Bypass. 

5.2.1.4 Sacramento Splittail 

The Sacramento splittail (Pogonichthys macrolepidotus) is a CDFW species of special concern. It was listed 
as threatened under FESA in 1999 but was subsequently delisted in 2010 (USFWS 2010). There is one 
CNDDB occurrence of this species within five miles of the project footprint, located in the Feather River. 
Suitable habitat is present in the project footprint in the networks of canals, sloughs, drainages, and 
waterways. Flooded lands of the Sutter Bypass are also reported to be an important spawning and nursery 
area for Sacramento splittail (USFWS 2010).  

If impacts to these species may occur during project construction in the aforementioned waterways, 
appropriate mitigation measures will be implemented. 

5.2.2 Wildlife Species with Potential to Occur 

5.2.2.1 Tricolored Blackbird 

The tricolored blackbird (Agelaius tricolor) is a state threatened species and a CDFW species of special 
concern. There are seven CNDDB occurrences of the species within five miles of the project footprint. 
These occurrences are dispersed mostly around the southern extent of the proposed route. While none of 
the occurrences directly overlap the project footprint, the species has low site fidelity and routinely will 
colonize suitable habitats for nesting and foraging, which are ubiquitous throughout the project footprint. 
The vast expanses of agricultural fields and wetlands present in the project footprint provide highly 
suitable foraging habitat for the species, and the dense stands of emergent vegetation along the riparian 
corridors of agricultural drainages, canals, and rivers provides highly suitable nesting habitat for this 
species. See BIO-9 for recommended measures to avoid and minimize potential impacts to tricolored 
blackbird. 
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5.2.2.2 Swainson’s Hawk 

The Swainson's hawk (Buteo swainsonii) is a state threatened species. There are 40 CNDDB occurrences of 
the species within five miles of the project footprint. These occurrences are dispersed all the proposed 
route. While none of the occurrences directly overlap the project footprint, an anticipated 0.25-mile no-
disturbance buffer for the species would encapsulate significant portions of the project footprint in the 
vicinity of the Sutter National Wildlife Refuge. The vast expanses of agricultural fields present in the 
project footprint provide high quality foraging habitat for the species, and the stands of riparian trees 
along the riparian corridors of agricultural drainages, canals, and rivers provide suitable nesting habitat. 
See BIO-10 for recommended measures to avoid and minimize potential impacts to Swainson’s hawk. 

5.2.2.3 Western Yellow-billed Cuckoo 

The western yellow-billed cuckoo (Coccyzus americanus occidentalis) is a federally threatened and state 
endangered bird. There are no CNDDB occurrences of the species within five miles of the project footprint. 
However, the proposed route passes through Critical Habitat Unit CA-3 for this species. This area, which 
largely overlaps the Sutter National Wildlife Refuge, has recently been one of the most regularly occupied 
sites in the Sacramento Valley and provides a movement corridor between larger habitat patches (USFWS 
2014). The habitat in this area is the most suitable for this species, supporting the largest contiguous 
stands of riparian canopy throughout the project footprint. With implementation of the avoidance and 
minimization measures, discussed in Section 6.3, impacts to western yellow-billed cuckoo is not 
anticipated.  

5.2.2.4 Northern Harrier 

The northern harrier (Circus hudsonius) is found throughout North America and is a California species of 
special concern. In California, they inhabit open wetlands, marshy meadows, lightly grazed pastures, old 
fields, freshwater and brackish marshes, upland prairies, mesic grasslands, drained marshlands, croplands, 
and riparian woodland. There are no CNDDB occurrences of this species. However, this may be a result of 
their recent listing and cryptic nesting behavior.  The species nests in treeless environments within patches 
of dense, often tall, vegetation (e.g., cattails and meadowsweet [Spirea sp.]) in undisturbed areas. Suitable 
foraging habitat exists throughout the project footprint. See BIO-9 for recommended measures to avoid 
and minimize potential impacts to northern harrier. 

5.2.2.5 White-tailed Kite 

The white-tailed kite (Elanus leucurus) is a CDFW fully protected species. In California, white-tailed kites 
can be found in the Central Valley and along the coast, in grasslands, agricultural fields, cismontane 
woodlands, and other open habitats. There are no CNDDB occurrences of this species within five miles of 
the project footprint; however, suitable nesting habitat is present in and near the nearby Sutter National 
Wildlife Refuge, and suitable foraging habitat is present throughout the project area. See BIO-9 and BIO-
10 for recommended measures to avoid and minimize potential impacts to white-tailed kite.  

5.2.2.6 Loggerhead Shrike 

The loggerhead shrike (Lanius ludovicianus) is a CDFW species of special concern. There are no CNDDB 
occurrences of this species within five miles of the project footprint. However, this species’ similar 
appearance to northern mockingbird and small size may be attributed to the limited occurrence data. 
They require the presence of structures for impaling their prey, which often take the form of thorny or 
sharp-stemmed shrubs or barbed wire. Nests are typically established in shrubs and low trees, including 
sagebrush, willow, and mesquite, though brush piles may also be used when shrubs are not available. 
Suitable nesting habitat and impaling substrate is present throughout the project footprint. See BIO-9 for 
recommended measures to avoid and minimize potential impacts to loggerhead shrike. 



Biological Resources - Technical Memorandum 

 

  

Jacobs Engineering Group Inc. 

      

11 

 

5.2.2.7 Song Sparrow (Modesto Population) 

The Modesto population of the song sparrow (Melospiza melodia) is a California species of special 
concern. This species nests close to the ground in tall grasses, shrubs, trees, or marsh vegetation, typically 
above water. There are no CNDDB occurrences within five miles of the project footprint. However, suitable 
nesting habitat is present in the vicinity of the Sutter National Wildlife Refuge and in riparian areas along 
canals and drainages throughout the project footprint. Therefore, this species should be assumed as 
present. See BIO-9 for recommended measures to avoid and minimize potential impacts to song sparrow. 

5.2.2.8 Bank Swallow 

The bank swallow (Riparia riparia) is a state threatened species. There are 11 CNDDB occurrences of the 
species within five miles of the project footprint. These occurrences are all concentrated along the 
Sacramento and Feather Rivers. While none of the occurrence directly overlap the project footprint, 
habitat along the banks of the East Canal and Sutter Bypass is suitable for this species, with steep banks 
made of friable soils highly suitable for nesting. Therefore, this species has potential to occur in the project 
area. See BIO-9 for recommended measures to avoid and minimize potential impacts to bank swallow. 

5.2.2.9 Western Pond Turtle 

The western pond turtle (Emys marmorata) is a CDFW species of special concern and is under review for 
listing under the federal endangered species act. There is one CNDDB occurrence of this species within five 
miles of the project footprint, which is located within the Sutter National Wildlife Refuge. Though there are 
very few CNDDB occurrences in the vicinity of the project, suitable habitat for this species is present 
throughout the project footprint. Suitable aquatic habitat is present in the canals, drainages, and rivers 
surrounding the project footprint, and upland habitat is present in the riparian corridors and agricultural 
fields along both proposed routes. Surveyors observed one western pond turtle, lying dead on the 
roadside, during the March 29, 2023, reconnaissance survey along the MNS-07 proposed pipeline ROW, 
near the revised project footprint (Attachment C, Photo 9). Therefore, this species should be assumed 
present; see BIO-8 for recommended measures to avoid and minimize potential impacts to western pond 
turtle. 

5.2.2.10 Giant Garter Snake 

The giant garter snake (Thamnophis gigas) is a federally threatened and state threatened species. There 
are 34 CNDDB occurrences of giant garter snake within five miles of the project footprint, which 
encompass the entire project footprint. One occurrence overlaps the project footprint towards the 
northern end of the route in the vicinity of Sutter National Wildlife Refuge. The project is in the heart of 
this species’ range, and the networks of canals and drainage ditches adjacent to floodplains and 
agricultural fields constitute high quality habitat for this species. Therefore, this species should be 
assumed present; see BIO-8 for specific recommended measures to avoid and minimize potential impacts 
to giant garter snake.  

5.2.2.11 Western Red Bat 

The western red bat (Lasiurus blossevillii) is a CDFW species of special concern. There are no CNDDB 
occurrences for this species within five miles of the project footprint; however, this may be attributed to 
the species’ cryptic nature. Western red bats are usually solitary, roosting in the foliage of large shrubs and 
trees, usually taking shelter on the underside of leaves. However, they may also be found in rock crevices 
adjacent to riparian corridors. Western red bats roost along woodland borders, including oak riparian 
habitats, and urban areas with large-leafed trees. Suitable roosting habitat for this species i.e., riparian 
trees, is present within the project footprint, particularly in the area between Sutter Bypass and the East 
Canal. With implementation of the avoidance and minimization measures, discussed in Section 6.3, 
impacts to western red bat are not anticipated. 
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5.2.2.12 Valley Elderberry Longhorn Beetle 

The Valley elderberry longhorn beetle is a federally threatened species. There are no CNDDB occurrences 
of this species within five miles of the project footprint. Presence within the project footprint is contingent 
upon the presence of elderberry shrubs. If elderberry is present along the project footprint, and trimming 
or removal of vegetation is required, impacts to this species should be anticipated. Surveyors were unable 
to access the area between Sutter Bypass and the East Canal, and therefore, could not determine the 
presence or absence of elderberry within the project footprint. 

5.2.3 Migratory Birds 

IPaC lists 18 migratory birds of conservation concern as potentially occurring within the BSA: bald eagle 
(Haliaeetus leucocephalus), Belding’s savannah sparrow (Passerculus sandwichensis beldingi), black tern 
(Chlidonias niger), Bullock’s oriole (Icterus bullockii), California gull (Larus californicus), golden eagle 
(Aquila chrysaetos), Lawrence’s goldfinch (Carduelis lawrencei), common yellowthroat (Geothlypis trichas 
sinuosa), Marbled godwit (Limosa fedoa), Nuttall’s woodpecker (Picoides nuttallii), mountain plover 
(Charadrius montanus), oak titmouse (Baeolophus inornatus), olive-side flycatcher (Contopus cooperi), 
short-billed dowitcher (Limnodromus griseus), tricolored blackbird (Agelaius tricolor), western grebe 
(Aechmophorus occidentalis), yellow-billed magpie (Pica nuttalli), and wrentit (Chamaea fasciata) 
(USFWS 2023a). In addition, several other bird species are expected to occur in the area and have 
potential to nest in or near the BSA. 

The California gull, Clark’s grebe, salt marsh common yellowthroat, marbled godwit, black tern, short-
billed dowitcher, and willet are wading birds or salt marsh birds. Wading birds and waterfowl are 
considered common in the Yuba-Sutter area and should be anticipated to infrequently occur within the 
BSA, depending on time of year. However, presence of these species nesting within the BSA is unlikely but 
it is more likely to encounter flyovers or opportunistic foraging. Additionally, mountain plover is not 
known to nest in California’s Central Valley.  

Allen’s hummingbird, Nuttall’s woodpecker, oak titmouse, olive-side flycatcher, Lawrence’s goldfinch, 
yellow-billed magpie, and wrentit have the potential to nest within the project footprint; however, general 
preconstruction nesting bird surveys and avoidance buffers for nesting individuals would prevent impacts 
to this species. Furthermore, the BSA does contain suitable foraging and potentially suitable nesting 
habitat for bald eagle and golden eagle, but development of the project would not meaningfully diminish 
the quality or amount of this habitat in the vicinity. With implementation of the avoidance and 
minimization measures, discussed in Section 6.3, impacts to these nesting bird species is not anticipated. 

5.2.4 Plant Species with Potential to Occur 

5.2.4.1 Woolly Rose-mallow 

The woolly rose-mallow (Hibiscus lasiocarpos var. occidentalis) is a perennial, rhizomatous, aquatic 
emergent herb and has a CNPS ranking of 1B.2. Woolly rose-mallow is found in freshwater marshes and 
swamps from and occurs in freshwater-soaked riverbanks and low peat islands in sloughs. In California, it 
is known from the Delta watershed in Butte, Contra Costa, Colusa, Glenn, Sacramento, San Joaquin, 
Solano, Sutter, and Yolo counties. Suitable habitat is present in the project footprint along the riparian 
area between the East Canal and Sutter Bypass, where one CNDDB occurrence overlaps the project 
footprint. See BIO-11 for recommended measures to avoid and minimize potential impacts to woolly rose-
mallow. 

5.2.4.2 Wright's trichocoronis 

Wright's trichocoronis (Trichocoronis wrightii var. wrightii) is an annual herb found in meadows and seeps, 
marshes and swamps, riparian forest, and vernal pools in alkaline soils in Colusa, Merced, Riverside, San 
Joaquin, and Sutter Counties. (CNPS 2023). Suitable habitat is present in project footprint in the vicinity of 



Biological Resources - Technical Memorandum 

 

  

Jacobs Engineering Group Inc. 

      

13 

 

the irrigation ditches and canals. Also, there is one CNDDB occurrence within five miles of the project 
footprint. See BIO-11 for recommended measures to avoid and minimize potential impacts to Wright’s 
trichocoronis. 

6. Discussion and Summary of Recommendations 

6.1 Aquatic Resources 

Relict hydric soils are present within the Sutter Basin. Routine flooding irrigation practices, the presence of 
facultative plants, relict hydric soils known to be present within the Sutter Basin, as well as aquatic 
resources documented on the NWI within the BSA all indicate that there is a strong potential for wetlands 
within the BSA.  

Impacts to major riverine features such as waters within the Sutter Bypass and irrigation canals could also 
be subject to CWA jurisdiction. Observed aquatic features displayed active flow and/or indications of an 
ordinary-high water mark. It is assumed that aquatic features will be regulated by USACE and/or RWQCB 
and require permitting for impacts under the CWA and/or Porter-Cologne Water Quality Control Act. It is 
similarly assumed that these resources are subject to FGC Section 1600 et seq.  

6.2 Special-Status Wildlife and Plant Species 

The BSA is in an agriculturally dominated portion of Sutter County and near suitable habitat for the 
previously identified species. The most significant biological constraints in the proposed ROW are located 
in and near the Sutter Bypass.  

The pipeline alignment route overlaps one historic CNDDB occurrence of giant garter snake as it crosses 
the Snake River (Attachment A, Figure BIO-3). Though this occurrence is decades old, there are numerous 
occurrences of giant garter snake in agricultural irrigation canals or ditches within the vicinity of the BSA. 
Giant garter snake and western pond turtle have similar habitat requirements for freshwater aquatic 
resources, which are present throughout the alignment, therefore these two species should be expected to 
be encountered. Additionally, one western pond turtle was observed dead on the roadside during the 
initial reconnaissance survey. Exclusion of these species from the work area would likely be done using 
wildlife exclusion fencing (WEF) and additional BIO measures. Due to the pipeline alignment’s proximity to 
water sources throughout the route, temporary WEF would likely need to be installed along the entire 
route and in some sections, on both sides of the route during construction.  

The southern portion of the pipeline alignment has multiple occurrences for Swainson’s hawk that are 
concentrated on the west side of the alignment in the vicinity of the Sacramento River. Due to the 
presence of high-quality foraging habitat in the fields near the BSA, any trees in this area may support 
nesting Swainson’s hawks or white-tailed kites. Additionally, tricolored blackbird may occur within the BSA. 
Based on aerial imagery, suitable tricolored blackbird foraging habitat and potentially suitable nesting 
habitat occurs along the ROW, consisting of dense stands of riparian vegetation along irrigation rivers and 
canals. Western yellow-billed cuckoo may also occur in the riparian forest of the Sutter Bypass area. 

Critical habitat for green sturgeon, steelhead, and chinook salmon are located along the southern extent 
of the Sutter National Wildlife Refuge due to the large tracts of undisturbed riparian forest. Directional 
drilling could result in frac-out which could impact listed fish species; however, this is not expected 
because the intended pipeline construction methodology does not intend to alter the bed, bank, or 
channel of existing aquatic features. 

Suitable habitat for woolly rose mallow and Wright’s trichocoronis does occur within the project’s vicinity 
(Attachment A, Figure BIO-3). However, the potential for these plants to occur is low due to the highly 
disturbed agricultural surroundings and no observations within the BSA. Despite this, rare plants should be 
taken into consideration; see BIO-11: Rare Plant Species Measures, for measures to avoid and minimize 
potential take of woolly rose-mallow and Wright’s trichocoronis.  
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Further field verification would be needed to determine if there are any existing elderberry trees that are 
located within the updated pipeline alignment. Additional surveys that span the entire alignment would be 
able to further determine the potential for valley elderberry longhorn beetle.  
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Attachment B. Species Potential to Occur Tables 

  

  



 Table 3-1. Special-Status Wildlife Species Having Potential to Occur within the BSA 

Scientific Name/ 

Common Name 

Statusa 

Habitat Potential for Occurrence within the BSA F
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Fish  

Acipenser 

medirostris / green 

sturgeon – 

Southern Distinct 

Population 

Segment (DPS) 

T - - These are the most marine species of sturgeon. Abundance increases 

northward of Point Conception. Spawns in the Sacramento, Klamath, 

and Trinity Rivers. Spawns at temperatures between 8 to 14 degrees 

Celsius. Preferred spawning substrate is large cobble but can range 

from clean sand to bedrock. 

Potential to occur. Occurrences in Tisdale 

Bypass have aquatic habitat connectivity to 

the project footprint. There are 3 CNDDB 

occurrences of this species within 5 miles of 

the proposed project footprint. 

Oncorhynchus 

mykiss irideus pop. 

11 / steelhead 

Central Valley DPS 

T - - Today, all adult Central Valley steelhead are winter-run fish, beginning 

their upstream migrations to fresh water during peak flows between 

December and February. In general, both juveniles and adults prefer 

complex habitat boulders, submerged clay and undercut banks, and 

large woody debris that provide feeding opportunities, segregation of 

territories, a refuge from high velocities, and cover from predators. 

Potential to occur. The East Canal and Sutter 

Bypass, which overlaps a portion of the 

project, is NMFS Critical Habitat for the 

species. There are two CNDDB occurrences of 

this species within 5 miles of the proposed 

project footprint. 

Oncorhynchus 

tshawytscha pop. 

11 / chinook 

salmon - Central 

Valley spring-run 

ESU 

T T - Salmon need suitable spawning habitat. Clean, cool, oxygenated, 

sediment-free fresh water is essential for egg development. Chinook 

use larger sediment (gravel) sizes for spawning than other Pacific 

salmon. Riparian vegetation and woody debris help juvenile salmon by 

providing cover and maintaining low water temperatures. Young 

salmon feed in streambeds for a short period until they are strong 

enough to journey out to the ocean and acquire more food. 

Potential to occur. The Sutter Bypass has 

been designated as NMFS critical habitat for 

this species. There is one CNDDB occurrences 

of this species within 5 miles of the proposed 

project footprint, located in the Feather River. 

 

Oncorhynchus 

tshawytscha pop. 

11 / chinook 

salmon – 

Sacramento River 

winter-run ESU 

E E - Salmon need suitable spawning habitat. Clean, cool, oxygenated, 

sediment-free fresh water is essential for egg development. Chinook 

use larger sediment (gravel) sizes for spawning than other Pacific 

salmon. Riparian vegetation and woody debris help juvenile salmon by 

providing cover and maintaining low water temperatures. Young 

salmon feed in streambeds for a short period until they are strong 

enough to journey out to the ocean and acquire more food. 

No potential. Project is outside of species 

known range. 
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Pogonichthys 

macrolepidotus / 

Sacramento 

splittail 

- - SSC Splittail are primarily freshwater fish but can tolerate moderate salty 

water. They are found mostly in slow-moving marshy sections of rivers 

and dead-end sloughs. Floodplains may be important for spawning. 

Potential to occur. The proposed route 

overlaps the current range for this species. 

Suitable habitat is present along the entire 

project footprint for both routes in the 

networks of canals, sloughs, drainages, and 

waterways. There is one CNDDB occurrences 

of this species within 5 miles of the proposed 

project footprint, located in the Sacramento 

River near Knight’s Landing. 

Spirinchus 

thaleichthys / 

longfin smelt 

C T - Longfin Smelt is historically found in the San Francisco Estuary and the 

Sacramento/San Joaquin Delta (Bay-Delta), Humboldt Bay, and the 

estuaries of the Eel River and Klamath River— and uses a variety of 

habitats from nearshore waters to estuaries and lower portions of 

freshwater streams. Eggs are thought to be released in freshwater over 

sandy, or gravel substrates, rocks and aquatic plants. Larvae move up 

and down in the water column to maintain position within the mixing 

zone of the Estuary where foraging on small shrimp-like crustaceans 

occurs. 

Absent. Project is outside of species known 

range.  

Thaleichthys 

pacificus / 

eulachon 

T - - Eulachon are anadromous; however, they spend about 95 percent of 

their life at sea, returning to spawn in the lower portions of coastal 

rivers that are fed by snowmelt or glacial run off. Many rivers within the 

range of eulachon have consistent yearly spawning runs; however, 

eulachon may appear in other rivers only on an irregular or occasional 

basis. The spawning migration typically begins when river 

temperatures are between 0 and 10⁰ C, which usually occurs between 

December and June. 

Absent. Project is outside of species known 

range.  

Birds 

Agelaius tricolor / 

tricolored blackbird 

- T SSC For breeding site selection, the species requires open accessible water; 

a protected nesting substrate, including either flooded or thorny or 

spiny vegetation; and a suitable foraging space providing adequate 

insect prey within a few miles of the nesting colony. Nest are created in 

Potential to occur. The proposed route 

intersects highly suitable nesting and 

foraging habitat for the species. There are 7 
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emergent vegetation within aquatic and riparian habitats. Tricolored 

blackbird typically favor freshwater marshes dominated by cattails 

(Typha spp.) or bulrushes (Schoenoplectus spp.) in the Central Valley. 

CNDDB occurrences within 5 miles of the 

project footprint. 

 

Athene cunicularia 

/ Western 

burrowing owl 

- - SSC This species inhabits open, dry annual or perennial grasslands, deserts, 

and scrublands characterized by low-growing vegetation. It is 

dependent upon burrowing mammals, most notably, the California 

ground squirrel. 

Unlikely to occur. The agricultural lands and 

farm roads along the project alignment 

provide marginally suitable habitat. There are 

no CNDDB occurrences within 5 miles of the 

project footprint. 

Buteo swainsonii / 

Swainson’s hawk 

- T  Swainson's hawks often nest peripherally to riparian systems of the 

valley as well as using lone trees or groves of trees in agricultural 

fields. Swainson's hawks require large, open grasslands with abundant 

prey in association with suitable nest trees. Suitable foraging areas 

include native grasslands or lightly grazed pastures, alfalfa and other 

hay crops, and certain grain and row croplands. 

Present. The proposed route intersects highly 

suitable foraging habitat for the species in the 

heart of the species range in California. 

Groves or standalone trees along the 

countless waterways could provide highly 

suitable nesting habitat. There are 40 CNDDB 

occurrences within 5 miles of the project 

footprint. 

 

Coccyzus 

americanus 

occidentalis / 

Western yellow-

billed cuckoo 

T E - Yellow-billed cuckoos use wooded habitat with dense cover and water 

nearby, including woodlands with low, scrubby, vegetation, overgrown 

orchards, abandoned farmland and dense thickets along streams and 

marshes. 

Potential to occur. The proposed routes 

intersect highly suitable nesting habitat for 

the species in the form of dense riparian 

forest along the many waterways intersecting 

the project footprint. Additionally, the 

proposed route overlaps USFWS Critical 

Habitat for this species. There are no CNDDB 

occurrences within 5 miles of the project 

footprint. 

 

Charadrius 

montanus / 

mountain plover 

- - SSC Mountain Plovers nest in shortgrass prairie, especially where blue 

grama, buffalo grass, and western wheat grass are dominant; and in 

grassy semidesert with scattered saltbush, sage, prickly pear, and 

yucca, at elevations ranging from 2,100 to 10,663 feet. They also nest 

Unlikely to occur. There is 1 CNDDB 

occurrences within 5 miles of the project 

footprint, located west of the Sacramento 

River. This species is only known to overwinter 
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in fallow or recently plowed agricultural fields and in overgrazed 

landscapes that mimic their natural shortgrass habitat. During 

migration they may appear in almost any shortgrass habitat, including 

sod farms, playas, or tilled fields.  

in California, and is very sensitive to 

disturbance, which is likely too significant in 

the vicinity of the project footprint. 

 

Charadrius nivosus 

nivosus / western 

snowy plover 

T - SSC These birds are found along sandy coasts, estuaries, lagoons, brackish 

inland lakes, open mudflats, reservoirs, and ponds. They nest in large 

tracts of sandy soils with little to no vegetative cover. 

Absent. Project is outside of species known 

range.  

Circus hudsonius/ 

Northern harrier 

- - SSC In California, they inhabit open wetlands, marshy meadows, lightly 

grazed pastures, old fields, freshwater and brackish marshes, upland 

prairies, mesic grasslands, drained marshlands, croplands, and riparian 

woodland. 

Potential to occur. Suitable nesting and 

foraging habitat occurs throughout the 

project footprint. 

Elanus leucurus / 

white-tailed kite 

- - FP In California, white-tailed kites can be found in the Central Valley and 

along the coast, in grasslands, agricultural fields, cismontane 

woodlands, and other open habitats. 

Potential to occur. Suitable nesting and 

foraging habitat occurs throughout the 

project footprint. 

Lanius ludovicianus 

/ loggerhead shrike 

- - SSC This species can be found in grasslands, scrub habitats, riparian areas, 

other open woodlands, ruderal habitats, and developed areas, 

including golf courses and agricultural fields. They require the 

presence of structures for impaling their prey; these most often take 

the form of thorny or sharp-stemmed shrubs, or barbed wire. 

Potential to occur. Suitable nesting habitat 

and barbed wire for impaling prey occurs 

throughout the project footprint. 

Laterallus 

jamaicensis 

coturniculus / 

California black rail 

- T FP Freshwater marshes, wet meadows, and shallow margins of saltwater 

marshes. Needs water depth of about 1 inch that does not fluctuate 

during the year, and dense vegetation for nesting habitat. 

Unlikely to occur.  While there have been 

occurrences of this species in Yuba County, 

their range is primarily restricted to the 

marshes San Pablo and San Francisco Bay 

Area. There is one CNDDB occurrences of this 

species within 5 miles of the proposed project 

footprint, located just east of Sutter National 

Wildlife Refuge. 

Melospiza melodia 

pop. 1 / song 

- - SSC This species inhabits primarily emergent freshwater marshes 

dominated by tules (Scirpus spp.) and cattails (Typha spp.) as well as 

riparian willow (Salix spp.) thickets. These Song Sparrows also nest in 

Potential to occur. Suitable nesting habitat 

present in riparian areas along the many 
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sparrow (Modesto 

population) 

riparian forests of Valley Oak (Quercus lobata) with a sufficient 

understory of blackberry (Rubus spp.), along vegetated irrigation 

canals and levees, and in recently planted Valley Oak restoration sites. 

networks of canals, sloughs, and waterways in 

the project footprint.  

 

 

Riparia riparia / 

bank swallow 

- T - Bank Swallows breed in open lowland areas near bodies of water. They 

build nest colonies in holes in soil along steep banks of bare riparian 

systems. They tend to avoid forests, woodlands, or areas where they 

cannot find appropriate nesting habitats. 

Potential to occur. Suitable nesting habitat 

may be present along the many networks of 

canals, sloughs, and waterways in the project 

footprint. There are 11 CNDDB occurrences of 

this species within 5 miles of the proposed 

project footprint, located mostly along the 

Sacramento River and Feather River. 

 

Reptiles 

Emys marmorata / 

western pond turtle 

- - SSC Western pond turtles inhabit a variety of freshwater and brackish 

aquatic habitats, including rivers, streams, lakes, stock ponds, and 

sloughs. They prefer habitats with extensive basking sites, including the 

presence of woody debris, emergent vegetation, and boulders. Females 

dig nests along the banks of aquatic habitat in clay and sandy soils. 

Present. Suitable aquatic and terrestrial 

nesting habitat is ubiquitous in the project 

footprint in the networks of sloughs, 

drainages, waterways and agricultural parcels. 

There is one CNDDB occurrence of this 

species within 5 miles of the proposed project 

footprint, located mostly at the confluence of 

the Sacramento and Feather Rivers and within 

the Sutter National Wildlife Refuge. A road 

killed individual was observed within the 

project alignment during a reconnaissance 

level survey on March 28, 2023. 

Thamnophis gigas 

/ giant garter snake 

T - - Their range extends from Butte and Glenn counties in the north to 

Fresno County in the south, where they are known to live in a variety of 

agricultural, managed and natural wetlands. Giant garter snakes 

inhabit natural wetlands like marshes, sloughs, ponds, small lakes and 

small streams. These snakes also live in artificial waterways and 

Present. Suitable aquatic and terrestrial 

habitat is ubiquitous in the project footprint in 

the networks of sloughs, drainages, waterways 

and agricultural parcels. The project footprint 

is in the heart of the species’s range, and 
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agricultural wetlands, like irrigation and drainage canals and rice fields; 

and the adjacent uplands. 

there are 34 CNDDB occurrences within 5 

miles of the project footprint. 

 

Amphibians 

Ambystoma 

californiense / 

California tiger 

salamander – 

Central Valley DPS  

T T - California tiger salamander require upland habitat in the form of 

grassland or oak savanna with complexes of small mammal burrows 

within 0.7 miles of suitable breeding habitat. Breeding habitat includes 

ponds with no predatory fish, vernal pools, ephemeral drainages, and 

occasionally ponded areas of streams. 

Absent. No suitable breeding habitat is 

present within the project footprint.  

Rana draytonii / 

California red-

legged frog 

T - SSC This species inhabits lowlands and foothills in or near permanent 

sources of deep water with dense, shrubby or emergent riparian 

vegetation. 

Absent. Project footprint is outside of 

species’s known range. 

Mammals 

Lasiurus frantzii / 

western red bat 

- - SSC Western red bats are a solitary roosting species and prefer to roost in 

trees with dense foliage, such as cottonwood and willows. 

Potential to occur. Suitable roosting habitat 

may be present in the riparian areas along the 

many networks of canals, sloughs, and 

waterways in the project footprint.  

Invertebrates 

Bombus crotchii / 

Crotch’s bumble 

bee 

- CE - Nest underground in scrub grassland habitats, and individuals forage 

at sages, lupines, medics, phacelias, and milkweeds (Asclepias spp.).  

Unlikely to occur. Suitable grassland habitat 

is present in the project footprint but is 

substantially disturbed. 

Bombus 

occidentalis 

occidentalis / 

western bumble 

bee 

-  CE  -  
Open grassy areas, urban parks and gardens, chaparral and shrub 

areas, and mountain meadows.   

Unlikely to occur. Suitable grassland habitat 

is present in the project footprint but is 

substantially disturbed.  
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Danaus plexippus / 

Monarch butterfly 

C T - Closed-cone coniferous forest. Require the presence of milkweed 

(Asclepias spp.) for breeding and nighttime roosting sites during 

migration.  

Unlikely to occur. The species may use the 

project footprint during migration, but 

suitable closed-cone coniferous forest is 

absent from the project footprint. There are 

no CNDDB occurrences within 5 mile of the 

project footprint. 

Desmocerus 

californicus 

dimorphus/ Valley 

Elderberry 

Longhorn Beetle 

T - SSC Occurs only in the Central Valley of California, in association with blue 

elderberry (Sambucus mexicana). Prefers to lay eggs in elderberries 2 

to 8 inches in diameter; some preference shown for "stressed" 

elderberries.  

Potential to occur. The project footprint is 

located within the heart of the species’ range. 

If elderberry shrubs are present in the project 

footprint, this species is likely present.  

Branchinecta lynchi 

/ Vernal Pool Fairy 

Shrimp  

T - - Endemic to the grasslands of the central valley, central coast 

mountains and south coast mountains in rain-filled vernal pools and 

swales.  

Absent. No suitable vernal pool habitat is 

present within the project footprint. 

Lepidurus packardi 

/ Vernal Pool 

Tadpole Shrimp 

E - - Vernal pool tadpole shrimp are found only in ephemeral freshwater 

habitats, including alkaline pools, clay flats, vernal lakes, vernal pools, 

vernal swales and other seasonal wetlands in California. Their range 

encompasses the Central Valley, Delta and eastern San Francisco Bay 

areas. Sacramento County represents important habitat for the vernal 

pool tadpole shrimp by providing large, nearly contiguous areas of 

relatively undisturbed, high-quality vernal pool habitat. 

Absent. No suitable vernal pool habitat is 

present within the project footprint. 
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Astragalus tener var. 

ferrisiae / Ferris' milk-

vetch 

 

 

- - 1B.1 Annual herb found in vernally mesic meadows and 

seeps and subalkaline flats in valley and foothill 

grasslands in Butte, Colusa, Glenn, Sutter, Yuba, Yolo, 

and Solano counties (CNPS 2023). 

April-May Absent. No vernally mesic meadows 

and seeps present in project 

footprint. There are no CNDDB 

occurrences within 5 miles of the 

project footprint. 

Atriplex cordulata var. 

cordulata / heartscale 

- - 1B.2 Annual herb found in chenopod scrub, meadows and 

seeps, and valley and foothill grasslands often in 

alkaline soils throughout the Central Valley (CNPS 

2023). 

April-

October 

Absent. No vernally mesic meadows 

and seeps present in project 

footprint. There are no CNDDB 

occurrences within 5 miles of the 

project footprint. 

Centromadia parryi ssp. 

rudis / Parry’s rough 

tarplant 

- - 4.2 Annual herb found in vernally mesic and alkaline soils 

in valley and foothill grasslands and vernal pools – 

sometimes along roadways – from Chico to Madera, 

with one small population north of Susanville (CNPS 

2023). 

May-October 
Absent. No vernally mesic habitat is 

present in project footprint. There 

are no CNDDB occurrences within 5 

miles of the project footprint. 

Chloropyron palmatum 

/ palmate-bracted 

bird's-beak 

E E 1B.1 Annual hemiparasitic herb found in alkaline soil of 

chenopod scrub and Valley and foothill grassland 

from 16 to 510 ft.  Known from Alameda, Colusa, 

Fresno, Glenn, Madera, and Yolo counties.  Presumed 

extirpated in San Joaquin County (CNPS 2023).  

May-October Absent. Grassland habitat is present 

in the project footprint but is 

substantially disturbed. There are 

no CNDDB occurrences within 5 

miles of the project footprint. 

Cryptantha rostellata / 

red-stemmed 

cryptantha 

- - 4.2 Annual herb found in cismontane woodlands and 

valley and foothill grasslands in gravelly or volcanic 

soils – sometimes along roadways – in Butte, Colusa, 

Napa, Shasta, and Sutter Counties (CNPS 2023). 

April-June Absent. No suitable gravelly or 

volcanic soils present in project 

footprint. There are no CNDDB 

occurrences within 5 miles of the 

project footprint. 

Delphinium recurvatum 

/ recurved larkspur 

- - 1B.2 Perennial herb found in cismontane woodlands, 

chenopod scrub, and valley and foothill grasslands in 

alkaline soils across the Central Valley (CNPS 2023). 

March-June Absent. Grassland habitat is present 

in the project footprint but is 

substantially disturbed. There are 



no CNDDB occurrences within 5 

miles of the project footprint. 

Extriplex joaquinana / 

San Joaquin spearscale 

- - 1B.2 Annual herb found in alkaline chenopod scrub, 

meadows and seeps, playas, and Valley and foothill 

grassland from 3 to 2,740 ft.  Known from Alameda, 

Contra Costa, Colusa, Fresno, Glenn, Merced, 

Monterey, Napa, San Benito, Santa Clara, San 

Joaquin, San Luis Obispo, Solano, Tulare, and Yolo 

Counties. (CNPS 2023).  

April-

October Absent. No suitable microhabitat is 

present in the project footprint. 

There are no CNDDB occurrences 

within 5 miles of the project 

footprint. 

Fritillaria agrestis / 

stinkbells 

- - 4.2 Perennial bulbiferous herb found in cismontane 

woodlands, chaparral, pinyon and juniper woodland, 

and valley and foothill grasslands in clay and often 

serpentine soils from Mendocino to Santa Barbara 

Counties (CNPS 2023). 

March-June Absent. No woodland or chaparral 

habitat present in project footprint. 

Grassland habitat is present in the 

project footprint but is substantially 

disturbed. There are no CNDDB 

occurrences within 5 miles of the 

project footprint. 

Hemizonia congesta 

ssp. calyculata / 

Mendocino tarplant 

- - 4.3 Annual herb found in cismontane woodlands and 

valley and foothill grasslands often in serpentine soils 

in Lake, Mendocino, Sutter, and Tehama Counties. 

(CNPS 2023) 

July-

November 

Absent. No serpentine soils present 

in project footprint. There are no 

CNDDB occurrences within 5 miles 

of the project footprint. 

Hesperevax caulescens 

/ hogwallow starfish 

- - 4.2 Annual herb found in mesic clay valley and foothill 

grasslands and shallow vernal pools in alkaline soils 

throughout the Central Valley (CNPS 2023). 

March-June Absent. No vernal habitat is present 

in the project footprint. There are 

no CNDDB occurrences within 5 

miles of the project footprint. 

Hibiscus lasiocarpos var. 

occidentalis / woolly 

rose-mallow 

- - 1B.2 A perennial, rhizomatous, aquatic emergent herb 

found in freshwater marshes and swamps from 0 to 

400 ft.  Occurs in freshwater-soaked riverbanks and 

low peat islands in sloughs.  In CA, known from the 

Delta watershed in Butte, Contra Costa, Colusa, Glenn, 

Sacramento, San Joaquin, Solano, Sutter, and Yolo 

cos.  (CNPS 2017; Baldwin et al. 2012).  

June-

November 

Potential to occur. Suitable habitat 

is present in project footprint in the 

vicinity of the Sutter National 

Wildlife Refuge. There are five 

CNDDB occurrences within 5 miles 

of the project footprint, one of 

which overlaps the proposed 

pipeline route. 

 

Lasthenia ferrisiae / 

Ferris’ goldfields 

- - 4.2 Annual herb found in alkaline and clay vernal pools 

throughout the Central Valley. (CNPS 2023) 

February-

May 
Absent. No vernal habitat present in 

project footprint. There are no 



CNDDB occurrences within 5 miles 

of the project footprint. 

Lasthenia glabrata ssp. 

coulteri / Coulter's 

goldfields 

- - 1B.1 Annual herb found in coastal salt marshes and 

swamps, playas, and vernal pools from Chico to San 

Diego. (CNPS 2023) 

February-

June 

Absent. No vernal or salt marsh 

habitat present in project footprint. 

There are no CNDDB occurrences 

within 5 miles of the project 

footprint. 

Lathyrus delnorticus / 

Del Norte pea 

- - 4.3 Perennial herb found in lower montane coniferous 

forest and North Coast coniferous forest in serpentine 

soils in Del Norte, Siskiyou, and Sutter Counties. 

(CNPS 2023)  

June-July Absent. No coniferous forest habitat 

is present in the project footprint. 

There are no CNDDB occurrences 

within 5 miles of the project 

footprint. 

Layia septentrionalis / 

Colusa layia 

- - 1B.2 Annual herb found in chaparral, cismontane 

woodland, and valley and foothill grasslands often in 

sandy or serpentine soils in Butte, Colusa, Glenn, 

Lake, Mendocino, Napa, Sonoma, Sutter, Tehama, and 

Yolo Counties. (CNPS 2023) 

April-May Absent. No sandy or serpentine 

soils is present in project footprint. 

There are no CNDDB occurrences 

within 5 miles of the project 

footprint. 

Lepidium 

latipes var. heckardii / 

Heckard's pepper-grass  

- - 1B.2 Annual herb found in alkaline flats within valley and 

foothill grasslands in Glenn, Merced, Sacramento, 

Solano, and Yolo Counties. (CNPS 2023). 

March-May Absent. No alkaline flats are 

present in project footprint. There 

are no CNDDB occurrences within 5 

miles of the project footprint. 

Monardella venosa / 

veiny monardella 

- - 1B.1 Annual herb found in cismontane woodlands and 

valley and foothill grasslands with clay soils in Butte, 

Sutter, Tuolumne, and Yuba Counties. (CNPS 2023) 

May-July Unlikely to occur. Grassland habitat 

is present in the project footprint 

but is substantially disturbed. There 

is one CNDDB occurrences within 5 

miles of the project footprint. 

Navarretia 

leucocephala / Baker’s 

navarretia 

- - 1B.1 Annual herb found in a variety of mesic habitats, 

including cismontane woodland, lower montane 

coniferous forest, meadows and seeps, valley and 

foothill grasslands, and vernal pools from Humboldt 

to Solano Counties. (CNPS 2023) 

April-July 
Absent. No vernal habitat is present 

in project footprint. There is one 

CNDDB occurrences within 5 miles 

of the project footprint. 

Pseudobahia bahiifolia 

/ Hartweg's Golden 

Sunburst 

E E 1B.1 Annual herb found in cismontane woodlands and 

valley and foothill grasslands in acidic, clay soils in 

Fresno, Madera, Merced, Stanislaus, Sutter, 

Tuolumne, and Yuba Counties. (CNPS 2023) 

March-April 
Unlikely to occur. Grassland habitat 

is present in the project footprint 

but is substantially disturbed. There 



is one CNDDB occurrences within 5 

miles of the project footprint. 

Puccinellia simplex / 

California alkali grass 

- - 1B.2 Annual herb found in meadows and seeps, chenopod 

scrub, valley and foothill grasslands, and vernal pools 

in vernally mesic, flats, and lake margin microhabitats 

with alkaline soils from Victorville to Chico. (CNPS 

2023). 

March-May 
Absent. No vernally habitat present 

in project footprint. There are no 

CNDDB occurrences within 5 miles 

of the project footprint. 

Sagittaria sanfordii / 

Sanford’s arrowhead 

- - 1B.2 Perennial rhizomatous herb found in shallow 

freshwater marshes and swamps from Redding to Los 

Angeles (CNPS 2023). 

May-October 

(November) 

Unlikely to occur. Suitable habitat is 

present in project footprint in the 

vicinity of the irrigation ditches and 

canals. However, there is no 

documented CNDDB occurrences 

within 5 miles of the project 

footprint. 

Symphyotrichum 

lentum / Suisun marsh 

aster 

- - 1B.2 Perennial rhizomatous herb found in brackish and 

freshwater marshes and swamps in Contra Costa, 

Napa, Sacramento, San Joaquin, Solano, and Yolo 

Counties (CNPS 2023). 

(April)May-

November Absent. Project footprint is outside 

of species’ known range. 

Trichocoronis wrightii 

var. wrightii / Wright's 

trichocoronis 

- - 2B.1 Annual herb found in meadows and seeps, marshes 

and swamps, riparian forest, and vernal pools in 

alkaline soils in Colusa, Merced, Riverside, San 

Joaquin, and Sutter Counties (CNPS 2023). 

May-

September 

Potential to occur. Suitable habitat 

is present in project footprint in the 

vicinity of the irrigation ditches and 

canals. There is one CNDDB 

occurrence within 5 miles of the 

project footprint. 
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Photograph 1: View of approximate location of northern terminus of planned pipeline route on SEC 
property. Photo taken at 39.051371°, -121.691669° (WGS 84) on September 8, 2022. Facing north. 
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Photograph 2: View of northernmost portion of planned pipeline route MNS-04 on SEC property. This 
area is the mowed firebreak and ROW between the agricultural field to the south of the SEC and the SEC 
facility perimeter fence farther north (not pictured). Photo taken at approximately 39.050797°, -
121.691430° (WGS 84) on September 8, 2022. Facing south. 
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Photograph 3: Representative view of proposed pipeline route at MNS-04, approximately 1.4 miles 
southwest of the SEC property. Photo shows agricultural fields and irrigation/drainage canal mosaic 
typical of the proposed route. Photo taken at 39.039851°, -121.717642° (WGS 84) on March 29, 2023. 
Facing east. 
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Photograph 4: Overview of a possible pipeline route water crossing at the Snake River on MNS-04, 
approximately 2.3 miles southwest of the SEC property. Photo taken at 39.025506°, -121.721840° (WGS 
84) on March 29, 2023. Facing northwest. 
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Photograph 5: Overview of proposed pipeline route MNS-04, approximately 2.4 miles southwest of the 
SEC property. The Sutter Bypass is located west of here, barely visible on the right side of the photo. This 
photo is near the Obanion Rd pumping station (not pictured, north of this location). Photo taken at 
39.025340°, -121.726818° (WGS 84) on March 29, 2023. Facing southeast. 
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Photograph 6: Overview of Sutter Bypass at proposed pipeline route MNS-04 crossing, approximately 2.4 
miles southwest of the SEC property. During this site visit the entire bypass was flooded, although the 
riparian forest that lines the sloughs and fields within the bypass is still visible. The Sutter Bypass is 
sometimes considered to include the Tisdale Bypass, which borders the east side of Tisdale Rd, which is 
beyond the furthest trees in the background in the center/top right of the photo. Photo taken at 
39.025340°, -121.726818° (WGS 84) on March 29, 2023. Facing southwest. 
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Photograph 7: Representative view of proposed pipeline route at MNS-04, approximately 5.3 miles 
southwest of the SEC property. Photo shows agricultural fields and irrigation/drainage canal mosaic 
typical of much of the proposed route. Photo taken at 39.003959°, -121.774775° (WGS 84) on March 29, 
2023. Facing east. 
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Photograph 8: Representative view of southern portion of proposed pipeline route, at MNS-05 just north 
of Pelger Rd, approximately 8.2 miles southwest of the SEC property. Photo shows agricultural fields and 
irrigation/drainage canal mosaic typical of much of the proposed route. Photo taken at 38.953123°, -
121.782792° (WGS 84) on March 29, 2023. Facing north. 
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Photograph 9: Western pond turtle carcass (in foreground) found along Pelger Rd at Reclamation Rd 
intersection, near the MNS-07 pipeline ROW in the vicinity of the proposed pipeline route. From the 
crushed carapace, the turtle was likely killed by a collision with a vehicle within a few days prior to the 
March 29 site visit, and it had been partially scavenged. Plastron, carapace, and other body parts gave 
diagnostic features for positive identification to species level. Photo taken at 38.952859°, -121.753153° 
(WGS 84) on March 29, 2023. Facing northwest. 
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Project name: Sutter Decarbonization Project 

Client: CCFC Sutter Energy, LLC 

Prepared by: Joe Aguirre 

Reviewed by: Karen Parker 

 

This technical memorandum discusses the environmental and regulatory setting as well as an analysis of 
potential land use impacts associated with the Sutter Decarbonization Project (Project).  The Project 
consists of four primary components: (1) turbine performance improvements; (2) installation of a carbon 
capture facility at Sutter Energy Center (“SEC”); (3) an approximately 16-mile pipeline; and (4) three Class 
VI injection wells to inject the CO2 for permanent sequestration in a geological storage location. 

For the purpose of environmental analysis, the affected environment study area (study area) is defined as 
those areas within one mile of the Sutter Energy Center site and 0.25 mile of the proposed transport 
pipeline, wells, valves, and meters.  Section 1 describes the environment that could be affected by the 
Project. Section 2 describes the regulatory setting for land use-related aspects of the project. Section 3 
discusses potential impacts from the project on land uses. Section 4 presents recommended measures to 
mitigate significant impacts. Section 5 lists the references used in preparing this analysis. 

1. Environmental Setting 

1.1 Location 

The Sutter Energy Center is an existing natural gas-fired electrical powerplant situated on an 
approximately 40-acre parcel (Assessor’s Parcel Number (APN) 21-230-037), and generally located on 
the southwest corner of South Township Road and Best Road in unincorporated Sutter County, California. 
The Sutter Energy Center is located approximately 34 miles northwest of downtown Sacramento and 4 
miles southwest of Yuba City. State Route (SR) 99 is a major north-south highway located approximately 3 
miles east of the Sutter Energy Center. The proposed transport pipeline extends approximately 16 miles 
southwest of the Sutter Energy Center, terminating at the site of the injection wells and geological storage 
area. 

The study area generally consists of some industrial uses, agricultural fields, sparse or rural residential 
structures, and open space. Roadways in the study area generally consist of rural two-lane roadways. The 
Project pipeline proposes to cross under the Snake River and the West Levee and East Levee of the Sutter 
Bypass (Wildlife Areas and Private Lands). The Sutter Bypass Wildlife Areas were designated as wildlife 
areas by the California Fish and Game Commission in 1968 and are managed by the California 
Department of Fish and Wildlife's North Central Region Rancho Cordova office (CDFW 2023). 

The Sacramento National Wildlife Refuge Complex includes the Sutter National Wildlife Refuge which is 
located approximately 1.5 miles west of the Sutter Energy Center. The Project would not intersect with the 
Sutter National Wildlife Refuge, or any land associated with the Sacramento National Wildlife Refuge 
Complex.
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1.2 Existing Land Use and Zoning Designations 

Existing General Plan land use designations and zoning designations for each applicable project 
component are described below. Refer to Figures LAND-1 and LAND-2 for a map of General Plan land use 
and zoning designations. 

1.2.1 Sutter Energy Center 

1.2.1.1 Sutter Energy Center General Plan Land Use Designation 

The Sutter Energy Center is an existing 578 megawatt (MW) natural gas-fired powerplant which began 
operations in July 2001 (Calpine 2023). Sutter County designates the site as Industrial within the General 
Plan Land Use Element. The Industrial land use designation is intended to provide for light industrial, 
general industrial and manufacturing land uses. Typical permitted uses are those that provide 
manufacturing, assembling, processing, fabricating, bulk handling of products, storage, warehousing, and 
heavy trucking (Sutter County 2011).  

1.2.1.2 Sutter Energy Center Zoning Designation 

The Sutter County Zoning Ordinance identifies the site of the Sutter Energy Center as General Industrial 
(M-2) within a Planned Development Combining District (-PD). The M-2 District is intended to provide for 
a variety of intensive manufacturing, assembly, processing, fabrication, bulk handling of products, storage, 
warehousing, heavy trucking and other similar uses conducted in a manner that may affect surrounding 
uses (Sutter County 2022).  

The -PD is intended to encourage creative, diverse and efficient approaches to land use and development 
that are not readily accommodated by base zoning districts. The -PD Combining District enhances 
flexibility to customize allowed uses and associated development standards to reflect unique site 
conditions and project development objectives, economic development and housing diversification, 
efficient provision of infrastructure and services, protection of agricultural and natural resources, 
compatibility with adjacent uses, and compliance with General Plan policies (Sutter County 2022). 

1.2.2 Pipeline 

The proposed 12-inch (diameter) pipeline would be placed underground and would not directly impact 
existing land uses. However, a 30-foot right of way would constrain development at the surface above the 
proposed underground pipeline. The pipeline route is expected to follow adjacent to SEC’s existing natural 
gas pipeline route.  The proposed pipeline would be installed parallel to these rights of ways, where 
feasible. 

1.2.2.1 Pipeline General Plan Land Use Designations 

The northern terminus of the proposed pipeline is located at the Sutter Energy Center (refer to Section 
1.2.1.1). 

As the pipeline extends south and west, away from the Sutter Energy Center, the area is designated AG-80 
by the Sutter County General Plan Land Use Element. The AG-80 designation provides for the long-term 
production, processing, distribution, and sale of food and fiber on prime agricultural soils and other 
productive and potentially productive lands. This designation is applied in locations that have minimal 
intrusion and conflict from non-agricultural uses, or where such conflicts can be mitigated. Typical 
permitted uses include crop production, orchards, grazing, pasture and rangeland, and associated 
residences and agricultural support uses (Sutter County 2011).
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The proposed pipeline crosses the Sutter Bypass area, which is designated Open Space by the Sutter 
County General Plan Land Use Element. The Open Space designation identifies and permanently protects 
important open space lands within Sutter County due to their value as habitat, topography, scenic quality, 
public safety, or comparable purpose. Typical Open Space lands include non-agricultural areas which 
contain significant vegetation, wildlife, and/or habitat resources; and areas which present conditions 
hazardous to rural and urban development. Typical permitted uses include resource preservation, 
agriculture, passive public recreation, buffers, and greenbelts (Sutter County 2011). 

On the west side of the Sutter Bypass area, the pipeline would be located in areas designated AG-80 by 
the Sutter County General Plan Land Use Element (described above). 

1.2.2.2 Pipeline Zoning Designation 

As the pipeline extends south and west, away from the Sutter Energy Center, the area has a zoning 
designation of Agriculture (AG). The AG zoning designation is intended to protect and promote the long-
term viability and productivity of Sutter County’s agricultural resources, uses and economy. The AG zoning 
provides for parcel sizes to sustain a wide variety of agricultural and farming activities, low intensity rural 
uses and open space. Agricultural support services and industries that are compatible with adjacent uses 
and operations are encouraged (Sutter County 2022). 

1.2.3 Wells, Valves, and Meters 

The proposed storage complex would be developed with three to four injection wells surrounded by five 
in-zone monitoring wells. An additional two above-zone monitoring wells within the injection well pattern 
would be required. The project also proposes five above-ground valves and two above-ground meters. 

1.2.3.1 Wells, Valves, and Meters Land Use Designations 

One valve and one meter are proposed at the existing Sutter Energy Center which has a Sutter County 
General Plan land use designation of Industrial and a zoning designation of M-2-PD. Refer to Section 
1.2.1.1 for General Plan Land Use information for Industrial areas. The remaining valves, meters, and wells 
would be located in areas designated by the Sutter County General Plan Land Use Element as AG-80, and 
a zoning designation of AG. Refer to Section 1.2.2.1 for General Plan Land Use information within the AG-
80 areas, and Section 1.2.2.2 for information on the AG zone. 

1.3 Development Standards 

The Sutter County Zoning Code establishes development standards for each zoning designation. When 
establishing a -PD Combining District, the Sutter County Board of Supervisors may establish different 
development standards from the underlying base district. (Sutter County Code § 1500-08-060(D).) If a 
development standard is not specially addressed in the -PD Combining District, the requirements of the 
base zoning district apply. (Sutter County Code § 1500-08-060(D).) For the Sutter Energy Center site, the 
Board of Supervisors established criteria of development in Ordinance No. 1278.  The criteria of 
development provide that for the area of the site under the jurisdiction of the California Energy 
Commission, development must be consistent with the site plans in Exhibit B and C and the project 
description in the Revised Presiding Member’s Proposed Decision and its amendments. (Criteria 1.) The 
proposed modification to the Sutter Energy Center is anticipated to be subject to the development 
standards established by Sutter County Ordinance No. 1278; however, coordination between the 
developer and the Sutter County Planning Department would be required to confirm the applicable 
development standards for Project. 
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1.4 Flood Hazard 

The Project includes areas located in designated Special Flood Hazard Areas (SFHA). Proposed projects 
within rural unincorporated Sutter County involving Zoning Clearance and Use Permits (among other 
actions) shall be required to make a flood protection finding per Zoning Code Section 1500-25-025(B):  

▪ The facilities of the State Plan of Flood Control or other flood management facilities provide  
the national FEMA standard of flood protection to the property, development project or  
subdivision.  

▪ The County has imposed conditions on the property, development project or subdivision that  
are sufficient to provide the national FEMA standard of flood protection.   

▪ The local flood management agency has made adequate progress (as defined in California  
Government Code section 65007) on the construction of a flood protection system that will  
result in flood protection equal to or greater than the national FEMA standard of flood  
protection. 

Where the County’s jurisdiction is not preempted by the CEC, the County must make all three of the 
findings above to approve a development application. 

2. Regulatory Setting 

2.1 Federal 

Federal Aviation Administration Title 14 Code of Federal Regulations Part 77.9 

The Federal Aviation Administration (FAA) requires that all structures exceeding Title 14 Code of Federal 
Regulations [CFR] Part 77.9 notice criteria be submitted to the FAA so that an aeronautical study can be 
conducted. The FAA’s objective in conducting aeronautical studies is to ensure that proposed structures do 
not have an effect on the safety of air navigation and the efficient use of navigable airspace by aircraft. The 
end result of an aeronautical study is the issuance of a determination of “hazard” or “no hazard” that can 
be used by the proponent to obtain necessary local construction permits. 

2.2 State 

Warren-Alquist Act 

The Application for Certification (AFC) process is a certified regulatory process pursuant to the Warren-
Alquist Act and, therefore, fulfills the requirements of the California Environmental Quality Act (CEQA). 
CEQA is codified in the California PRC, Section 21000-21178.1. Guidelines for implementation of CEQA 
are codified in the CCR, Sections 15000-15387. 

California Land Conservation Act (Williamson Act) 

The California Land Conservation Act of 1965, commonly known as the Williamson Act, was enacted to 
encourage preservation of agricultural lands and encourage open space preservation and efficient urban 
growth. The Williamson Act provides incentives to landowners through reduced property taxes to create 
an agricultural preserve and agree to keep their land in agricultural production (or another compatible 
use) for at least 10 years. Maps, statistics, and reports on Williamson Act lands are available online.  
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2.3 Local 

Sutter County General Plan 

The Sutter County General Plan is a comprehensive policy document that defines the type, amount, and 
location of future growth, as well as areas to be conserved within Sutter County and forms the basis for 
Sutter County's planning activities and its land use decisions. The General Plan sets forth the direction 
Sutter County will take in managing its future based upon a shared vision for the community. California 
law requires each local government to adopt a General Plan which must contain seven mandatory 
"elements" or chapters. These elements include a series of goals, policies, and implementation actions 
designed to achieve the community's vision. General Plans may include optional elements that address 
specific topics of local concern. The 2030 Sutter County General Plan was adopted by the Board of 
Supervisors on March 29, 2011, and became effective on April 28, 2011 (Sutter County 2011). 

The Sutter County General Plan includes the following land use-related goals and policies which are 
applicable to the project: 

Table 1: General Plan Goals and Policies 

Goal/Policy Name Goal/Policy Text Project Compatibility 

LU 1.6 Buffers. Require new development 
adjacent to agricultural and open 
space lands to provide buffers and 
incorporate mitigation to minimize 
impacts as appropriate. Agricultural 
buffers shall be in accordance with 
the Sutter County Design Guidelines 
and project environmental review. 

The project is subject to 
Development Standards and 
Agricultural Buffers established in 
the Zoning Code (refer to Table 1 of 
this document). Therefore, the 
project would comply with LU 1.6. 

LU 1.16 Views from Rural Roadways and 
Highways. Prohibit new projects and 
activities that would obscure, detract 
from, or negatively impact the quality 
of views from the County’s rural 
roadways and highways. Limit off-site 
advertising along County roadways 
and highways. 

The majority of project components 
would be located at the existing 
Sutter Energy Center which contains 
heavy industrial equipment. New 
visible components off-site from the 
Sutter Energy Center include wells, 
valves, and meters, which would not 
significantly obscure, detract from, or 
negatively impact the quality of views 
from the County’s rural roadways and 
highways (refer to Appendix G for an 
analysis on visual resources). No new 
advertising is proposed. Therefore, 
the project would comply with LU 
1.16. 

LU 3.5 Infill Development. Encourage infill 
development within rural 
communities prior to expansion 
beyond current community 
boundaries. 

Ancillary components (wells, valves, 
meters, underground pipeline) are 
located within agricultural zoning 
outside of the existing Sutter Energy 
Center. However, these components 
are necessary to the operation of the 
carbon dioxide capture system. 
Therefore, the project would comply 
with LU 3.5. 

LU 4.22 Aesthetic Appearance. Require that 
the Sutter County Design Guidelines 

The project would require Zoning 
Clearance and/or Use Permits. 
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Goal/Policy Name Goal/Policy Text Project Compatibility 

be applied to all industrial and 
commercial areas to improve the 
aesthetic appearance of those 
developments. 

Therefore, coordination with the 
County is required. The project would 
comply with LU 4.22. 

Source: Sutter County 2011. 

Sutter County Zoning Code 

The Sutter County Zoning Code establishes specific regulations applied to property, both private and 
publicly owned, within unincorporated Sutter County. The Sutter County Zoning Code establishes specific 
land use restrictions for property dependent on the adopted zoning designation for each parcel. 
Additionally, the zoning code establishes development standards and other development requirements 
for each zoning designation. 

3. Impact Analysis 

3.1 Significance Criteria 

Significance criteria for impacts on land use were determined through a review of applicable state and 
local regulations to determine whether there would be any new or substantially more severe significant 
land use impacts than those previously identified and analyzed in the SEC Final Decision. Because of the 
California Energy Commission’s (CEC’s) Site Certification Process is pursuant to the Warren-Alquist Act, 
which is a certified agency program pursuant to the California Environmental Quality act (CEQA), the 
following criteria developed from the CEQA Guidelines and the CEQA Checklist were used to evaluate 
whether the Project would potentially result in any new or substantially more severe significant land use 
impacts than those previously identified and analyzed in the SEC Final Decision:  

a) Would the Project physically divide an established community? 

b) Would the Project cause a significant environmental impact due to a conflict with any applicable land 
use plan, policy, or regulation adopted for the purpose of avoiding or mitigating an environmental 
effect? 

3.2 Environmental Impacts of the Project 

a) Would the project physically divide an established community?  

No impact. The Project is not located within an established community. Surrounding land uses are 
primarily agricultural fields with sparse residential units and open space. The carbon capture facility 
will be constructed at the existing Sutter Energy Center site, and the turbine performance 
improvements will modify existing equipment.  Although the project includes a pipeline which would 
extend for approximately 16 miles, the pipeline would be located underground. At the geological 
storage area, three to four injection wells, five in-zone monitoring wells, two above-zone monitoring 
wells, five valves, and two meters would be located aboveground, as shown on the Project Location 
Map. These project features are isolated and would not physically divide land uses in the Project study 
area. 

b) Would the Project cause a significant environmental impact due to a conflict with any applicable land 
use plan, policy, or regulation adopted for the purpose of avoiding or mitigating an environmental 
effect?  

Less than significant impact with mitigation incorporated. The project is an modification to an 
existing permitted facility to include a carbon capture facility and turbine performance improvements. 
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The original Sutter Energy Center was permitted via Use Permit No. 1392. With the issuance of Use 
Permit No. 1392, Sutter County determined energy production or powerplant uses at the site are 
consistent with the General Plan. The proposed modifications are consistent with the existing 
permitted land use at the Sutter Energy Center site.  

The proposed modification to the Sutter Energy Center is potentially subject to the development 
standards established by Sutter County Ordinance No. 1278. Per Mitigation Measure (MM) LU-1, 
coordination between the developer and the Sutter County Planning Department would be required to 
confirm and apply the applicable development standards to the Project.  

Per Table 1500-05-1 of the Sutter County Zoning Code, oil and gas extraction and injection wells are 
permitted within the AG zone with approval of a Zoning Clearance and/or Use Permit. No proposed 
well is within 500 feet of an existing residence, as required by Zoning Code Section 1500-05-
030(T)(1). The proposed wells, valves, and meters would be subject to the established development 
standards of the AG zone and are subject to review by Sutter County during the Zoning Clearance 
and/or Use Permit process. 

The County would be required to make a flood protection finding per Zoning Code Section 1500-25-
025(B) for the injection wells and associated equipment for the geological storage area. As shown in 
Table 1 above, the Project does not affect the Sutter Energy Center’s ability to comply with applicable 
goals and policies identified in the Sutter County General Plan. With the incorporation of MM LU-1, the 
Project would be compatible with applicable land use plans, policies, and regulations.  

4. Mitigation Measures 

The following measures are recommended to be implemented to avoid, minimize, or mitigate potential 
land use-related impacts. 

• LU-1: Coordination with the Sutter County Planning Department. Prior to final Project design, 
the Project developer shall coordinate with the Sutter County Planning Department to confirm 
and apply the applicable local development standards to the Project. 
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Introduction 
This memorandum evaluates the potential impacts to paleontological resources of the Sutter Energy 
Center (SEC) Decarbonization Project (project) in Sutter County, California. It is based on the preliminary 
project description dated March 14, 2023. Proposed project facilities include a carbon capture facility, 
linear pipeline route, and an injection well site (see Figure PALEO-1). For this memo, the project site 
refers to the carbon capture facility site. 

Paleontological resources are the remains of organisms preserved in the geologic record as fossils. They 
can include body fossils (e.g., bones, teeth, shells, leaves), trace fossils (e.g., tracks, trails, burrows, 
coprolites), and microfossils (e.g., pollen grains, spores, diatoms). Fossils are generally older than 11,700 
years (the end of the Pleistocene Epoch). Still, organic remains older than the middle Holocene age 
(about 5,000 years) can also represent fossils. Fossils are important scientific resources because they are 
used to understand the history of life on Earth. Fossils can answer questions relating to evolution and 
extinction processes, and how life has responded to environmental changes through time.  

Regulatory Framework 

Federal 

Antiquities Act of 1906 
The Antiquities Act of 1906 (Title 16, United States Code, Sections 431–433 [16 U.S.C. § 431–433]) was 
enacted with the primary goal of protecting cultural resources in the U.S. This act explicitly prohibits 
appropriation, excavation, injury, and destruction of any historic or prehistoric ruin or monument, or 
any “object of antiquity” located on lands owned or controlled by the federal government, without prior 
permission of the secretary of the federal department that has jurisdiction over the site. The act also 
establishes criminal penalties, including fines and/or imprisonment, for these acts. The Antiquities Act 
contains a requirement for studies by qualified experts in the subject matter and contains precise 
stipulations regarding the management/curation of collected materials. Although the Antiquities Act 
itself and its implementing regulation (Title 43, Code of Federal Regulations, Section 3) do not 
specifically mention paleontological resources, “objects of antiquity” have been interpreted to include 
paleontological resources by the National Park Service, BLM, the U.S. Forest Service, and other federal 
agencies. 

National Environmental Policy Act 
The National Environmental Policy Act (NEPA) as amended (Pub. L. 91-190, 42 U.S.C. 4321-4347, January 
1, 1970, as amended by Pub. L. 94-52, July 3, 1975, Pub. L. 94-83, August 9, 1975, and Pub. L. 97-258 
§ 4(b), September 13, 1982) recognizes the continuing responsibility of the federal government to 
“preserve important historic, cultural, and natural aspects of our national heritage...” (Sec. 101 [42 
U.S.C. § 4321]) (#382). This can be interpreted to refer to paleontological as well as cultural resources.  
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When not on federal lands, requiring paleontological analysis under NEPA is at the discretion of the lead 
federal agency. 

Paleontological Resources Preservation, Omnibus Public Lands Act 
The Omnibus Public Lands Act, (Public Law 111-011, Title VI, Subtitle D (OPLA-PRP, 2009) is legislation 
directing the Secretaries (Interior and Agriculture) to manage and protect paleontological resources on 
federal land using scientific principles and expertise. OPLA-PRP incorporates most of the 
recommendations of the report of the Secretary of the Interior entitled Assessment of Fossil 
Management on Federal and Indian Lands (2000) to formulate a consistent paleontological resources 
management framework. In passing the OPLAPRP, Congress officially recognized the scientific 
importance of paleontological resources on some federal lands by declaring that fossils from these lands 
are federal property that must be preserved and protected. The OPLA-PRP codifies existing policies of 
the BLM, National Park Service, U.S. Forest Service, Bureau of Reclamation, and U.S. Fish and Wildlife 
Service, and provides the following: 

• Uniform criminal and civil penalties for illegal sale and transport, and theft and 
vandalism of fossils from federal lands 

• Uniform minimum requirements for paleontological resource-use permit issuance 
(terms, conditions, and qualifications of applicants) 

• Uniform definitions for “paleontological resources” and “casual collecting” 

• Uniform requirements for the curation of federal fossils in approved repositories 

Federal legislative protections for scientifically significant fossils for projects on federal lands (with 
certain exceptions such as DOD) exist. If any portion of the project occurs on federally managed lands 
(i.e., BLM), federal protections for paleontological resources apply under NEPA, FLPMA, and OPLA-PRP. 

State 

California Environmental Quality Act 
Treatment of paleontological resources under CEQA is conducted according to guidance from the 
Society for Vertebrate Paleontology (SVP) or other agencies (e.g., BLM and U.S. Forest Service). 
Appendix G (part VII) of the CEQA Guidelines addresses paleontological resources, stating that a project 
will generally result in a significant impact on the environment if it will disrupt or adversely affect a 
paleontological resource or site or unique geologic feature, except as part of a scientific study. 

California Public Resources Code 
The State of California Public Resources Code (Chapter 1.7), Sections 5097.5 and 30244, includes 
requirements for managing paleontological resources. These statutes require reasonable mitigation of 
adverse impacts to paleontological resources resulting from development on state lands, define the 
removal of paleontological sites or features from state lands as a misdemeanor, and prohibit the 
removal of any paleontological site or feature from state land without permission of the applicable 
jurisdictional agency. Section 30244 requires reasonable mitigation for impacts on paleontological 
resources from public land development.  

Local 
Sutter County General Plan and Sutter County Code contain no provisions applicable to paleontological 
resources (Sutter County, 2011; 2021).  

Professional Standards 
The Society of Vertebrate Paleontologists (SVP) is an organization of professional and academic 
paleontologists that establishes guidelines for paleontological resource assessments; monitoring and 
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mitigation; data and fossil recovery; sampling procedures, specimen preparation, identification, and 
analysis; and museum curation (SVP, 2010; 1996; 1995).  

Affected Environment 
The project area lies within the Great Valley geomorphic province of California, also called the Central 
Valley (California Geological Survey, 2002). The Central Valley is a relatively flat alluvial plain 
approximately 400 miles long and 50 miles wide, trending northwest-to-southeast. Since the late 
Pliocene period (2 to 3 million years ago), the valley has predominantly been dry land and has 
accumulated sediments from the neighboring Coast Ranges and the Sierra Nevada Mountains. Because 
of the size of the Sierra Nevada relative to the Coast Ranges, the alluvial fans of the Sierras are larger 
and tend to dominate the geology of the Central Valley. Grain size progressively decreases in these 
alluvial deposits toward the center of the valley, where the clay-rich silt of the Sacramento River 
floodplain dominates.  

The Central Valley is a patchwork of alluvial deposits from various hydrological and temporal regimes. 
Differences between younger and older surficial sediments in the Central Valley include stratigraphic 
position, degree of consolidation, topographic expression, and attitude (tilted versus flat-lying) 
(Marchand and Allwardt, 1981). Geological units are also distinguished using radiocarbon and other 
dating methods, magnetostratigraphy, association with Sierra Nevada glacial events, and oxygen-isotope 
stage chronology (Shlemon et al., 2000).  

Current land use at the project site is industrial. The proposed pipeline route and injection well sites 
extend to the south, crossing agricultural land. The project site is about 2 miles west of the Feather River 
and 7.5 miles east of the Sacramento River. Sections of the pipeline route are less than a mile from the 
Sacramento River.  

The surficial geological units mapped in and around the project footprint include the following (see 
Figure PALEO-1):  

• Qa - Levee and channel deposits. Holocene age deposits of active stream channels and their 
natural levees and alluvial fans.  

• Qb - Basin deposits. Holocene age fine-grained silt and clay deposits in flood basins between 
modern watercourses. This unit underlies the project site, the pipeline route, and the injection 
well area. 

• Qm - Modesto Formation. Late Pleistocene alluvial terraces and fans. This unit occurs near the 
project site at the surface and underlies Qa and Qb at some unknown depth. 

While the carbon capture facility and the pipeline would likely be within the geological units listed 
above, the injection wells would extend below ground into Capay shales and Sacramento shales, and 
into the Cretaceous to Early Tertiary Kione and Starkey sandstones of the Sacramento Basin.  

Environmental Analysis 

Methodology 
Existing data were analyzed according to SVP guidelines (SVP, 2010). Geological and paleontological 
literature relevant to the project vicinity were reviewed. Online databases and print sources were 
searched for paleontological records near the project site, the pipeline route, and the injection well 
area. Google Earth aerial imagery was examined to understand the physiographic context and land use 
of the project site and vicinity. Geological maps were obtained at the smallest unit available, in this case, 
the 1:250,000 scale (Saucedo and Wagner, 1992; Wagner et al., 1981). 



5 
 

SVP sensitivity criteria for assessing paleontological resources are listed in Table PALEO-1. 

TABLE PALEO-1 
SVP Assessment of Paleontological Potential and Mitigation Recommendations 

Paleontological Potential/Sensitivity Mitigation Recommendation 

High Areas underlain by geologic units from 
which vertebrate or significant 
invertebrate fossils or suites of plant 
fossils have been recovered. 

Preparation and implementation of Paleontological 
Resource Mitigation Plan by a qualified professional 
paleontologist that includes provisions for: 

• Field survey. 

• Monitoring and salvage during construction. 

• Preparation, identification, cataloging, curation, and 
storage of any specimens recovered. 

• Preparation of final report describing finds and 
discussing their significance. 

Undetermined Areas underlain by geologic units for 
which little information is available. 

• Preliminary field surveys by a qualified vertebrate 
paleontologist to assess a project area’s sensitivity. 

• Design and implementation of mitigation plan if 
needed, based on results of field survey. 

Low Areas underlain by geologic units that 
are not known to have produced a 
substantial body of significant 
paleontological material. 

• A qualified paleontologist should be contacted if 
fossils are discovered during construction. 

Results 
A fossil records search was performed at: the University of California at Berkeley Museum of 
Paleontology (UCMP, 2023), Paleobiology Database (PBDB, 2023), and in print sources (Jefferson, 1991a, 
1991b). Fossil records found in the project vicinity are listed below. The depths of discoveries could not 
be ascertained for this analysis. 

• SEC: two records of fossil plant specimens found at the SEC are in the UCMP database (PB01017 
and PB01018).  

• Oswald Road: a record of a bison specimen found on Oswald Road in Sutter County is in the 
UCMP database (V3915). Oswald runs east-west just a mile north of the project site. The exact 
location on Oswald Road could not be ascertained for this analysis but ranges from one to eight 
miles from the project site.  

• Gilsizer Slough: a record of an elephant family (Proboscidae) specimen found on Gilsizer Slough 
is in the UCMP database (V6426). Gilsizer Slough is 1 mile from the pipeline route at its closest 
point. 

In addition, invertebrate fossils are recorded from the Capay shale in the UCMP in at least 11 localities in 
Sutter County. The Capay shale is a geologic layer that would likely be penetrated during construction of 
the injection well facility to create storage chambers in underlying sandstone units.  

Findings and Recommendations 
Two fossil plant specimens are recorded as having been found at the SEC. Vertebrate fossil specimens 
were recorded at two localities in the project vicinity. They were each found as close as a mile from the 
project site and the pipeline route. The fossils were likely found in Modesto Formation sediment, the 
only geologic unit in the project vicinity that dates to the late Pleistocene. Though this sediment is not 
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mapped on the project site, pipeline route, or injection well site, it is mapped nearby and located below 
the other units in the project footprint at some unknown depth. Construction of the injection wells is 
likely to disturb the Capay shale formation in which invertebrate fossils have been found in Sutter 
County. 

Based on fossil records near the project site, pipeline route, and injection well site, we conclude that 
there is a high potential for encountering paleontological resources in the project footprint during 
construction.  

Mitigation Measures 
The Project Owner will implement the existing conditions of certification, as modified, to mitigate 
potentially significant impacts to paleontological resources.   
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The proposed pipeline alignment occurs within the Great Valley Geomorphic Province (262A) that is 

characterized as a low fluviatile plain. The majority (~84 percent) of the pipeline alignment occurs within 

the Butte Sink – Sutter Basin Subsection (262Ac) that is found on the alluvial plain between the Feather 

and Sacramento Rivers. This subsection contains recent alluvium from various rock sources (granitic, 

volcanic, sedimentary, and metamorphic rocks) with a majority associated with volcanic rocks from the 

northern end of the subsection. Extensive areas of this subsection are underlain by siltstone. Two small 

segments (comprising ~16 percent) of the pipeline alignment along the western and southern portions 

occur within the River Alluvium Subsection (262Af) on nearly level alluvial plains and gently sloping 

natural levees adjacent to the Sacramento River. Fluvial erosion and deposition are the main geomorphic 

processes (Miles and Goudey 1997).  

Information on mapped soils in the survey area was obtained from the Web Soil Survey (Natural Resources 

Conservation Service [NRCS], 2023a) and official soil series descriptions (NRCS, 2023b) as well as the Soil 

Survey for Sutter County (Soil Conservation Service [SCS], 1988). The hydric soils list was also reviewed for 

Sutter County, California (NRC, 2023c).  

Twelve soil mapping units occur along the proposed pipeline alignment as summarized in Table SOILS-1 

and shown on Figure SOILS-1. These soils are described in the following subsections and all soil colors are 

for moist soils. Soil maps and detailed descriptions are provided in Attachment A. 

  



Technical Memorandum  

 

  

Jacobs Engineering Inc. 

 

2 

 

 Table SOILS-1. Summary of Soils Mapped along the Proposed Pipeline 

Map 

Symbol 

Soil Mapping Unit Primary 

Route 

(feet) 

Area  

within BSA 

(acres) 

Drainage 

Class 

Hydric 

Soil 

103 Byington silt loam, 0 to 2 percent slopes 3684.2 17.022 poorly Yes 

 

104 

Capay silty clay, 0 to 2 percent slopes 18002.8 82.153 somewhat 

poorly Yes 

112 Clear Lake clay, 0 to 1 percent slopes, 

MLRA 17 

16875.1 77.660 poorly 

Yes 

115 Clear Lake clay, siltstone substratum, 0 to 2 

percent slopes 

8863.5 40.478 poorly 

Yes 

119 Columbia fine sandy loam, clay substratum, 

0 to 2 percent slopes 

2722.6 13.851 somewhat 

poorly Yes 

132 Gridley clay loam, 0 to 1 percent slopes 1626.7 7.484 moderately 

well No 

153 Oswald clay, 0 to 2 percent slopes 10934.4 50.099 poorly Yes 

154 Oswald clay, frequently flooded, 0 to 2 

percent slopes 

3255.3 14.944 poorly 

Yes 

161 Shanghai fine sandy loam, channeled, 0 to 2 

percent slopes 

726.6 3.335 somewhat 

poorly Yes 

162 Shanghai silt loam, 0 to 2 percent slopes 1706.6 6.675 somewhat 

poorly Yes 

173 Subaco clay, 0 to 2 percent slopes 10955.7 50.390 poorly Yes 

174 Tisdale clay loam, 0 to 2 percent slopes 2955.1 13.864 well No 

177 Water 138.2 0.631 NA NA 

Totals 82446.9 378.586  

Note: 

The five most extensive soil mapping units are shown in Boldface and comprise about 80 percent of the total pipeline alignment. 

NA – Not Applicable 

Byington silt loam, 0 to 2 percent slopes 

The Byington silt loam (103) soil mapping unit occurs in the southwestern portion of the pipeline and 

comprises about 4 percent of the total pipeline length. Byington soils are found on flood plains and are 

formed in alluvium derived from mixed sources. In a typical profile, the surface and subsoil consists of 

light olive gray (5Y 6/2) and pale brown (10YR 6/3) silt loam to a depth of 13 inches. These layers are 

underlain by a substratum of stratified layers of light yellowish-brown (2.5Y 6/4) to light brownish-gray 

(2.5Y 6/2) silty clay loam and silt loam to a depth of more than 60 inches. Byington silt loam soils are 

poorly drained with very slow runoff and moderate permeability. The hazard of water erosion is slight. The 
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water table occurs at 24 to 36 inches between December and April but is below 60 inches deep the rest of 

the year. The soil is listed as hydric (NRCS 2023a, 2022b, 2023c; SCS 1988). 

Capay silty clay, 0 to 2 percent slopes 

The Capay silty clay (104) soil mapping unit is found along the western side of the pipeline alignment to 

the west of the Sutter Bypass and is the most extensive soil mapping unit that comprises about 22 percent 

of the total pipeline length. Capay soils are found on flood basins, alluvial fans, interfan basins, and basin 

rims and are formed in fine textured alluvium from mostly sandstone and shale. In a typical profile, the 

surface and subsurface soils are dark grayish-brown (2.5Y 4/2) silty clay to a depth of 21 inches that is 

underlain by a substratum consisting of stratified brown (10YR 5/3) to pale brown (10YR 6/3) silty clay 

and silty clay loam layers to a depth of over 100 inches. Capay silty clay soils are somewhat poorly drained 

soils with negligible to high runoff and slow to very slow permeability. The hazard of water erosion is slight 

and the shrink-swell potential is high. The water table is between 4 and 6 feet deep and may be subject to 

rare, occasional, or frequent flooding depending on levee protections. The soil is listed as hydric (NRCS 

2023a, 2022b, 2023c; SCS 1988). 

Clear Lake clay, 0 to 1 percent slopes, MLRA 17 

The Clear Lake clay (112) soil mapping unit is mapped to the west of the Sutter Bypass primarily along the 

western and southern portions of the pipeline alignment. It is the second most extensive soil mapping unit 

that comprises about 20 percent of the total pipeline length. Clear Lake clay soils are found in flood 

basins, flood plains and in swales of drainageways and are formed in fine textured alluvium from mixed 

rock sources. In a typical profile, the surface and subsurface soils are very dark gray (N 4/0) clay to a depth 

of 45 inches that is underlain by grayish-brown (2.5YR 5/2) clay substratum to a depth of more than 60 

inches. Clear Lake clay soils are poorly drained soils with negligible to very high runoff and slow to very 

slow permeability. The hazard of water erosion is light and the shrink-swell potential is high. The water 

table is at depths of 4 to 10 feet in the late summer but may be very near the surface during the wet 

months of winter. The soil is listed as hydric (NRCS 2023a, 2022b, 2023c; SCS 1988). 

Clear Lake clay, siltstone substratum, 0 to 2 percent slopes 

The Clear Lake clay (115) soil mapping unit is mapped to the west of the Sutter Bypass primarily along the 

east-west pipeline segment. It is the fifth most extensive soil mapping unit that comprises about 11 

percent of the total pipeline length. This variant of Clear Lake clay soils has the same properties as the 

previously described (112) soil mapping unit with the exception that the typical profile is underlain by 

weathered bedrock (i.e., siltstone) between 48 and 60 inches. A perched water table typically occurs at a 

depth of 36 to 60 inches. The soil is listed as hydric (NRCS 2023a, 2022b, 2023c; SCS 1988). 

Columbia fine sandy loam, clay substratum, 0 to 2 percent slopes 

The Columbia fine sandy loam (119) soil mapping unit is mapped near the northwest corner of the 

pipeline alignment and comprises about 3 percent of the total length. Columbia fine sandy loam soils are 

found on flood plains and natural levees and are formed in alluvium from mixed sources. In a typical 

profile, the surface and subsurface soils are pale brown (10YR 6/3) fine sandy loam and sand to a depth of 

26 inches underlain by a substratum consisting of stratified layers of very pale brown (10YR 7/3) and pale 

brown (10YR 6/3) sand, fine sandy loam, and silt loam. A buried silty clay loam A-horizon from 55 to 59 

inches was also noted in the profile type description. Columbia fine sandy loam soils are somewhat poorly 



Technical Memorandum  

 

  

Jacobs Engineering Inc. 

 

4 

 

drained with negligible to medium runoff and moderately rapid permeability. The hazard of water erosion 

is slight. The seasonal high water table is between 36 and 60 inches between December and April. The soil 

is listed as hydric (NRCS 2023a, 2022b, 2023c; SCS 1988). 

Gridley clay loam, 0 to 1 percent slopes 

The Gridley clay loam (132) soil mapping unit is mapped in the northeastern portion of the pipeline 

alignment to the southwest of the Sutter Energy Center and comprises about 2 percent of the total length. 

Gridley clay loam soils are found on low terraces and basin rims and are formed in alluvium from mixed 

sources. In a typical profile, Gridley clay loams have brown (10YR 5/3) clay loam in the surface and 

subsurface to a depth of 28 inches underlain by yellowish-brown (10YR 5/4) clay and a very pale brown 

(10YR 7/4) siltstone substratum. Gridley clay loam soils are moderately well drained with slow runoff and 

slow permeability. The hazard of water erosion is slight and shrink-swell potential is high. The soil is not 

listed as hydric (NRCS 2023a, 2022b, 2023c; SCS 1988). 

Oswald clay, 0 to 2 percent slopes 

The Oswald clay (153) soil mapping unit is mapped to the east of the Sutter Bypass to the southwest of 

the Sutter Energy Center. It is the fourth most extensive unit and comprises about 13 percent of the total 

pipeline length. Oswald clay soils are found in basins and on basin rims and are formed in alluvium from 

mixed sources. In a typical profile, Oswald clay soils have grayish brown (10YR 5/2) clay surface soils and 

brown (10YR 5/3) clay subsurface soils underlain by a light gray (10YR 7/2) siltstone from 33 to 43 

inches. Oswald clay soils are poorly drained with very slow runoff and slow permeability. The hazard of 

water erosion is slight and shrink-swell potential is high. The soil is listed as hydric (NRCS 2023a, 2022b, 

2023c; SCS 1988). 

Oswald clay, frequently flooded, 0 to 2 percent slopes 

The Oswald clay (154) soil mapping unit is mapped entirely within the Sutter Bypass and comprised about 

4 percent of the total pipeline length. This variant of Oswald clay soils has the same properties as the 

previously described (153) soil mapping unit with the exception that the unit is frequently flooded. The 

soil is listed as hydric (NRCS 2023a, 2022b, 2023c; SCS 1988). 

Shanghai fine sandy loam, channeled, 0 to 2 percent slopes 

The Shanghai fine sandy loam (161) soil mapping unit is mapped within the west side of the Sutter Bypass 

crossing and comprises about 1 percent of the total pipeline alignment. Shanghai fine sandy loam soils 

are found on flood plains and are formed in alluvium from mixed sources. In a typical profile, Shanghai 

fine sandy loams have a light yellowish brown (10YR 6/4) fine sandy loam surface soil to a depth of 15 

inches with a subsurface and substratum consisting of stratified pale brown (10YR 6/3) to very pale brown 

(10YR 7/3) silt loam to silty clay loam layers. Shanghai fine sandy loams are somewhat poorly drained 

and have slow runoff and slow permeability. The hazard of water erosion is slight. The soil is listed as 

hydric (NRCS 2023a, 2022b, 2023c; SCS 1988). 

Shanghai silt loam, 0 to 2 percent slopes 

The Shanghai silt loam (162) soil mapping unit is mapped to the west of the Sutter Bypass near the 

northwestern corner of the pipeline alignment and comprises about 2 percent of the total pipeline length. 
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Shanghai silt loam soils have similar properties to the previously described (161) soil mapping unit with 

the exception that the surficial soils are silt loam and the unit is not channeled (NRCS 2023a, 2022b, 

2023c; SCS 1988). 

Subaco clay, 0 to 2 percent slopes 

The Subaco clay (173) soil mapping unit is mapped on the east and west sides of the Sutter Bypass near 

the pipeline crossing. It is the third most extensive soil mapping unit and comprises about 13 percent of 

the total pipeline length. Subaco clay soils are found on basin rims and in basins and are formed in 

alluvium from mixed sources. In a typical profile, Subaco clay soils have a dark gray (10YR 4/1) clay 

surface to a depth of 13 inches with a very dark gray (10YR 5/1) subsurface to 26 inches. The substratum 

consists of light gray (10YR 7/2) siltstone that extends to 40 inch depth. Subaco clay soils are poorly 

drained with very slow runoff and slow permeability. The hazard of water erosion is slight and the shrink-

swell potential is high. The soil is listed as hydric (NRCS 2023a, 2022b, 2023c; SCS 1988). 

Tisdale clay loam, 0 to 2 percent slopes 

The Tisdale clay loam (174) soil mapping unit is mapped at the beginning of the pipeline alignment near 

Sutter Energy Center and comprises about 4 percent of the total pipeline length. Tisdale clay loam soils 

are found on low terraces and are formed in alluvium from mixed sources. In a typical profile, Tisdale clay 

loam soils have a brown (10YR 5/3) clay loam surface to a depth of 11 inches with a pale brown and light 

yellowish brown (10YR 6/4) clay loam subsurface to a depth of 31 inches. These layers are underlain by a 

very pale brown (10YR 8/3) siltstone substratum to a depth of 40 inches. Tisdale clay loam soils are well 

drained with very slow runoff and moderately slow permeability. The hazard of water erosion is slight. The 

soil is not listed as hydric (NRCS 2023a, 2022b, 2023c; SCS 1988). 

Effects Analysis 

The available NRCS data concerning soil mapping units along the proposed pipeline alignment were used 

to understand which soil properties would be important from a construction standpoint. The important 

soil properties that were considered for construction include potentially shallow depths to restrictive 

layers (hardpan) or water table; frequency of flooding/ponding; the presence of expansive clays; and 

susceptibility to wind and water erosion. Where no NRCS data was available, other soil properties (such as 

similar texture and setting) were used to assess potential conditions. 

Depth to Water Table. Of the mapped soils along the pipeline alignment, about 94 percent are listed as 

hydric soils with 66 percent mapped as poorly drained and 28 percent mapped as somewhat poorly 

drained. Non-hydric soil mapping units comprising the remaining portion of the pipeline alignment 

include moderately well drained (about 2 percent) and well drained (about 4 percent) soils. This 

information indicates that water tables could be shallow throughout most of the alignment, especially 

between the months of December and April. This would potentially affect construction of the pipeline 

during these times. 

Expansive Soils. Seven of the twelve soil mapping units comprising about 86 percent of the total pipeline 

alignment have soils with high shrink-swell potential due to the presence of smectitic (i.e., expansive) clay. 

Expansive clay issues can be expected in the Capay clay, Clear Lake clay, Gridley clay loam, Oswald clay, 

and Subaco clay soil mapping units. The project would need to follow the recommendations from a 

geotechnical analysis to avoid subsequent problems with pipeline heaving or subsidence by using 
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construction techniques in these expansive soil areas that reduce the potential for shrinking and swelling 

effects. 

Susceptibility to Erosion. The overall risk of soil erosion by water along the pipeline alignment is slight. 

While not specifically mentioned in the detailed soil descriptions, the hazard from wind erosion in the 

project areas is also expected to be negligible to slight because of the preponderance of fine textured 

soils. Even where fine sandy loam textures are present in the surface soils (e.g., Columbia (119) and 

Shanghai (161) soils), the presence of shallow water tables (both are somewhat poorly drained), would 

help mitigate blowing soils. Any long-term stockpiling of these soils during construction could require 

protective measures such as covering of the piles or use of soil tackifiers to prevent soil emissions from 

wind erosion.  

Susceptibility to flooding/ponding. Almost all of the pipeline alignment occurs within fields that have 

been leveled for irrigation agriculture. In areas with fine textured soils, the leveled fields would be subject 

to ponding for extended periods. Of the mapped soils along the alignment, the (154) Oswald clay, 

frequently flooded soil mapping unit was noted to be frequently flooded, consistent with its location 

within the Sutter Bypass. For similar reasons related to its location within the Sutter Bypass, the (161) 

Shanghai fine sandy loam soil mapping unit would also be subject to frequent flooding. Other soils along 

the alignment that are part of the agriculture in this area are subject to regular inundation by irrigation or 

would otherwise be protected from flooding by levees. 

Depth to a Restrictive Layer. Shallow depth to a restrictive layer (i.e., siltstone) would represent a 

potential increased difficulty and cost for excavations. Six of the twelve soil mapping units, comprising 

about 39 percent of the total pipeline alignment were indicated to be underlain by lithic or paralithic 

bedrock (i.e., siltstone) layers beginning within 20 to 40 inches from the surface. The shallow siltstone 

restrictive layers were associated with the following soil mapping units (115) Clear Lake clay, siltstone 

substratum, (132) Gridley clay loam, (153) Oswald clay and (154) Oswald clay, frequently flooded, (173) 

Subaco clay, and (174) Tisdale clay loam. The depth to a restrictive layer for the remaining soil mapping 

units along the pipeline alignment was indicated to be more than 80 inches. 

References 

Miles S. R. and Charles B. Goudey. 1997. Ecological Subregions of California. United States Department of 

Agriculture, Forest Service, Pacific Southwest Region. Publication R5-EM-TP-005. San Francisco, CA. 

Natural Resources Conservation Service (NRCS). 2023a. Web Soil Survey. Soil Survey of Sutter County, 

California. U.S. Department of Agriculture. 

http://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx. 

Natural Resources Conservation Service (NRCS). 2023b.Official Soil Series Descriptions. 
https://soilseries.sc.egov.usda.gov/osdname.aspx 

Natural Resources Conservation Service (NRCS). 2023c. Soil Data Access (SDA) Hydric Soils List for 

California and Sutter County. Accessed March 27, 2023. https://www.nrcs.usda.gov/publications/query-by-
ssa.html 

Soil Conservation Service (SCS). 1988. Soil Survey, Sutter County, California. Issued July. PDF of 
document archived on the NRCS web site. 

http://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx
https://soilseries.sc.egov.usda.gov/osdname.aspx
https://www.nrcs.usda.gov/publications/query-by-ssa.html
https://www.nrcs.usda.gov/publications/query-by-ssa.html


Sutter Energy Center

132

153

174

125

125

126

126

126

126

126

141

 \\DC1VS01\GISPROJ\C\CALPINE\SUTTERENERGYCENTER\MAPFILES\REPORT\2023\SOILS\SOILS-1_NRCS_SOILS.MXD - mcotterb - Date: 5/16/2023

0 0.25
Miles

$

Legend
Sutter Energy Center

NRCS Soils
125 - Conejo loam, 0 percent slopes, dense substratum, MLRA 17
126 - Conejo-Tisdale complex, 0 percent slopes, MLRA 17
132 - Gridley clay loam, 0 to 1 percent slopes
141 - Marcum clay loam, siltstone substratum, 0 to 1 percent slopes
153 - Oswald clay, 0 to 2 percent slopes
174 - Tisdale clay loam, 0 to 2 percent slopes

Sutter Energy Center

Map 1 of 7

Figure SOILS-1
Map 1 of 7
NRCS Soils
Sutter Energy Center
Sutter County, CA



177

177

161

141

132

153

112

173

177

154

173

 \\DC1VS01\GISPROJ\C\CALPINE\SUTTERENERGYCENTER\MAPFILES\REPORT\2023\SOILS\SOILS-1_NRCS_SOILS.MXD - mcotterb - Date: 5/16/2023

0 0.25
Miles

$

Legend
NRCS Soils

112 - Clear Lake clay, 0 to 1 percent slopes, MLRA 17
132 - Gridley clay loam, 0 to 1 percent slopes
141 - Marcum clay loam, siltstone substratum, 0 to 1 percent slopes
153 - Oswald clay, 0 to 2 percent slopes
154 - Oswald clay, frequently flooded, 0 to 2 percent slopes
161 - Shanghai fine sandy loam, channeled, 0 to 2 percent slopes
173 - Subaco clay, 0 to 2 percent slopes
177 - Water

Sutter Energy Center

Map 2 of 7

Figure SOILS-1
Map 2 of 7
NRCS Soils
Sutter Energy Center
Sutter County, CA



173

115

177

177

177

161

153

173

112

115

173

177

112104

154

173

 \\DC1VS01\GISPROJ\C\CALPINE\SUTTERENERGYCENTER\MAPFILES\REPORT\2023\SOILS\SOILS-1_NRCS_SOILS.MXD - mcotterb - Date: 5/16/2023

0 0.25
Miles

$

Legend
NRCS Soils

104 - Capay silty clay, 0 to 2 percent slopes
112 - Clear Lake clay, 0 to 1 percent slopes, MLRA 17
115 - Clear Lake clay, siltstone substratum, 0 to 2 percent slopes
153 - Oswald clay, 0 to 2 percent slopes
154 - Oswald clay, frequently flooded, 0 to 2 percent slopes
161 - Shanghai fine sandy loam, channeled, 0 to 2 percent slopes
173 - Subaco clay, 0 to 2 percent slopes
177 - Water

Sutter Energy Center

Map 3 of 7

Figure SOILS-1
Map 3 of 7
NRCS Soils
Sutter Energy Center
Sutter County, CA



115

119

162

108

112
173

112

104

 \\DC1VS01\GISPROJ\C\CALPINE\SUTTERENERGYCENTER\MAPFILES\REPORT\2023\SOILS\SOILS-1_NRCS_SOILS.MXD - mcotterb - Date: 5/16/2023

0 0.25
Miles

$

Legend
NRCS Soils

104 - Capay silty clay, 0 to 2 percent slopes
108 - Capay silty clay, wet 0 to 2 percent
112 - Clear Lake clay, 0 to 1 percent slopes, MLRA 17
115 - Clear Lake clay, siltstone substratum, 0 to 2 percent slopes
119 - Columbia fine sandy loam, clay substratum, 0 to 2 percent slopes
162 - Shanghai silt loam, 0 to 2 percent slopes
173 - Subaco clay, 0 to 2 percent slopes

Sutter Energy Center

Map 4 of 7

Figure SOILS-1
Map 4 of 7
NRCS Soils
Sutter Energy Center
Sutter County, CA



119

112

112

163

163

103

162

112

104

 \\DC1VS01\GISPROJ\C\CALPINE\SUTTERENERGYCENTER\MAPFILES\REPORT\2023\SOILS\SOILS-1_NRCS_SOILS.MXD - mcotterb - Date: 5/16/2023

0 0.25
Miles

$

Legend
NRCS Soils

103 - Byington silt loam, 0 to 2 percent slopes
104 - Capay silty clay, 0 to 2 percent slopes
112 - Clear Lake clay, 0 to 1 percent slopes, MLRA 17
119 - Columbia fine sandy loam, clay substratum, 0 to 2 percent slopes
162 - Shanghai silt loam, 0 to 2 percent slopes
163 - Shanghai silt loam, clay substratum, 0 to 2 percent slopes

Sutter Energy Center

Map 5 of 7

Figure SOILS-1
Map 5 of 7
NRCS Soils
Sutter Energy Center
Sutter County, CA



112

103

103

103

103

112

112

104

 \\DC1VS01\GISPROJ\C\CALPINE\SUTTERENERGYCENTER\MAPFILES\REPORT\2023\SOILS\SOILS-1_NRCS_SOILS.MXD - mcotterb - Date: 5/16/2023

0 0.25
Miles

$

Legend
NRCS Soils

103 - Byington silt loam, 0 to 2 percent slopes
104 - Capay silty clay, 0 to 2 percent slopes
112 - Clear Lake clay, 0 to 1 percent slopes, MLRA 17

Sutter Energy Center

Map 6 of 7

Figure SOILS-1
Map 6 of 7
NRCS Soils
Sutter Energy Center
Sutter County, CA



!A

112

104

103

167

167

177

112

104

177
122

177

Td

Sr

 \\DC1VS01\GISPROJ\C\CALPINE\SUTTERENERGYCENTER\MAPFILES\REPORT\2023\SOILS\SOILS-1_NRCS_SOILS.MXD - mcotterb - Date: 5/16/2023

0 0.25
Miles

$

Legend
!A Injection Well

NRCS Soils
103 - Byington silt loam, 0 to 2 percent slopes
104 - Capay silty clay, 0 to 2 percent slopes
112 - Clear Lake clay, 0 to 1 percent slopes, MLRA 17
122 - Columbia loam, 0 to 2 percent slopes
167 - Shanghai silty clay loam, 0 to 2 percent slopes
177 - Water
Sr - Sycamore silt loam, flooded
Td - Tyndall very fine sandy loam, flooded

Sutter Energy Center

Map 7 of 7

Figure SOILS-1
Map 7 of 7
NRCS Soils
Sutter Energy Center
Sutter County, CA



  

  

 

 

Attachment A 

Soils Maps and Detailed Descriptions 



United States
Department of
Agriculture

A product of the National
Cooperative Soil Survey,
a joint effort of the United
States Department of
Agriculture and other
Federal agencies, State
agencies including the
Agricultural Experiment
Stations, and local
participants

Custom Soil Resource 
Report for
Sutter County, 
California, and Yolo 
County, California
Sutter Energy Center

Natural
Resources
Conservation
Service

April 8, 2023



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 
(https://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 
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alternative means 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 
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scientists classified and named the soils in the survey area, they compared the 
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 
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identified each as a specific map unit. Aerial photographs show trees, buildings, 
fields, roads, and rivers, all of which help in locating boundaries accurately.
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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 scales 
ranging from 1:20,000 to 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: 
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: Sutter County, California
Survey Area Data: Version 20, Sep 1, 2022

Soil Survey Area: Yolo County, California
Survey Area Data: Version 19, Sep 1, 2022

Your area of interest (AOI) includes more than one soil survey 
area. These survey areas may have been mapped at different 
scales, with a different land use in mind, at different times, or at 
different levels of detail. This may result in map unit symbols, soil 
properties, and interpretations that do not completely agree 
across soil survey area boundaries.

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

Date(s) aerial images were photographed: Dec 6, 2018—Apr 24, 
2022

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
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MAP LEGEND MAP INFORMATION

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

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

103 Byington silt loam, 0 to 2 
percent slopes

776.6 5.4%

104 Capay silty clay, 0 to 2 percent 
slopes

1,806.8 12.6%

108 Capay silty clay, wet 0 to 2 
percent

510.4 3.6%

112 Clear Lake clay, 0 to 1 percent 
slopes, MLRA 17

2,061.7 14.4%

115 Clear Lake clay, siltstone 
substratum, 0 to 2 percent 
slopes

1,174.6 8.2%

117 Columbia fine sandy loam, 0 to 
2 percent slopes, MLRA 17

3.5 0.0%

118 Columbia fine sandy loam, 
channeled, 0 to 2 percent 
slopes

50.7 0.4%

119 Columbia fine sandy loam, clay 
substratum, 0 to 2 percent 
slopes

564.4 3.9%

122 Columbia loam, 0 to 2 percent 
slopes

82.2 0.6%

126 Conejo-Tisdale complex, 0 
percent slopes, MLRA 17

270.0 1.9%

132 Gridley clay loam, 0 to 1 
percent slopes

627.1 4.4%

141 Marcum clay loam, siltstone 
substratum, 0 to 1 percent 
slopes

23.5 0.2%

153 Oswald clay, 0 to 2 percent 
slopes

2,566.6 17.9%

154 Oswald clay, frequently flooded, 
0 to 2 percent slopes

540.6 3.8%

161 Shanghai fine sandy loam, 
channeled, 0 to 2 percent 
slopes

256.9 1.8%

162 Shanghai silt loam, 0 to 2 
percent slopes

1,441.8 10.1%

163 Shanghai silt loam, clay 
substratum, 0 to 2 percent 
slopes

38.1 0.3%

167 Shanghai silty clay loam, 0 to 2 
percent slopes

100.2 0.7%

173 Subaco clay, 0 to 2 percent 
slopes

898.7 6.3%

174 Tisdale clay loam, 0 to 2 
percent slopes

407.3 2.8%
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Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

177 Water 66.0 0.5%

Subtotals for Soil Survey Area 14,267.7 99.8%

Totals for Area of Interest 14,301.0 100.0%

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

Sr Sycamore silt loam, flooded 19.6 0.1%

Td Tyndall very fine sandy loam, 
flooded

5.7 0.0%

W Water 7.4 0.1%

Subtotals for Soil Survey Area 32.7 0.2%

Totals for Area of Interest 14,301.0 100.0%

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 
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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 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.
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Sutter County, California

103—Byington silt loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: hdyk
Elevation: 20 to 50 feet
Mean annual precipitation: 14 to 17 inches
Mean annual air temperature: 61 to 64 degrees F
Frost-free period: 260 to 280 days
Farmland classification: Prime farmland if irrigated

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

Description of Byington, Silt Loam

Setting
Landform: Flood plains
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Mixed silty alluvium

Typical profile
H1 - 0 to 13 inches: silt loam
H2 - 13 to 61 inches: stratified silt loam to silty clay loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.57 to 1.98 in/hr)
Depth to water table: About 24 to 36 inches
Frequency of flooding: Rare
Frequency of ponding: None
Maximum salinity: Nonsaline to slightly saline (0.0 to 4.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 10.2 inches)

Interpretive groups
Land capability classification (irrigated): 3w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: C
Ecological site: R017XY903CA - Stream Channels and Floodplains
Hydric soil rating: Yes

Minor Components

Columbia
Percent of map unit: 5 percent
Landform: Flood plains
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Hydric soil rating: Yes

Shanghai
Percent of map unit: 4 percent
Hydric soil rating: No

Nueva
Percent of map unit: 4 percent
Hydric soil rating: No

Unnamed, saline-sodic
Percent of map unit: 2 percent
Hydric soil rating: No

104—Capay silty clay, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: hdyl
Elevation: 20 to 50 feet
Mean annual precipitation: 14 to 17 inches
Mean annual air temperature: 61 to 64 degrees F
Frost-free period: 260 to 280 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Capay, silty clay, and similar soils: 70 percent
Minor components: 30 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Capay, Silty Clay

Setting
Landform: Basin floors
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Mixed alluvium

Typical profile
H1 - 0 to 36 inches: silty clay
H2 - 36 to 60 inches: clay loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: Rare
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Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Sodium adsorption ratio, maximum: 10.0
Available water supply, 0 to 60 inches: High (about 9.7 inches)

Interpretive groups
Land capability classification (irrigated): 2s
Land capability classification (nonirrigated): 4s
Hydrologic Soil Group: C
Ecological site: R017XY901CA - Clayey Basin Group
Hydric soil rating: Yes

Minor Components

Clear lake
Percent of map unit: 10 percent
Landform: Basin floors
Hydric soil rating: Yes

Oswald
Percent of map unit: 10 percent
Landform: Basin floors
Hydric soil rating: Yes

Gridley
Percent of map unit: 10 percent
Hydric soil rating: No

108—Capay silty clay, wet 0 to 2 percent

Map Unit Setting
National map unit symbol: hdyq
Elevation: 20 to 50 feet
Mean annual precipitation: 14 to 17 inches
Mean annual air temperature: 61 to 64 degrees F
Frost-free period: 260 to 280 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Capay, silty clay, wet, and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Capay, Silty Clay, Wet

Setting
Landform: Basin floors
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
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Across-slope shape: Linear
Parent material: Mixed alluvium

Typical profile
H1 - 0 to 16 inches: silty clay
H2 - 16 to 60 inches: clay loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 48 to 60 inches
Frequency of flooding: Rare
Frequency of ponding: None
Maximum salinity: Nonsaline to slightly saline (0.0 to 4.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 10.3 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: C
Ecological site: R017XY901CA - Clayey Basin Group
Hydric soil rating: Yes

Minor Components

Liveoak
Percent of map unit: 5 percent
Hydric soil rating: No

Gridley
Percent of map unit: 5 percent
Hydric soil rating: No

Clear lake
Percent of map unit: 5 percent
Landform: Basin floors
Hydric soil rating: Yes

Oswald
Percent of map unit: 5 percent
Landform: Basin floors
Hydric soil rating: Yes

112—Clear Lake clay, 0 to 1 percent slopes, MLRA 17

Map Unit Setting
National map unit symbol: 2vbsz
Elevation: 20 to 400 feet
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Mean annual precipitation: 17 to 19 inches
Mean annual air temperature: 61 to 63 degrees F
Frost-free period: 260 to 280 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Clear lake and similar soils: 90 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Clear Lake

Setting
Landform: Basin floors
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Basin alluvium derived from igneous, metamorphic and 

sedimentary rock

Typical profile
Ap - 0 to 10 inches: clay
Ag - 10 to 25 inches: clay
Bssg1 - 25 to 42 inches: clay
Bssg2 - 42 to 68 inches: clay

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Poorly drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 0 to 35 inches
Frequency of flooding: Rare
Frequency of ponding: Frequent
Calcium carbonate, maximum content: 4 percent
Maximum salinity: Nonsaline to very slightly saline (1.0 to 2.0 mmhos/cm)
Sodium adsorption ratio, maximum: 14.0
Available water supply, 0 to 60 inches: Moderate (about 8.5 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: C/D
Ecological site: R017XY901CA - Clayey Basin Group
Hydric soil rating: Yes

Minor Components

Capay
Percent of map unit: 4 percent
Landform: Basin floors
Hydric soil rating: Yes
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Subaco
Percent of map unit: 3 percent
Landform: Flood plains
Hydric soil rating: Yes

Oswald
Percent of map unit: 3 percent
Landform: Basin floors
Hydric soil rating: Yes

115—Clear Lake clay, siltstone substratum, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: hdyy
Elevation: 20 to 50 feet
Mean annual precipitation: 14 to 17 inches
Mean annual air temperature: 61 to 64 degrees F
Frost-free period: 260 to 280 days
Farmland classification: Prime farmland if irrigated

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

Description of Clear Lake, Clay, Siltstone Substratum

Setting
Landform: Basin floors
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Mixed alluvium

Typical profile
H1 - 0 to 42 inches: clay
H2 - 42 to 48 inches: clay
H3 - 48 to 52 inches: weathered bedrock

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: 40 to 60 inches to paralithic bedrock
Drainage class: Poorly drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 36 to 60 inches
Frequency of flooding: Rare
Frequency of ponding: None
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Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 7.2 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: C
Ecological site: R017XY901CA - Clayey Basin Group
Hydric soil rating: Yes

Minor Components

Subaco
Percent of map unit: 5 percent
Landform: Flood plains
Hydric soil rating: Yes

Capay
Percent of map unit: 5 percent
Landform: Basin floors
Hydric soil rating: Yes

Oswald
Percent of map unit: 5 percent
Landform: Basin floors
Hydric soil rating: Yes

117—Columbia fine sandy loam, 0 to 2 percent slopes, MLRA 17

Map Unit Setting
National map unit symbol: 2t7qw
Elevation: 20 to 90 feet
Mean annual precipitation: 18 to 22 inches
Mean annual air temperature: 63 degrees F
Frost-free period: 260 to 280 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Columbia, fine sandy loam, and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Columbia, Fine Sandy Loam

Setting
Landform: Flood-plain steps
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
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Parent material: Mixed alluvium derived from igneous, metamorphic and 
sedimentary rock

Typical profile
Ap - 0 to 10 inches: fine sandy loam
A - 10 to 14 inches: fine sandy loam
C1 - 14 to 19 inches: fine sandy loam
C2 - 19 to 33 inches: fine sandy loam
C3 - 33 to 38 inches: fine sandy loam
C4 - 38 to 68 inches: very fine sandy loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.60 to 6.00 in/hr)
Depth to water table: About 36 to 60 inches
Frequency of flooding: RareNone
Frequency of ponding: None
Maximum salinity: Nonsaline (0.3 to 0.5 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 9.8 inches)

Interpretive groups
Land capability classification (irrigated): 2s
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: B
Ecological site: R017XY903CA - Stream Channels and Floodplains
Hydric soil rating: No

Minor Components

Byington
Percent of map unit: 5 percent
Landform: Flood-plain steps
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Concave
Hydric soil rating: Yes

Shanghai
Percent of map unit: 5 percent
Landform: Flood-plain steps
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Microfeatures of landform position: Channels
Down-slope shape: Linear
Across-slope shape: Linear, concave
Hydric soil rating: Yes

Tisdale
Percent of map unit: 5 percent
Landform: Stream terraces
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
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Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No

Holillipah
Percent of map unit: 5 percent
Landform: Flood-plain steps
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Hydric soil rating: No

118—Columbia fine sandy loam, channeled, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: hdz1
Elevation: 20 to 80 feet
Mean annual precipitation: 17 to 20 inches
Mean annual air temperature: 61 to 64 degrees F
Frost-free period: 260 to 280 days
Farmland classification: Not prime farmland

Map Unit Composition
Columbia, fine sandy loam, channeled, and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Columbia, Fine Sandy Loam, Channeled

Setting
Landform: Flood plains
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Mixed alluvium

Typical profile
H1 - 0 to 14 inches: fine sandy loam
H2 - 14 to 60 inches: stratified fine sandy loam to very fine sandy loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
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: About 36 to 60 inches
Frequency of flooding: FrequentNone
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Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 6.6 inches)

Interpretive groups
Land capability classification (irrigated): 4w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: A
Ecological site: R017XY903CA - Stream Channels and Floodplains
Hydric soil rating: Yes

Minor Components

Shanghai
Percent of map unit: 7 percent
Landform: Flood plains
Hydric soil rating: Yes

Holillipah
Percent of map unit: 7 percent
Landform: Flood plains
Hydric soil rating: Yes

Tisdale
Percent of map unit: 6 percent
Hydric soil rating: No

119—Columbia fine sandy loam, clay substratum, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: hdz2
Elevation: 20 to 80 feet
Mean annual precipitation: 17 to 20 inches
Mean annual air temperature: 61 to 64 degrees F
Frost-free period: 260 to 280 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Columbia, fine sandy loam, clay substratum, and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Columbia, Fine Sandy Loam, Clay Substratum

Setting
Landform: Flood plains
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Mixed alluvium
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Typical profile
H1 - 0 to 15 inches: fine sandy loam
H2 - 15 to 52 inches: stratified sand to silt loam
H3 - 52 to 60 inches: stratified very fine sandy loam to clay loam to silty clay loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 36 to 60 inches
Frequency of flooding: Rare
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 5.3 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: A
Ecological site: R017XY903CA - Stream Channels and Floodplains
Hydric soil rating: Yes

Minor Components

Holillipah
Percent of map unit: 10 percent
Landform: Flood plains
Hydric soil rating: Yes

Shanghai
Percent of map unit: 10 percent
Landform: Flood plains
Hydric soil rating: Yes

122—Columbia loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: hdz5
Elevation: 20 to 80 feet
Mean annual precipitation: 14 to 17 inches
Mean annual air temperature: 61 to 64 degrees F
Frost-free period: 260 to 280 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Columbia, loam, and similar soils: 80 percent
Minor components: 20 percent
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Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Columbia, Loam

Setting
Landform: Flood plains
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Mixed alluvium

Typical profile
H1 - 0 to 25 inches: loam
H2 - 25 to 60 inches: stratified sand to silt loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.57 to 1.98 in/hr)
Depth to water table: About 36 to 60 inches
Frequency of flooding: Rare
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 7.2 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: B
Ecological site: R017XY903CA - Stream Channels and Floodplains
Hydric soil rating: Yes

Minor Components

Shanghai
Percent of map unit: 7 percent
Landform: Flood plains
Hydric soil rating: Yes

Holillipah
Percent of map unit: 7 percent
Landform: Flood plains
Hydric soil rating: Yes

Byington
Percent of map unit: 6 percent
Landform: Flood plains
Hydric soil rating: Yes
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126—Conejo-Tisdale complex, 0 percent slopes, MLRA 17

Map Unit Setting
National map unit symbol: 2y0fn
Elevation: 40 to 80 feet
Mean annual precipitation: 21 to 24 inches
Mean annual air temperature: 62 to 62 degrees F
Frost-free period: 319 to 322 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Conejo, loam, dense substratum, and similar soils: 45 percent
Tisdale, clay loam, and similar soils: 40 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Conejo, Loam, Dense Substratum

Setting
Landform: Stream terraces
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy alluvium derived from igneous and metamorphic rock over 

dense alluvium derived from igneous and metamorphic rock

Typical profile
Ap - 0 to 11 inches: loam
Bt - 11 to 42 inches: loam
2Cd - 42 to 80 inches: material

Properties and qualities
Slope: 0 percent
Depth to restrictive feature: 40 to 60 inches to densic material
Drainage class: Moderately well drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately low 

(0.00 to 0.06 in/hr)
Depth to water table: About 20 to 40 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline (0.2 to 0.5 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 7.6 inches)

Interpretive groups
Land capability classification (irrigated): 1
Land capability classification (nonirrigated): 4c
Hydrologic Soil Group: C
Ecological site: R017XY905CA - Dry Alluvial Fans and Terraces
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Hydric soil rating: No

Description of Tisdale, Clay Loam

Setting
Landform: Stream terraces
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy alluvium derived from igneous and metamorphic rock over 

dense alluvium derived from igneous and metamorphic rock

Typical profile
Ap - 0 to 7 inches: clay loam
A - 7 to 11 inches: clay loam
Bt1 - 11 to 21 inches: clay loam
Bt2 - 21 to 31 inches: clay loam
2Cd - 31 to 40 inches: material

Properties and qualities
Slope: 0 percent
Depth to restrictive feature: 20 to 40 inches to densic material
Drainage class: Moderately well drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Low to moderately low 

(0.00 to 0.06 in/hr)
Depth to water table: About 11 to 40 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline (0.1 to 0.5 mmhos/cm)
Sodium adsorption ratio, maximum: 1.0
Available water supply, 0 to 60 inches: Low (about 5.5 inches)

Interpretive groups
Land capability classification (irrigated): 3s
Land capability classification (nonirrigated): 4s
Hydrologic Soil Group: C/D
Ecological site: R017XY905CA - Dry Alluvial Fans and Terraces
Hydric soil rating: No

Minor Components

Conejo
Percent of map unit: 4 percent
Hydric soil rating: No

Gridley
Percent of map unit: 4 percent
Hydric soil rating: No

Liveoak
Percent of map unit: 4 percent
Hydric soil rating: No

Oswald
Percent of map unit: 3 percent
Landform: Basin floors
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Hydric soil rating: Yes

132—Gridley clay loam, 0 to 1 percent slopes

Map Unit Setting
National map unit symbol: hdzh
Elevation: 20 to 80 feet
Mean annual precipitation: 17 to 20 inches
Mean annual air temperature: 61 to 64 degrees F
Frost-free period: 260 to 280 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Gridley and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Gridley

Setting
Landform: Terraces
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Clayey alluvium derived from mixed

Typical profile
H1 - 0 to 19 inches: clay loam
H2 - 19 to 37 inches: clay
Cr - 37 to 60 inches: bedrock

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: 20 to 40 inches to paralithic bedrock
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Very low (0.00 to 0.00 

in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 6.5 inches)

Interpretive groups
Land capability classification (irrigated): 3s
Land capability classification (nonirrigated): 4s
Hydrologic Soil Group: D
Ecological site: R017XY901CA - Clayey Basin Group
Hydric soil rating: No
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Minor Components

Conejo
Percent of map unit: 4 percent
Hydric soil rating: No

Capay
Percent of map unit: 4 percent
Hydric soil rating: No

Tisdale
Percent of map unit: 3 percent
Hydric soil rating: No

Marcum
Percent of map unit: 3 percent
Hydric soil rating: No

Liveoak
Percent of map unit: 3 percent
Hydric soil rating: No

Oswald
Percent of map unit: 3 percent
Landform: Basin floors
Hydric soil rating: Yes

141—Marcum clay loam, siltstone substratum, 0 to 1 percent slopes

Map Unit Setting
National map unit symbol: hdzs
Elevation: 20 to 80 feet
Mean annual precipitation: 17 to 20 inches
Mean annual air temperature: 61 to 64 degrees F
Frost-free period: 260 to 280 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Marcum, clay loam, siltstone substratum, and similar soils: 75 percent
Minor components: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Marcum, Clay Loam, Siltstone Substratum

Setting
Landform: Rims, terraces
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy alluvium derived from mixed
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Typical profile
H1 - 0 to 16 inches: clay loam
H2 - 16 to 28 inches: clay loam
H3 - 28 to 40 inches: silty clay
H4 - 40 to 43 inches: clay loam
H5 - 43 to 60 inches: weathered bedrock

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: 40 to 80 inches to paralithic bedrock
Drainage class: Moderately well drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum content: 1 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Moderate (about 7.4 inches)

Interpretive groups
Land capability classification (irrigated): 2s
Land capability classification (nonirrigated): 4s
Hydrologic Soil Group: C
Ecological site: R017XY901CA - Clayey Basin Group
Hydric soil rating: No

Minor Components

Conejo
Percent of map unit: 7 percent
Hydric soil rating: No

Oswald
Percent of map unit: 6 percent
Landform: Basin floors
Hydric soil rating: Yes

Gridley
Percent of map unit: 6 percent
Hydric soil rating: No

Tisdale
Percent of map unit: 6 percent
Hydric soil rating: No

153—Oswald clay, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: hf05
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Elevation: 20 to 40 feet
Mean annual precipitation: 14 to 17 inches
Mean annual air temperature: 61 to 64 degrees F
Frost-free period: 260 to 280 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Oswald, clay, and similar soils: 90 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Oswald, Clay

Setting
Landform: Basin floors
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Clayey alluvium derived from mixed

Typical profile
H1 - 0 to 15 inches: clay
H2 - 15 to 33 inches: clay
H3 - 33 to 37 inches: weathered bedrock

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: 20 to 40 inches to paralithic bedrock
Drainage class: Poorly drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 18 to 42 inches
Frequency of flooding: Rare
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 5.3 inches)

Interpretive groups
Land capability classification (irrigated): 3w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: D
Ecological site: R017XY901CA - Clayey Basin Group
Hydric soil rating: Yes

Minor Components

Conejo
Percent of map unit: 4 percent
Hydric soil rating: No

Tisdale
Percent of map unit: 3 percent
Hydric soil rating: No

Gridley
Percent of map unit: 3 percent
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Hydric soil rating: No

154—Oswald clay, frequently flooded, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: hf06
Elevation: 20 to 50 feet
Mean annual precipitation: 14 to 18 inches
Mean annual air temperature: 61 to 64 degrees F
Frost-free period: 260 to 280 days
Farmland classification: Not prime farmland

Map Unit Composition
Oswald, clay, frequently flooded, and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Oswald, Clay, Frequently Flooded

Setting
Landform: Basin floors
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Clayey alluvium derived from mixed

Typical profile
H1 - 0 to 15 inches: clay
H2 - 15 to 33 inches: clay
H3 - 33 to 37 inches: weathered bedrock

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: 20 to 40 inches to paralithic bedrock
Drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 18 to 42 inches
Frequency of flooding: FrequentNone
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 5.3 inches)

Interpretive groups
Land capability classification (irrigated): 4w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: D
Ecological site: R017XY901CA - Clayey Basin Group
Hydric soil rating: Yes
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Minor Components

Liveoak
Percent of map unit: 4 percent
Hydric soil rating: No

Capay
Percent of map unit: 4 percent
Landform: Basin floors
Hydric soil rating: Yes

Clear lake
Percent of map unit: 4 percent
Landform: Basin floors
Hydric soil rating: Yes

Gridley
Percent of map unit: 4 percent
Hydric soil rating: No

Tisdale
Percent of map unit: 4 percent
Hydric soil rating: No

161—Shanghai fine sandy loam, channeled, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: hf0f
Elevation: 20 to 80 feet
Mean annual precipitation: 17 to 20 inches
Mean annual air temperature: 61 to 64 degrees F
Frost-free period: 260 to 280 days
Farmland classification: Not prime farmland

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

Description of Shanghai, Fine Sandy Loam, Channeled

Setting
Landform: Flood plains
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from mixed

Typical profile
H1 - 0 to 15 inches: fine sandy loam
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H2 - 15 to 60 inches: stratified fine sandy loam to silty clay loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.57 to 1.98 in/hr)
Depth to water table: About 36 to 60 inches
Frequency of flooding: FrequentNone
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 9.6 inches)

Interpretive groups
Land capability classification (irrigated): 4w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: B
Ecological site: R017XY903CA - Stream Channels and Floodplains
Hydric soil rating: Yes

Minor Components

Columbia
Percent of map unit: 8 percent
Landform: Flood plains
Hydric soil rating: Yes

Holillipah
Percent of map unit: 7 percent
Landform: Flood plains
Hydric soil rating: Yes

162—Shanghai silt loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: hf0g
Elevation: 20 to 80 feet
Mean annual precipitation: 17 to 20 inches
Mean annual air temperature: 61 to 64 degrees F
Frost-free period: 260 to 280 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Shanghai, silt loam, and similar soils: 85 percent
Minor components: 15 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Description of Shanghai, Silt Loam

Setting
Landform: Flood plains
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from mixed

Typical profile
H1 - 0 to 9 inches: silt loam
H2 - 9 to 60 inches: stratified fine sandy loam to silty clay loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.57 to 1.98 in/hr)
Depth to water table: About 36 to 60 inches
Frequency of flooding: Rare
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 10.2 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: B
Ecological site: R017XY903CA - Stream Channels and Floodplains
Hydric soil rating: Yes

Minor Components

Columbia
Percent of map unit: 5 percent
Landform: Flood plains
Hydric soil rating: Yes

Holillipah
Percent of map unit: 5 percent
Landform: Flood plains
Hydric soil rating: Yes

Shanghai, fine sandy loam
Percent of map unit: 5 percent
Landform: Flood plains
Hydric soil rating: Yes
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163—Shanghai silt loam, clay substratum, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: hf0h
Elevation: 20 to 80 feet
Mean annual precipitation: 17 to 20 inches
Mean annual air temperature: 61 to 64 degrees F
Frost-free period: 260 to 280 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Shanghai, silt loam, clay substratum, and similar soils: 90 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Shanghai, Silt Loam, Clay Substratum

Setting
Landform: Flood plains
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from mixed

Typical profile
H1 - 0 to 12 inches: silt loam
H2 - 12 to 41 inches: stratified fine sandy loam to silty clay loam
H3 - 41 to 60 inches: clay

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 48 to 60 inches
Frequency of flooding: Rare
Frequency of ponding: None
Calcium carbonate, maximum content: 5 percent
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 9.8 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: B
Ecological site: R017XY903CA - Stream Channels and Floodplains
Hydric soil rating: Yes
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Minor Components

Columbia
Percent of map unit: 4 percent
Landform: Flood plains
Hydric soil rating: Yes

Holillipah
Percent of map unit: 3 percent
Landform: Flood plains
Hydric soil rating: Yes

Conejo
Percent of map unit: 3 percent
Hydric soil rating: No

167—Shanghai silty clay loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: hf0m
Elevation: 20 to 80 feet
Mean annual precipitation: 17 to 20 inches
Mean annual air temperature: 61 to 64 degrees F
Frost-free period: 260 to 280 days
Farmland classification: Prime farmland if irrigated

Map Unit Composition
Shanghai, silty clay loam, and similar soils: 90 percent
Minor components: 10 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Shanghai, Silty Clay Loam

Setting
Landform: Flood plains
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from mixed

Typical profile
H1 - 0 to 38 inches: silty clay loam
H2 - 38 to 60 inches: stratified fine sandy loam to silty clay loam

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
Runoff class: Very low
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Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 
to 0.57 in/hr)

Depth to water table: About 36 to 60 inches
Frequency of flooding: Rare
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 10.9 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: C
Ecological site: R017XY903CA - Stream Channels and Floodplains
Hydric soil rating: Yes

Minor Components

Columbia
Percent of map unit: 4 percent
Landform: Flood plains
Hydric soil rating: Yes

Holillipah
Percent of map unit: 3 percent
Landform: Flood plains
Hydric soil rating: Yes

Unnamed
Percent of map unit: 3 percent
Landform: Flood plains
Hydric soil rating: Yes

173—Subaco clay, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: hf0t
Elevation: 20 to 50 feet
Mean annual precipitation: 14 to 17 inches
Mean annual air temperature: 61 to 64 degrees F
Frost-free period: 260 to 280 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Subaco, clay, and similar soils: 80 percent
Minor components: 20 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Subaco, Clay

Setting
Landform: Basin floors
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Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Clayey alluvium derived from mixed

Typical profile
H1 - 0 to 13 inches: clay
H2 - 13 to 26 inches: clay
H3 - 26 to 30 inches: unweathered bedrock

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: 20 to 40 inches to lithic bedrock
Drainage class: Poorly drained
Runoff class: Very low
Capacity of the most limiting layer to transmit water (Ksat): Moderately low to 

moderately high (0.06 to 0.20 in/hr)
Depth to water table: About 18 to 36 inches
Frequency of flooding: Rare
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 3.9 inches)

Interpretive groups
Land capability classification (irrigated): 3w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: D
Ecological site: R017XY901CA - Clayey Basin Group
Hydric soil rating: Yes

Minor Components

Capay
Percent of map unit: 7 percent
Landform: Basin floors
Hydric soil rating: Yes

Clear lake
Percent of map unit: 7 percent
Landform: Basin floors
Hydric soil rating: Yes

Oswald
Percent of map unit: 6 percent
Landform: Basin floors
Hydric soil rating: Yes

174—Tisdale clay loam, 0 to 2 percent slopes

Map Unit Setting
National map unit symbol: hf0v
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Elevation: 10 to 100 feet
Mean annual precipitation: 18 inches
Mean annual air temperature: 63 degrees F
Frost-free period: 270 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Tisdale and similar soils: 75 percent
Minor components: 25 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Tisdale

Setting
Landform: Terraces
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Mixed loamy alluvium

Typical profile
H1 - 0 to 11 inches: clay loam
H2 - 11 to 31 inches: clay loam
H3 - 31 to 35 inches: weathered bedrock

Properties and qualities
Slope: 0 to 2 percent
Depth to restrictive feature: 20 to 40 inches to paralithic bedrock
Drainage class: Well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.57 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Maximum salinity: Nonsaline to very slightly saline (0.0 to 2.0 mmhos/cm)
Available water supply, 0 to 60 inches: Low (about 5.4 inches)

Interpretive groups
Land capability classification (irrigated): 3s
Land capability classification (nonirrigated): 4s
Hydrologic Soil Group: C
Ecological site: R017XY905CA - Dry Alluvial Fans and Terraces
Hydric soil rating: No

Minor Components

Conejo
Percent of map unit: 5 percent
Hydric soil rating: No

Gridley
Percent of map unit: 5 percent
Hydric soil rating: No

Unnamed, w/ hardpan
Percent of map unit: 5 percent
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Oswald
Percent of map unit: 5 percent
Landform: Flood plains
Hydric soil rating: Yes

Liveoak
Percent of map unit: 5 percent
Hydric soil rating: No

177—Water

Map Unit Composition
Water: 100 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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Yolo County, California

Sr—Sycamore silt loam, flooded

Map Unit Setting
National map unit symbol: hdxm
Elevation: 0 to 60 feet
Mean annual precipitation: 15 to 20 inches
Mean annual air temperature: 61 degrees F
Frost-free period: 280 days
Farmland classification: Not prime farmland

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

Description of Sycamore

Setting
Landform: Alluvial fans
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Base slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Mixed alluvium derived from sedimentary rock

Typical profile
H1 - 0 to 14 inches: silt loam
H2 - 14 to 60 inches: silt loam

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): Moderately high to high 

(0.57 to 1.98 in/hr)
Depth to water table: About 36 to 60 inches
Frequency of flooding: OccasionalNone
Frequency of ponding: None
Maximum salinity: Slightly saline to strongly saline (4.0 to 16.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 11.4 inches)

Interpretive groups
Land capability classification (irrigated): 4w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: C
Ecological site: R017XY903CA - Stream Channels and Floodplains
Hydric soil rating: Yes

Minor Components

Merritt
Percent of map unit: 4 percent
Hydric soil rating: No
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Maria
Percent of map unit: 4 percent
Landform: Alluvial fans
Hydric soil rating: Yes

Tyndall
Percent of map unit: 4 percent
Hydric soil rating: No

Valdez
Percent of map unit: 3 percent
Landform: Alluvial fans
Hydric soil rating: Yes

Td—Tyndall very fine sandy loam, flooded

Map Unit Setting
National map unit symbol: hdxy
Elevation: 0 to 70 feet
Mean annual precipitation: 17 inches
Mean annual air temperature: 63 degrees F
Frost-free period: 280 days
Farmland classification: Not prime farmland

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

Description of Tyndall

Setting
Landform: Alluvial fans
Landform position (two-dimensional): Toeslope
Landform position (three-dimensional): Base slope
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Alluvium derived from sedimentary rock

Typical profile
H1 - 0 to 16 inches: very fine sandy loam
H2 - 16 to 60 inches: very fine sandy loam

Properties and qualities
Slope: 0 to 1 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Somewhat poorly drained
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: About 36 to 72 inches
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Frequency of flooding: OccasionalNone
Frequency of ponding: None
Calcium carbonate, maximum content: 10 percent
Maximum salinity: Slightly saline to moderately saline (4.0 to 8.0 mmhos/cm)
Available water supply, 0 to 60 inches: High (about 9.6 inches)

Interpretive groups
Land capability classification (irrigated): 4w
Land capability classification (nonirrigated): 4w
Hydrologic Soil Group: B
Ecological site: R017XY903CA - Stream Channels and Floodplains
Hydric soil rating: Yes

Minor Components

Sacramento
Percent of map unit: 5 percent
Landform: Alluvial fans
Hydric soil rating: Yes

Unnamed
Percent of map unit: 5 percent
Hydric soil rating: No

Lang
Percent of map unit: 5 percent
Hydric soil rating: No

W—Water

Map Unit Composition
Water: 100 percent
Estimates are based on observations, descriptions, and transects of the mapunit.
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  Official Series Descriptions accessed at https://soilseries.sc.egov.usda.gov/osdname.aspx 

3/27/2023 and 4/7/2023 

LOCATION BYINGTON                CA  Established Series  PWV/DJL/DJE/ET 01/2023 

BYINGTON SERIES 

The Byington series consists of very deep, poorly drained soils formed in alluvium derived from 

mixed sources. Byington soils are on flood plains and have slopes of 0 to 2 percent. The mean 

annual precipitation is 16 inches and the mean annual temperature is 62 degrees F. 

 

TAXONOMIC CLASS: Fine-silty, mixed, superactive, calcareous, thermic Aeric Fluvaquents 

 

TYPICAL PEDON: Byington loam, on a nearly level slope of less than 1 percent in a rice field at 

20 feet elevation. (Colors are for dry soil unless otherwise stated. When described on December 

11, 1981, the soil was moist throughout.) 

 

Ap1--0 to 8 inches; light olive gray (5Y 6/2) silt loam, dark olive gray (5Y 3/2) moist; moderate 

medium subangular blocky structure; hard, friable, sticky and slightly plastic; common very fine 

roots; many very fine tubular pores; strongly alkaline (pH 8.8); clear smooth boundary. (5 to 10 

inches thick) 

 

Ap2--8 to 13 inches; light olive gray (5Y 6/2) silt loam, dark grayish brown (2.5Y 4/2) moist; 

weak medium subangular blocky structure; hard, friable, sticky and slightly plastic; few very fine 

roots; many very fine tubular pores; slightly effervescent with disseminated lime; SAR 6; very 

strongly alkaline (pH 9.3); abrupt smooth boundary. (5 to 10 inches thick) 

 

C1--13 to 20 inches; pale brown (10YR 6/3) silt loam, dark grayish brown (10YR 4/2) moist; 

common medium distinct dark yellowish brown (10YR 4/6) mottles; (10YR 4/4) moist; massive; 

hard, friable, sticky and slightly plastic; few very fine tubular pores; slightly effervescent with 

disseminated lime; SAR 6.5; very strongly alkaline (pH 9.2); abrupt smooth boundary. (7 to 16 

inches thick) 

 

C2--20 to 26 inches; olive gray (5Y 5/2) silty clay loam, black (5Y 2.5/2) moist; massive; hard, 

friable, sticky and slightly plastic; common very fine and fine tubular pores; slightly effervescent 

with disseminated lime; SAR 7; very strongly alkaline (pH 9.5); abrupt smooth boundary. (6 to 10 

inches thick) 

 

C3--26 to 42 inches; light yellowish brown (2.5Y 6/4) silt loam, dark grayish brown (2.5Y 4/2) 

moist; common medium faint dark gray (10YR 4/1) and grayish brown (2.5Y 5/2) mottles; 

massive; slightly hard, very friable, slightly sticky and nonplastic; common very fine and fine 

tubular pores; slightly effervescent with disseminated lime; SAR 6; very strongly alkaline (pH 

9.4); clear smooth boundary. (14 to 18 inches thick) 

 

https://soilseries.sc.egov.usda.gov/osdname.aspx%203/27/2023%20and%204/7/2023
https://soilseries.sc.egov.usda.gov/osdname.aspx%203/27/2023%20and%204/7/2023


C4--42 to 62 inches; light brownish gray (2.5Y 6/2) silt loam, dark grayish brown (2.5Y 4/2) 

moist; common medium distinct yellowish brown (10YR 5/6) mottles; many fine prominent 

brown (7.5YR 4/4) and grayish brown (2.5Y 5/2) moist; massive; slightly hard, very friable, 

slightly sticky and nonplastic; common very fine tubular pores with gray (10YR 5/1) mottles in 

pores; slightly effervescent with disseminated lime; SAR 3.5; strongly alkaline (pH 8.8). 

 

TYPE LOCATION: Sutter County, California; approximately 1 mile north of Robbins on 

Reclamation Road, then 1.2 miles west on Seymore Road, then 1,800 feet south of Seymore 

Road on Field Road and 1,100 feet west on Field Road, then 20 feet north into rice field; 1,000 

feet west and 3,050 feet north of the southeast corner sec. 21, T. 12 N., R. 2 E. 

 

RANGE IN CHARACTERISTICS: The mean annual soil temperature is 60 degrees to 65 degrees F. 

The soil temperature is above 47 degrees F. the entire year. The difference between mean 

summer and mean winter soil temperatures is 30 degrees to 33 degrees F. 

 

The soil between depths of 6 and 18 inches is usually dry in all parts from June to November 

unless irrigated and is moist the rest of the year. The 10 to 40 inch control section is stratified silt 

loam, silty clay loam and very fine sandy loam, with less than 15 percent fine sand or coarser 

material. Clay content ranges from 15 to 30 percent and averages more than 18 percent. Clay 

content typically ranges from 18 to 25 percent. Organic matter content decreases irregularly 

with depth. Reaction is moderately to very strongly alkaline. E.C. varies from 0.5 to 4.0 mmhos 

and SAR varies from 0 to 7. 

 

The A horizon has dry color of 10YR 6/2; 2.5Y 6/2, 5/2 or 5Y 6/2 and moist color of 10YR 3/2; 

2.5Y 4/2, 3/2 or 5/Y 3/2. 

 

The C horizon has dry color of 10YR 6/3; 2.5Y 7/2, 6/2, 6/4 or 5Y 5/2 and moist color of 10YR 

4/2; 2.5Y 5/2, 4/2, 3/2 or 5Y 2.5/2. 

 

COMPETING SERIES: This is the Westcamp series in the same family and 

the Laugenour and Shanghai (T) series in other families. Laugenour soils are coarse, loamy. 

Shanghai soils lack 2 chroma mottles at 20 inches. Westcamp soils are somewhat poorly 

drained, very slowly permeable with a buried clay layer and are saline, sodic in most of the soil 

profile. 

 

GEOGRAPHIC SETTING: Byington are on flood plains in areas between natural river levees and 

basins. These soils formed in alluvium from mixed sources. Elevations are 20 to 50 feet. Climate 

is subhumid with hot dry summers and cool, foggy, moist winters. Mean annual precipitation is 

14 to 17 inches. Mean January temperature is 45 degrees F.; mean July temperature is 77 

degrees F.; and mean annual temperature is 60 degrees to 64 degrees F. The frost free season is 

260 to 280 days. 

 

https://soilseries.sc.egov.usda.gov/OSD_Docs/W/WESTCAMP.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/L/LAUGENOUR.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SHANGHAI.html


GEOGRAPHICALLY ASSOCIATED SOILS: These are the competing Shanghai soils, and 

the Columbia and Nueva soils. These soils are on natural river levees. Columbia soils are coarse, 

loamy. Nueva soils have mollic epipedons. 

 

DRAINAGE AND PERMEABILITY: Poorly drained; very slow runoff; moderate permeability. A 

water table occurs at 24 to 36 inches in December through April, and below 60 inches the rest of 

the year. 

 

USE AND VEGETATION: These soils are used for irrigated cropland to produce rice, small grains 

and row crops. 

 

DISTRIBUTION AND EXTENT: Southeastern part of Sacramento Valley. Soils are not extensive. 

 

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Davis, California 

 

SERIES ESTABLISHED: Sutter County, California 1983. Series name is from Byington Road. 

 

REMARKS: The activity class was added to the classification in January of 2003. Competing 

series were not checked at that time. - ET 

 

 

National Cooperative Soil Survey 

U.S.A. 

LOCATION CAPAY                   CA; Established Series Rev. 

GWH/CAF/JJJ/KP/SBS/AEC  03/2018 

CAPAY SERIES 
The Capay series consists of very deep, moderately well and somewhat poorly drained soils that formed 

in fine textured alluvium derived from mostly sandstone and shale. Capay soils are on flood basins, 

alluvial fans, interfan basins and basin rims. Slopes are 0 to 15 percent. The mean annual precipitation is 

about 21 inches(541 mm)and the mean annual air temperature is about 61 degrees F (16 degrees C). 

 

TAXONOMIC CLASS: Fine, smectitic, thermic Typic Haploxererts 

 

TYPICAL PEDON: Capay silty clay, cultivated. (Colors are for dry soil unless otherwise stated.) 

 

Ap--0 to 5 inches (0 to 13 cm); dark grayish brown (2.5Y 4/2) silty clay, very dark grayish brown (10YR 

3/2) moist; strong medium granular structure in upper 1 or 2 inches and strong coarse prismatic structure 

below; very hard, very firm, sticky and very plastic; many fine roots; common very fine tubular pores; 

neutral (pH 7.1); clear smooth boundary. (5 to 8 inches thick). 

 

Bk1--5 to 21 inches (13 to 53 cm); dark grayish brown (2.5Y 4/2) silty clay, very dark grayish brown 

(10YR 3/2) moist; few fine prominent strong brown (7.5YR 5/6) masses of oxidized iron, moist; strong 

very coarse prismatic structure; very hard, very firm, sticky and very plastic; few fine roots; common very 

https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SHANGHAI.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/C/COLUMBIA.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/N/NUEVA.html


fine tubular pores; strongly effervescent, fine soft masses of lime in lower 4 inches; moderately alkaline 

(pH 7.9); clear wavy boundary. (12 to 16 inches thick). 

 

Bssk1--21 to 32 inches (53 to 81 cm); brown (10YR 5/3) silty clay, dark brown (10YR 3/3) moist; strong 

coarse prismatic structure; very hard, very firm, sticky and very plastic; many fine roots; common very 

fine tubular pores; prominent intersecting slickensides; strongly effervescent, fine soft masses of lime; 

moderately alkaline (pH 8.4); clear wavy boundary. (8 to 12 inches thick). 

 

Bssk2--32 to 40 inches (81 to 102 cm); brown (10YR 5/3) silty clay, dark yellowish brown (10YR 4/4) 

moist; faces of peds dark brown (10YR 3/3) moist; moderate medium prismatic structure; hard, firm, 

sticky and very plastic; few fine roots; many very fine tubular pores; distinct intersecting slickensides; 

slightly effervescent, fine soft masses of lime; moderately alkaline (pH 8.3); gradual smooth boundary. (8 

to 10 inches thick). 

 

B'k2--40 to 50 inches (102 to 127 cm); pale brown (10YR 6/3) silty clay loam, dark yellowish brown 

(10YR 4/4) moist; faces of peds dark brown (10YR 3/3); moist; weak coarse angular blocky structure; 

hard, firm, sticky and very plastic; few fine roots, many very fine tubular pores; slightly effervescent; fine 

soft masses of lime; moderately alkaline (pH 8.3); diffuse boundary. (8 to 10 inches thick). 

 

B'k3--50 to 62 inches (127 to 157 cm); yellowish brown (10YR 5/6) silty clay loam, dark yellowish 

brown (10YR 4/4) moist; faces of peds dark brown (10YR 3/3); few fine distinct strong brown (7.5YR 

5/6) mottles, yellowish brown (10YR 5/6) moist; weak fine and medium angular blocky structure; hard, 

firm, sticky and very plastic; many very fine tubular pores; slightly effervescent, fine soft masses of lime; 

moderately alkaline (pH 8.2); diffuse boundary. 

 

2B'k4--62 to 81 inches (157 to 206 cm); pale brown (10YR 6/3) clay loam, dark yellowish brown (10YR 

4/4) moist; 1 percent fine distinct (7.5YR 5/6) and 1 percent fine faint (10YR 5/6) masses of oxidized 

iron; massive parting to weak fine and medium angular blocky structure; hard, firm, moderately sticky, 

very plastic; very few roots; many tubular pores; 3 percent carbonate concretions and few fine masses of 

lime; slightly effervescent; moderately alkaline (pH 8.3); clear smooth boundary. 

 

2B'k5--81 to 88 inches (206 to 224 cm); pale brown (10YR 6/3) sandy clay loam, dark yellowish brown 

(10YR 4/4) moist; 3 percent medium distinct (7.5YR 6/6) and 3 percent medium distinct (7.5YR 5/6) 

masses of oxidized iron; massive parting to weak fine and medium angular blocky structure; hard, firm, 

moderately sticky, moderately plastic; very few roots; very few fine irregular and common very fine 

tubular pores; few fine masses of lime; slightly effervescent; moderately alkaline (pH 8.3); clear wavy 

boundary. 

 

2B'k6--88 to 102 inches (224 to 259 cm); yellowish brown (10YR 5/4) fine sandy loam, dark yellowish 

brown (10YR 4/4) moist; massive; few fine masses of lime; slightly effervescent; moderately alkaline (pH 

8.1). 

 

TYPE LOCATION: Solano County, California; about 2 1/2 miles northeast of Elmira; about 200 feet 

east and 50 feet north of the SW corner of section 16, T.6 N., R.1 E., MDB&M. 38 degrees 21 minutes 33 

seconds North, 121 degrees 52 minutes 38 seconds West, NAD83. 

 

RANGE IN CHARACTERISTICS: The mean annual soil temperature is estimated to range from 60 

degrees to 66 degrees F. Some pedons are saline-sodic throughout. The soils have 1 to 2 cm wide cracks 

that open and close at least once each year and remain open for 150 days or less in the summer. 

 

The A horizon is 10YR 5/2, 4/2, 3/2, 5/3, 4/3; 7.5YR 5/2, 5/4, 4/2; 2.5Y 5/2, 4/2 or 3/2, moist values are 



commonly one unit lower. Texture is clay, silty clay, silty clay loam or clay loam. Reaction is moderately 

acid to moderately alkaline becoming more alkaline with increasing depth. Some pedons have a few 

mottles in the A horizon. These are commonly associated with rice culture. The lower part of the A 

horizon may have intersecting slickensides. 

 

The Bssk and B'k horizons are 10YR 7/2, 6/4, 6/3, 5/4, 4/2, 4/3, 4/4, 5/2, 5/3; 2.5Y 6/2, 5/2, 5/4, 5/6, 4/4; 

5Y 6/4, 6/3, 5/3, 5/2 or 4/3. Moist values are the same or 1 to 2 units darker. Texture is clay, silty clay, 

silty clay loam or clay loam. Some pedons have loam textures in the lower part of the profile. Reaction is 

neutral to strongly alkaline. Lime is in concretions, soft masses and disseminated throughout the horizon. 

 

COMPETING SERIES: These are the Ayar, Bosquejo and Maxwell series. Ayar soils are well drained 

and have slopes of more than 9 percent. Bosquejo soils have redoximorphic features and no secondary 

carbonates below the lithologic discontinuity. Maxwell soils are 24 to 56 inches deep to carbonates and 

have a chroma of 1.5 in the A horizon. 

 

GEOGRAPHIC SETTING: Capay soils are on flood basins, alluvial fans, interfan basins at elevations 

below 1,200 feet. They formed in fine textured alluvium derived from sandstone and shale or other mixed 

rock sources. Slopes are 0 to 15 percent. The soils are in a dry climate of relatively hot dry summers and 

cool moist winters. Mean annual precipitation ranges from 9 to 28 inches. Mean January temperature is 

47 degrees F, mean July temperature is 72 degrees F, mean annual temperature ranges from 58 degrees to 

63 degrees F. Frost-free season is 185 to 300 days. 

 

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Clear Lake, Myers, San 

Ysidro, Yolo and Zamora soils. Clear Lake soils are on lower positions and have chroma of less than 1.5. 

Myers soils have dry value of more than 5.5. San Ysidro and Zamora soils have argillic horizons. Yolo 

soils have less than 35 percent clay in the series control section. 

 

DRAINAGE AND PERMEABILITY: Moderately well and somewhat poorly drained; negligible to 

high runoff, slow to very slow permeability. Also some pedons have a water table between depth of 4 and 

6 feet. Some areas are subject to rare, occasional or frequent flooding. 

 

USE AND VEGETATION: Used for growing irrigated crops such as tomatoes, sugar beets, beans or 

grain sorghum, dry farmed to small grains, and irrigated and dryland pasture. Native vegetation is a dense 

stand of annual grasses and forbs. 

 

DISTRIBUTION AND EXTENT: Western edge of the Sacramento Valley and intermountain valleys of 

the Coast Range of northern California. The soil is extensive in MLRA-17 and has been mapped in 

MLRA 15 in some places 

 

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Davis, California 

 

SERIES ESTABLISHED: Woodland Area, California, 1909. 

 

REMARKS: Redoximorphic features in the A horizon are associated with rice culture. 

 

Diagnostic horizons and features recognized in this pedon are: 

 

Ochric epipedon - the zone from the surface to a depth of 21 inches (Ap, Bssk1). 

 

Cracking - it is assumed from the cracking statement in the RIC that the soil does not meet Aridic 

subgroup criteria. 

https://soilseries.sc.egov.usda.gov/OSD_Docs/A/AYAR.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/B/BOSQUEJO.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MAXWELL.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CLEAR_LAKE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MYERS.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SAN_YSIDRO.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SAN_YSIDRO.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/Y/YOLO.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/Z/ZAMORA.html


 

Series reclassified May 1996. 

 

Runoff terminology adjusted 5/96 to the adjective criteria of the Soil Survey Manual, 10/93. 

 

The previous horizonation Ap, Ak, Bssk1, Bssk2, Bssk3, Bk is updated. The suffix k indicated an 

accumulation of carbonates making the Ak a B horizon. The RIC stated that "The lower part of the A 

horizon has intersecting slickensides" but the Type Location does not have them. Thus Ak is changed to 

Bk and the last horizon is changed to B'k. (KP) 6/2003 

 

Edits made after SDJR projects and additional horizons and lab textures and pH were incorporated from 

lab pedon ID S1964CA095002. The additional horizons show a lithologic discontinuity at 157 cm that is 

likely due to sea level rise between 20 to 6 thousand years ago and the associated stream gradient 

change.-AEC 

 

ADDITIONAL DATA: NSSL pedons: S64CA-095-002 (40A-385); S64CA-113-013 (40A-3086); 

S91CA-099-003 (91P-344); S67CA-065-001; S64CA-113-013; S91CA-099-003 and -004 (partial 

pedons); S92CA-099-005 (county type location). 

 

 
National Cooperative Soil Survey U.S.A. 

  



LOCATION CLEAR LAKE              CA Established Series 

Rev. GWH/CAF/JJJ/SBS/AEC 03/2018 

CLEAR LAKE SERIES 
The Clear Lake series consists of very deep, poorly drained soils that formed in fine textured alluvium 

derived from mixed rock sources. Clear Lake soils are in flood basins, flood plains and in swales of 

drainageways. Slopes are 0 to 5 percent. The mean annual precipitation is about 20 inches and the mean 

annual air temperature is about 60 degrees F. 

 

TAXONOMIC CLASS: Fine, smectitic, thermic Xeric Endoaquerts 

 

TYPICAL PEDON: Clear Lake clay, annual pasture. (Colors are for dry soil unless otherwise stated 

when described there was a water table at 48 inches). 

 

Ag--0 to 13 inches; dark gray (N 4/0) clay, very dark gray (N 3/0) moist, few fine faint redoximorphic 

concentrations; strong medium granular structure at the surface and strong very coarse prismatic structure 

below when dry, massive when wet; very hard, firm, very sticky and very plastic; many fine roots; 

common very fine and fine pores; grass seeds, grass and burned plant remains in cracks and along 

cleavage planes; neutral (pH 7.0); gradual wavy boundary. (4 to 15 inches thick) 

 

Bssg1--13 to 19 inches; dark gray (N 4/0) clay, very dark gray (N 3/0) moist; strong coarse prismatic 

structure when dry, massive when wet; extremely hard, very firm, very sticky and very plastic; many fine 

roots; many very fine and fine pores; many slickensides; grass remains in cracks and along cleavage 

planes; moderately alkaline (pH 8.0); clear wavy boundary. (5 to 10 inches thick) 

 

Bssg2--19 to 45 inches; dark gray (N 4/0) clay, very dark gray (N 3/0) moist; strong coarse prismatic 

structure; extremely hard, very firm, very sticky and very plastic; few roots; few very fine and fine pores; 

many slickensides; few fine iron-manganese concretions; smooth pressure faces on peds; slightly 

calcareous; moderately alkaline (pH 8.0); diffuse irregular boundary. (10 to 35 inches thick) 

 

Bssk--45 to 60 inches; grayish brown (2.5Y 5/2) clay, light olive brown (2.5Y 5/4) moist; tongues of very 

dark grayish brown (2.5Y 3/2) moist in the upper part; light yellowish brown (10YR 6/4) masses of iron 

accumulations; massive; very hard, very firm, very sticky and very plastic; few fine roots; very few very 

fine pores; few slickensides; few fine iron-manganese concretions; few soft lime masses; slightly 

calcareous; moderately alkaline (pH 8.0). 

 

TYPE LOCATION: Solano County, California; 300 feet south, 300 feet east of northwest corner of sec. 

25, T. 6 N., R. 2 E.; 38 degrees, 20 minutes, 35 seconds north latitude and 121 degrees, 42 minutes, 41.7 

seconds west longitude; NAD83 

 

RANGE IN CHARACTERISTICS: The combined thickness of the Ag, Bssg, and Bssk horizons is 

more than 60 inches. The mean annual soil temperature is 59 degrees to 65 degrees F. On drying, large 

cracks extend as deep as 48 inches and form large prisms. The cracks open and close at least once each 

year and are open by June or July and are closed by October or November. Various amounts of 

undecomposed plant material and surface soil are in these cracks. Common to many slickensides are in 

the zone from 12 to 48 inches. In some pedons moderate amounts of plant remains are in the lower part of 

the Ag horizon and the upper part of the Bssg horizon as well as in tongues of the Ag horizon extending 

in to the Bssg horizon. These soils have a calcium to magnesium ratio of more than 2. 

 

The Ag and Bssg horizons have 10YR, 2.5Y or 5Y hue or is of neutral hue; value ranges from 2 through 



5. Chromas are 1 or 0 moist and dry. Moist values are 1 or 2 units darker. In some pedons, colors are 

mottled with hues of 7.5YR or 10YR, values of 3 to 5 and chromas of 2 to 6. In other pedons concretions 

of Fe and Mn are present. These horizons range from moderately acid to moderately alkaline (pH 5.6 to 

8.4) in the upper part and from slightly alkaline to moderately alkaline and calcareous in the lower part. 

The more acid surfaces are probably the result of cultural practices, especially extensive use of fertilizers 

and other agricultural chemicals. In areas adjacent to streams or sloughs, there is an overwash of stratified 

fine sandy loam or silty clay loam. Texture is clay loam, silty clay or clay. 

 

The Bssk horizon has 10YR, 2.5Y or 5Y hue or is neutral; value ranges from 3 through 6 and chroma 

from 1 through 6; colors are mottled with hues of 10YR, 7.5YR, 2.5Y and 5Y. This horizon ranges from 

slightly alkaline to strongly alkaline and is usually calcareous with segregations of accumulated lime in 

soft masses or seams. In some pedons the lower part is stratified and noncalcareous. Texture is silty clay 

or clay. 

 

COMPETING SERIES: These are the Carhart, Copus, Dodgeland, and Hildreth series. Carhart soils are 

20 to 40 inches to paralithic material. Hildreth soils overlie unrelated material and are somewhat poorly 

drained. Copus soils have neutral pH. Dodgeland soils have hue of 10YR and less than 40 percent clay in 

some horizons. 

 

GEOGRAPHIC SETTING: Clear Lake soils are in flood basins, flood plains and in swales of 

drainageways. Slopes are 0 to 5 percent. Elevations are 5 to 2,000 feet. The soils formed in fine textured 

alluvium derived from igneous, metamorphic and sedimentary rocks. The soils are in a dry subhumid 

climate of relatively hot dry summers and cool moist winters. Mean annual precipitation ranges from 10 

to 35 inches. Mean January temperature varies from 42 degrees to 47 degrees F., mean July temperature 

varies from 69 degrees to 72 degrees F., and mean annual temperature varies from 58 degrees to 62 

degrees F. The frost-free season is 160 to 300 days. Cooler temperatures and a shorter frost-free season 

occurs in Lake County. 

 

GEOGRAPHICALLY ASSOCIATED SOILS: These are 

the Cropley, Antioch, Capay, Pacheco, Salinas and San Ysidro soils. Antioch soils have natric horizons. 

Capay soils have a chroma of 2 or more throughout. Cropley soils have chromas of 1.5 or more within 40 

inches. Pacheco and Salinas soils have a mollic epipedon and have less than 35 percent clay. San Ysidro 

soils have an ochric epipedon and lack cracks and slickensides. 

 

DRAINAGE AND PERMEABILITY: Poorly drained; negligible to high runoff (if assumed concave 

runoff is always negligible); slow to very slow permeability. A water table is at depths of 4 to 10 feet in 

the late summer and in some areas is very near the surface during wet months of winter. Some areas are 

artificially drained. 

 

USE AND VEGETATION: Used for growing many row crops such as tomatoes, beans and sugar beets, 

dry farmed to grain, or irrigated and dry farmed pasture. Also used for rangeland. Native vegetation is 

grasses and forbs. 

 

DISTRIBUTION AND EXTENT: In central California coastal valleys, small valleys of the Coast 

Range and in the San Joaquin and Sacramento Valleys. The soils are moderately extensive in MLRA- 14, 

15 and 17. 

 

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Davis, California 

 

SERIES ESTABLISHED: Lake County (Clear Lake Area), California, 1927. 

 

https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CARHART.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/C/COPUS.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/D/DODGELAND.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/H/HILDRETH.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CROPLEY.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/A/ANTIOCH.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CAPAY.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/P/PACHECO.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SALINAS.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SAN_YSIDRO.html


REMARKS: Hildreth soils are currently listed in the same family. As currently described, Hildreth soils 

would not classify as Vertisols. A part of the Hildreth soils may belong to another series or different 

subgroup. More study of the Hildreth soils is needed to accurately classify these soils. In future MLRA 

updates Clear Lake mapped in MLRA 17 should be separated from acreage mapped in MLRA 14 (Coast 

Range Valleys). Differentia in this family is weak and has overlapping colors, plus marginal separations 

based on reaction classes, salinity and other factors. 

 

Diagnostic horizons and features recognized in this pedon are: 

Mollic epipedon - 0 to 45 inches 

Slickensides - 19 to 60 inches 

Reduced matrix - 0 to 45 inches 

Redox concentrations - 0 to 13 inches and 19 to 60 inches 

Secondary carbonates - 45 to 60 inches 

Aquic conditions - 0 to 60 inches 

 

Series classification updated May 1996. Competing series not reviewed at that time. 

 

ADDITIONAL DATA: Two pedons in Sonoma County, CA: S61CA-097-009 (40A-3087), at 38 

degrees north latitude, 14 minutes, 54 seconds, 122 degrees West longitude, 36 minutes, 31 seconds; and 

S61CA-097-010 (40A-3088), at 38 degrees North latitude, 16 minutes, 14 seconds, 122 West longitude, 

38 minutes, 38 seconds. Two pedons in Solano County: NSSL pedon S79CA-095-000-000 (type location) 

and S91CA-099-005 (partial pedon). One pedon in Colusa County: S89CA-011-005. 

 

Runoff terminology adjusted 5/96 to the adjective criteria of the Soil Survey Manual, 10/93. 

Edits made for SDJR projects 12/2014 - AEC 

 

 
National Cooperative Soil Survey U.S.A. 

LOCATION COLUMBIA           CA Established Series 

Rev. DJL/CAF/MAV/SBS/DWB 05/2006 

COLUMBIA SERIES 
The Columbia series consists of very deep, moderately well drained soils formed in alluvium from mixed 

sources. These soils are on flood plains and natural levees and have slopes of 0 to 8 percent. The mean 

annual precipitation is 12 to 25 inches, (305 to 635 mm) and the mean annual temperature is about 61 

degrees F, (16 degrees C). 

TAXONOMIC CLASS: Coarse-loamy, mixed, superactive, nonacid, thermic Oxyaquic Xerofluvents 

TYPICAL PEDON: Columbia fine sandy loam, on a nearly level plowed field. (Colors are for dry soil 

unless otherwise stated.) 

Ap--0 to 11 inches, (0 to 28 cm); pale brown (10YR 6/3) fine sandy loam, brown (10YR 4/3) moist; 

slightly hard, very friable, nonsticky and nonplastic; common very fine roots; few very fine tubular and 

many very fine interstitial pores; slightly acid (pH 6.4); clear smooth boundary. (7 to 12 inches, (18 to 31 

cm) thick) 

A--11 to 16 inches, (28 to 41 cm); pale brown (10YR 6/3) fine sandy loam, brown (10YR 4/3) moist; 

weak medium subangular blocky structure; slightly hard, very friable, nonsticky and nonplastic; many 



very fine roots; common very fine tubular pores, slightly acid (pH 6.4); clear wavy boundary. (4 to 8 

inches, (10 to 20 cm) thick) 

C1--16 to 23 inches, (41 to 58 cm): pale brown (10YR 6/3) fine sandy loam, brown (10YR 4/3) moist; 

massive; soft, very friable, nonsticky and nonplastic; common very fine roots; many very fine interstitial 

pores; common fine prominent yellowish brown (10YR 5/6) masses of iron accumulations, strong brown 

(7.5YR 5/6) moist; slightly acid (pH 6.5); clear wavy boundary. (4 to 8 inches, (10 to 20 cm) thick) 

C2--23 to 26 inches, (58 to 66 cm); pale brown (10YR 6/3) sand, dark brown (10YR 3/3) moist; single 

grained; loose, nonsticky and nonplastic; many very fine roots; many very fine interstitial pores; slightly 

acid (pH 6.5); clear smooth boundary. (0 to 5 inches, (0 to 13 cm) thick) 

C3--26 to 31 inches, (66 to 79 cm); very pale brown (10YR 7/3) and reddish yellow (7.5YR 6/6) fine 

sandy loam; massive; slightly hard, very friable, nonsticky and nonplastic; common very fine roots; many 

very fine tubular pores; common fine prominent yellowish brown (10YR 5/4) and strong brown (7.5YR 

5/6) masses of iron accumulations moist; neutral (pH 7.0); clear smooth boundary. (2 to 8 inches, (5 to 20 

cm) thick) 

C4--31 to 34 inches, (79 to 86 cm); very pale brown (10YR 7/3) silt loam, brown (10YR 5/3) moist; 

moderate medium prismatic structure; hard, friable, slightly sticky and slightly plastic; very few very fine 

roots; many very fine and fine tubular pores; many medium distinct reddish yellow (7.5YR 6/6), strong 

brown (7.5YR 5/6) masses of iron accumulations moist; slightly alkaline (pH 7.5); clear smooth 

boundary. (0 to 5 inches, (0 to 13 cm) thick) 

C5--34 to 38 inches, (86 to 97 cm); very pale brown (10YR 7/3) fine sandy loam, brown (10YR 5/3) 

moist; massive; slightly hard, very friable, nonsticky and nonplastic; very few very fine roots; many fine 

tubular and common very fine interstitial pores; many medium distinct reddish yellow (7.5YR 6/6), 

strong brown (7.5YR 5/6) masses of iron accumulation; slightly alkaline (pH 7.7); clear smooth 

boundary. (2 to 10 inches, (5 to 25 cm) thick) 

C6--38 to 41 inches, (97 to 104 cm); pale brown (10YR 6/3) sand, dark brown (10YR 3/3) moist; single 

grained; loose, nonsticky and nonplastic; common very fine roots; common very fine tubular and many 

very fine interstitial pores; neutral (pH 7.0); abrupt smooth boundary. (1 to 5 inches, (2.5 to 13 cm) thick) 

C7--41 to 55 inches, (104 to 140 cm); pale brown (10YR 6/3) loam, brown (10YR 5/3) moist; massive; 

slightly hard, very friable, slightly sticky and nonplastic; few very fine roots; many very fine, medium and 

coarse tubular pores; many medium distinct reddish yellow (7.5YR 6/6) and strong brown (7.5YR 5/6) 

masses of iron accumulation moist; moderately alkaline (pH 8.0); clear smooth boundary. (0 to 15 inches, 

(0 to 38 cm) thick) 

Ab--55 to 59 inches, (140 to 150 cm); gray (10YR 6/1) silty clay loam, dark gray (10YR 4/1) moist; 

massive; hard, friable, sticky and slightly plastic; very few very fine roots; many very fine, fine and 

medium tubular pores; common fine distinct strong brown (7.5YR 5/6), dark brown (7.5YR 3/2) masses 

of iron accumulation moist; moderately alkaline (pH 8.0). 

TYPE LOCATION: Solano County, California; 400 feet south of the south end of the bridge at the north 

end of Ryer Island. Not sectionalized, T.5 N., R.3 E. 

RANGE IN CHARACTERISTICS: The mean annual soil temperature is 60 to 65 degrees F, (16 to 18 

degrees C). The soil between depths of 8 and 25 inches, (20 to 64 cm) is moist in some or all parts from 



late October to late May or June and is dry in all parts the remainder of the year, unless irrigated. The 10 

to 40 inches, (25 to 102 cm) particle-size control section is stratified fine sandy loam, very fine sandy 

loam, silt loam, loam, loamy sand, loamy fine sand, fine sand or sand and averages 10 to 18 percent clay, 

when mixed, and has greater than 15 percent fine sand or coarser. Up to 35 percent gravel may occur 

below a depth of 40 inches, (102 cm). Redoximorphic features occur between 10 and 48 inches, (25 to 

122 cm). Content of organic matter decreases irregularly with depth. 

The A horizon is 10YR 7/2, 6/4, 6/3, 6/2, 5/4, 5/3 or 5/2 and moist color of 10YR 5/4, 4/4, 4/3 or 4/2. 

Texture is sandy loam, sand, loamy sand, loamy fine sand, fine sandy loam, loam or silt loam and 

commonly is stratified. Reaction is slightly acid to slightly alkaline. 

The C horizon is 10YR 8/4, 8/1, 7/4, 7/3, 7/2, 7/1, 6/4, 6/3, 6/2 6/1, 5/4 or 5/3 and moist color of 10YR 

7/4, 7/3, 7/2, 6/2, 6/4, 5/4, 5/3, 5/2, 4/4, 4/3, 4/2, 4/1, 3/3, or 3/4. Redoximorphic features have hues of 

10YR, 7.5YR, 5YR or 2.5YR with chroma of 3, 4 or 6. Texture is stratified sand to silty clay loam. Finer 

textures occur below 40 inches, (102 cm). Reaction is slightly acid to slightly alkaline but may be 

moderately alkaline in horizons underlain by an Ab horizon. 

The Ab horizon is 10YR 6/1, 5/1, 4/1, 4/2, 3/1 or 2/1; 2.5Y 6/2. Moist colors are 10YR 5/1, 4/1, 3/1, 2/1; 

N 2/0; 2.5Y 3/2. Texture is mucky clay loam, clay loam, silty clay loam, silty clay or clay. Depth to a 

buried horizon ranges from 40 to 60 inches, (102 to 152 cm). Some pedons lack a buried horizon and 

some pedons are calcareous at 40 inches, (102 cm) or more. Reaction is neutral to moderately alkaline. 

COMPETING SERIES: There are no other series in this family. 

GEOGRAPHIC SETTING: Columbia soils are on flood plains with bar and channel topography in 

some natural areas or are on natural levees. These soils formed in alluvium from mixed sources. 

Elevations are 10 feet below sea level to 155 feet above sea level (47 m). The climate is subhumid with 

hot dry summers and cool moist winters. Mean annual precipitation is 12 to 25 inches, (304 to 635 mm). 

Mean January temperature is 45 degrees F, (7 degrees C), mean July temperature is 80 degrees F, (27 

degrees C). Mean annual temperature varies from 58 to 63 degrees F, (14 to 17 degrees C). Frost-free 

period is 230 to 340 days. 

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Arvin, Clear 

Lake, Sacramento, Shanghai and Sycamore soils. Arvin soils are not saturated with water within 60 

inches, (152 cm) of the surface and are in similar or slightly higher flood plain positions. Clear Lake and 

Sacramento soils have clay textures and are in basins. Sycamore soils have less than 15 percent fine or 

coarser sand and are in similar flood plain positions. 

DRAINAGE AND PERMEABILITY: Moderately well drained; negligible to medium runoff; 

moderately rapid permeability. Clay substratum phase has slow permeability below a depth of 40 inches, 

(102 cm). Sandy substratum phase has rapid permeability below a depth of 40 inches, (102 cm). Except 

where drained, these soils are saturated at 20 to 48 inches, (51 to 122 cm) for several months in the period 

from November to April. In areas not protected by levees or other flood control structures these soils are 

subject to occasional to frequent, brief to long periods of flooding in November to May. Rare flooding 

occurs in partly protected areas. 

USE AND VEGETATION: These soils are used for irrigated hay, small grain, and orchard and row 

crops. Vegetation consists of a fairly dense cover of oaks, cottonwoods, willows, vines, shrubs and 

grasses near stream channels, but more open away from the channels. 

https://soilseries.sc.egov.usda.gov/OSD_Docs/A/ARVIN.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CLEAR_LAKE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CLEAR_LAKE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SACRAMENTO.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SHANGHAI.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SYCAMORE.html


DISTRIBUTION AND EXTENT: These soils occur in the central valley of California. The soils are 

moderately extensive in MLRA-16, 17. 

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Davis, California 

SERIES ESTABLISHED: Reconnaissance Survey of Southwest Washington 1911. 

REMARKS: The series was redefined in the Chico area of Butte County, California in 1925. The type 

location was moved to Madera County, Californiain 1959. The type location was then moved to Solano 

County, California 1970. 

Diagnostic horizons and features recognized in this pedon are: 

Ochric epipedon - the zone from the surface to a depth of 16 inches, (41 cm) (Ap, A) 

Oxyaquic subgroup - the zone from 20 to 48 inches, (51 to 122 cm) is saturated for several months. 

CEC/Clay ratio estimated from similar soils with laboratory data in the W. Stanislaus Soil Survey Area 

and University Laboratory data. 

Edit log: Runoff terminology adjusted 4/96 to adjective criteria of the Soil Survey Manual (10/93). 

5/2003 Proposed edits for use in Butte County; Range in Characteristics: expand allowed gravel from 5 to 

35 percent below a depth of 40 inches. A horizon: add textures sand, loamy sand, loamy fine sand, and 

add: commonly is stratified. C horizon: add colors moist 10YR 6/2 and 3/4. Geographic setting: expand 

elevation from 150 to 155 feet. In remarks added history of type location moves. 

ADDITIONAL DATA: NO: 50-CAL-20-39-1-1 to 3 University of California, Madera County, Tehama 

County, and UC Berkley, 58-52-48. 

 
National Cooperative Soil Survey U.S.A. 

LOCATION GRIDLEY                 CA 

Established Series Rev. DJL/WBS/TDC 01/2023 

GRIDLEY SERIES 
The Gridley series consists of moderately deep, moderately well drained soils formed in alluvium from 

mixed sources. These soils are on low terraces and basin rims and have slopes of 0 to 1 percent. The 

annual temperature is 62 degrees F., and the annual precipitation is 18 inches. 

 

TAXONOMIC CLASS: Fine, smectitic, thermic Typic Argixerolls 

 

TYPICAL PEDON: Gridley clay loam - on a nearly level slope of less than 1 percent in an irrigated 

prune orchard at 67 feet elevation. (Colors are for dry soil unless otherwise stated. When described on 

April 5, 1979, the soil was moist throughout.) 

 

Ap--0 to 9 inches; brown (10YR 5/3) clay loam, very dark grayish brown (10YR 3/2) moist; moderate 

fine and medium angular blocky structure; very hard, friable, sticky and plastic; common very fine and 

fine roots; common very fine and fine tubular pores; neutral (pH 7.0); clear smooth boundary. (4 to 10 



inches thick) 

 

A--9 to 19 inches; brown (10YR 5/3) clay loam, dark brown (10YR 3/3) moist; moderate medium angular 

blocky structure; very hard, friable, sticky and plastic; few very fine roots; common very fine tubular 

pores; slightly alkaline (pH 7.5); gradual wavy boundary. (5 to 12 inches thick) 

 

Bt1--19 to 28 inches; brown (10YR 5/3) clay, dark yellowish brown (10YR 3/4) moist; moderate coarse 

subangular blocky structure; extremely hard, firm, very sticky and very plastic; few very fine roots, 

common very fine and fine tubular pores; few thin clay films on peds and in pores; slightly alkaline (pH 

7.5) gradual wavy boundary. (5 to 9 inches thick) 

 

Bt2--28 to 37 inches; yellowish brown (10YR 5/4) clay, dark yellowish brown (10YR 3/4) moist; 

moderate coarse subangular blocky structure; extremely hard, firm, very sticky and very plastic; few very 

fine roots; common very fine and fine tubular pores; common pressure faces on peds; slightly alkaline 

(pH 7.5); clear wavy boundary. (6 to 10 inches thick) 

 

2Cr--37 to 62 inches; very pale brown (10YR 7/4) siltstone, yellowish brown (10YR 5/4) moist; common 

fine strong brown (7.5YR 4/6) mottles lining pores; common moderately thick clay films on fracture 

faces; slightly alkaline (pH 7.5). 

 

TYPE LOCATION: Sutter County, California; approximately 1.9 miles north of the city limits of Yuba 

City on Frontage Road, then 200 feet east into prune orchard; 950 feet south and 150 feet east of the 

northeast corner section 3, T. 15 N., R. 3 E. 

 

RANGE IN CHARACTERISTICS: Depth to paralithic contact ranges from 20 to 40 inches. The mean 

annual soil temperature is 59 degrees to 65 degrees F. The soil temperature is above 47 degrees F. the 

entire year. The difference between average July and average January soil temperature is 30 degrees to 33 

degrees F. The soil between depths of 6 and 17 inches is dry in all parts from June through October unless 

irrigated, and is moist in some or all parts from November thru May unless irrigated. Reaction is neutral 

to moderately alkaline. 

 

The A horizon has dry color of 10YR 5/3, 5/2 or 7.5YR 5/2 and moist color of 10YR 3/2, 3/3 or 7.5YR 

3/2. 

 

The Bt horizon has dry color of 10YR 6/3, 5/3, 6/4, 5/4 or 7.5YR 6/4 and moist color of 10YR 3/2, 3/3, 

3/4, 4/3, 4/4, 5/4; 7.5YR 3/2, 3/3, 4/4 or 4/6. It is clay loam, clay, or silty clay with 35 to 55 percent clay, 

and a 5 to 10 percent (absolute) increase over the A horizon. 

 

Some pedons have a calcareous C horizon above the 2Cr horizon. 

 

COMPETING SERIES: These are the Fagan, Gabino, Los 

Osos, Marcum, Sespe, Sween and Todos series. Fagan soils are medium or slightly acid and are 40 to 60 

inches deep. Gabino soils have 10 to 30 percent rock fragments in the solum, and 5YR hue in the argillic 

horizon. Marcum soils are 40 to 60 inches deep to a paralithic contact. Los Osos soils are well drained 

and have a difference between mean summer and mean winter soil temperatures at about 14 degrees F., 

medium acid to neutral, and have slopes of 5 to 75 percent. Todos soils have Bt horizon hues of 5YR or 

2.5YR. Sespe soils have hue of 5YR or 2.5YR in the Bt horizon, and have a difference between mean 

summer and mean winter soil temperature of 10 degrees to 17 degrees F. Sween soils have a lithic contact 

at depths of 24 to 40 inches and have a difference between mean summer and mean winter soil 

temperature of 19 degrees F. 

 

https://soilseries.sc.egov.usda.gov/OSD_Docs/F/FAGAN.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/G/GABINO.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/L/LOS_OSOS.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/L/LOS_OSOS.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MARCUM.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SESPE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SWEEN.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/T/TODOS.html


GEOGRAPHIC SETTING: Gridley soils are on low terraces and basin rims. Slopes are 0 to 1 percent. 

The soils formed in alluvium from mixed sources deposited over unrelated siltstone. Siltstone is fractured 

and mottled and is hard in the upper part, but becomes softer with depth and may be 2 feet to many feet 

thick. Elevations are 20 to 80 feet. The climate is subhumid with hot dry summers and cool moist winters. 

Mean annual precipitation is 16 to 20 inches. Mean January temperature is 45 degrees F.; mean July 

temperature is 77 degrees F.; and mean annual temperature is 60 degrees to 64 degrees F. Frost-free 

season is about 260 to 20 days. 

 

GEOGRAPHICALLY ASSOCIATED SOILS: This is the competing Marcum (T) soil and 

the Conejo, Oswald (T), Tisdale (T), and Subaco (T) soils. Conejo and Tisdale soils are on alluvial fans 

and terraces, are fine-loamy, and lack argillic horizons. Oswald and Subaco soils are on basin rims and in 

basins and have clay textures throughout. 

 

DRAINAGE AND PERMEABILITY: Moderately well drained; slow runoff; slow permeability. 

 

USE AND VEGETATION: This soil is used for irrigated orchards, grain, forage and row crops. 

 

DISTRIBUTION AND EXTENT: Eastern and southeastern part of the Sacramento Valley. Soils are 

moderately extensive in MLRA 17. 

 

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Davis, California 

 

SERIES ESTABLISHED: Sutter County, California 1909. Series name is from the town of Gridley. 

 

REMARKS: This series is being reactivated. 

 

OSED scanned by SSQA. Last revised by state on 11/83. 

 

 
National Cooperative Soil Survey U.S.A. 

LOCATION OSWALD             CA Established Series Rev. ENV/DJL/DJE 02/97 

OSWALD SERIES 
The Oswald series consists of moderately deep, poorly drained soils that formed in alluvium from mixed 

sources. Oswald soils are in basins and on basin rims and have slopes of 0 to 2 percent. The annual 

precipitation is about 18 inches and the annual temperature is about 62 degrees F . 

TAXONOMIC CLASS: Fine, smectitic, thermic Aquic Haploxererts 

TYPICAL PEDON: Oswald clay - on a nearly level slope of less than one percent slope under irrigated 

rice at 38 feet elevation. (When described April 3, 1979, the soil was moist throughout. Colors are for dry 

soil unless otherwise stated.) 

Ap--0 to 7 inches; grayish brown (10YR 5/2) clay, very dark grayish brown (10YR 3/2) moist, with few 

distinct mottles yellowish brown and brownish yellow (10YR 5/6, 6/6) and dark yellowish brown and 

yellowish brown (10YR 4/6, 5/6) moist; moderate medium granular structure; very hard, firm, very sticky 

and plastic, common very fine and fine roots; few very fine tubular pores and common very fine and fine 

interstitial pores; neutral (pH 7.0); gradual wavy boundary. (5 to 8 inches thick) 

https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MARCUM.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CONEJO.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/O/OSWALD.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/T/TISDALE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SUBACO.html


A--7 to 15 inches; grayish brown (10YR 5/2) clay, very dark grayish brown (10YR 3/2) moist, with 

common fine distinct mottles yellowish brown and brownish yellow (10YR 5/6, 6/6) and dark yellowish 

brown and yellowish brown (10YR 4/6, 5/6) moist; moderate medium prismatic structure parting to 

strong medium angular blocky; very hard, firm, very sticky and very plastics few very fine roots; few 

very fine tubular pores; few fine rounded manganese concretions; many wedge shaped intersecting 

slickensides at about 20 to 45 degree angles; moderately, alkaline (pH 8.0); gradual wavy boundary. (7 to 

14 inches thick) 

C--15 to 33 inches; brown (10YR 5/3) clay, dark brown (10YR 3/3) moist, with few fine distinct mottles 

yellowish brown (10YR 5/6) and dark yellowish brown (10YR 4/6) moist; moderate medium prismatic 

structure parting to strong medium angular blocky; the lower 4 inches appeared more platy in structure 

but was not continuous; very hard, firm, very sticky and very plastic; few very fine roots; few very fine 

tubular pores; few fine rounded manganese concretions; many wedge shaped intersecting slickensides at 

about 20 to 45 degree angles; slightly effervescent in the lower 4 inches, lime segregated in few soft 

masses and disseminated; moderately alkaline (pH 8.0); abrupt wavy boundary. (8 to 18 inches thick) 

2Cr--33 to 43 inches, light gray (10YR 7/2) siltstone, pale brown (10YR 6/3) moist, with many fine 

distinct mottles yellowish brown and brownish yellow (10YR 5/4, 5/6, 6/6, 5/8) and dark yellowish 

brown and yellowish brown (10YR 4/4, 4/6, 5/6) moist, also few fine manganese stains, black (10YR 

2/1); massive; very hard, very firm, common very fine and fine tubular and interstitial pores, few thin clay 

films on fracture faces, strongly effervescent lime segregated in common fine seams; moderately alkaline 

(pH 8.0). 

TYPE LOCATION: Sutter County, California; approximately 2 miles south of the Yuba City limits on 

Highway 99, then 4.5 miles west on Oswald Road, then 1,700 feet north of the intersection of Boulton 

Road and Oswald Road, then 60 feet east into field; 2,510 feet west and 1,700 feet north of the southeast 

corner of section 11, T. 14 N., R. 2 E. 

RANGE IN CHARACTERISTICS: Depth to paralithic contact ranges from 20 to 40 inches. The mean 

annual soil temperature is 60 to 65 degrees F. The difference between the average July and average 

January soil temperature is 30 to 33 degrees F. Clay content ranges from 35 to 60 percent. Reaction is 

neutral to moderately alkaline. Common to many intersecting slickensides are at depths of 5 to 40 inches. 

The A horizon has dry colors of 10YR 5/2 or 5/3 and moist colors of 10YR 3/2 or 3/3 with few or 

common mottles of 10YR 5/6, 6/6 or 4/6 moist and dry. It is heavy clay loam, clay or silty clay. 

The C horizon has dry colors of 5/3 or 6/3 and moist colors of 4/35 3/3 or 4/2 with few distinct mottles. It 

is clay or silty clay. 

Some pedons have a Cca horizon and a laminar lime capping above the 2Cr horizon. 

COMPETING SERIES: These are the Triangle (T) series and 

the Alo, Altamont, Auld, Ayar, Capay, Centerville, Cibo, Galt (T), Porterville, and Seville soils in other 

families. Triangle soils are greater than 40 inches deep. The rest lack mottles within 20 inches of the soil 

surface. 

GEOGRAPHIC SETTING: Oswald soils are in basins and on basin rims with slopes of less than 2 

percent. They formed in alluvium from mixed sources deposited over unrelated siltstone. Elevations are 

20 to 80 feet. Climate is subhumid with hot dry summers and cool moist winters. Mean annual 

precipitation is 16 to 20 inches. Average January temperature is 45 degrees F. and average July 

https://soilseries.sc.egov.usda.gov/OSD_Docs/T/TRIANGLE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/A/ALO.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/A/ALTAMONT.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/A/AULD.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/A/AYAR.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CAPAY.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CENTERVILLE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CIBO.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/G/GALT.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/P/PORTERVILLE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SEVILLE.html


temperature is 77 degrees F. The mean annual temperature is about 62 degrees F. The frost-free season is 

about 270 days. 

GEOGRAPHICALLY ASSOCIATED SOILS: These are the competing Capay soils and 

the Gridley (T) and Subaco (T) soils. Gridley (T) soils have argillic horizons and are on terraces. Subaco 

soils are in basins and on basin rims and have dominant chromas moist of less than 1.5. 

DRAINAGE AND PERMEABILITY: Poorly drained; very slow runoff; slow permeability. Some areas 

of this soil are subject to periods of flooding in December through April. A perched water table is at a 

depth of 18 to 36 inches from December through April. 

USE AND VEGETATION: This soil is used for irrigated rice, small grains and row crops. 

DISTRIBUTION AND EXTENT: Southeastern part of the Sacramento Valley. Soils are not extensive. 

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Davis, California 

SERIES PROPOSED: Sutter County, California 1979. Series name is from Oswald Road. 

OSED scanned by SSQA. Last revised by state on 11/83. 

 
National Cooperative Soil Survey U.S.A. 

LOCATION SHANGHAI           CA Established Series Rev. ENV/DJL/TDC/CEJ/ET 

03/2003 

SHANGHAI SERIES 
The Shanghai series consists of very deep, somewhat poorly drained soils that formed in alluvium from 

mixed sources. Shanghai soils are on flood plains and have slopes of 0 to 2 percent. The annual 

temperature is about 62 degrees F. and the annual precipitation is about 18 inches. 

TAXONOMIC CLASS: Fine-silty, mixed, superactive, nonacid, thermic Aquic Xerofluvents 

TYPICAL PEDON: Shanghai silt loam - on a nearly level slope of less than l percent in an irrigated 

prune orchard at 30 feet elevation. (Colors are for dry soil unless otherwise stated. When described on 

April 9, 1979, the soil was moist throughout.) 

Ap--0 to 11 inches; very pale brown (10YR 7/4) silt loam, brown (10YR 4/3) moist; common medium 

distinct yellowish brown (10YR 5/6) mottles, yellowish brown (10YR 5/8) moist; moderate very fine 

subangular blocky structure; slightly hard, friable, slightly sticky and plastic; common very fine roots; 

common very fine tubular pores; neutral (pH 7.0); clear smooth boundary. (7 to 14 inches thick) 

A--11 to 21 inches; very pale brown (10YR 7/3) silt loam, brown (10YR 4/3) moist;common large 

distinct strong brown (7.5YR 5/6) mottles, dark yellowish brown (10YR 4/6) moist; massive; slightly 

hard, friable, slightly sticky and plastic; common very fine roots; common very fine tubular pores; neutral 

(pH 7.0); gradual wavy boundary. (3 to 10 inches thick) 

https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CAPAY.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/G/GRIDLEY.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SUBACO.html


C1--21 to 27 inches; pale brown (10YR 6/3) silt loam, yellowish brown (10YR 5/4) moist; many medium 

prominent yellowish brown (10YR 5/8) and many large prominent strong brown (7.5YR 4/6) mottles, 

dark yellowish brown (10YR 3/6) and dark reddish brown (2.5YR 3/4) moist; massive; slightly hard, 

friable, slightly sticky and slightly plastic; common very fine and few fine roots; common very fine 

tubular pores; neutral (pH 7.0); gradual wavy boundary. (6 to 18 inches thick) 

C2--27 to 36 inches; pale brown (10YR 6/3) silt loam, dark yellowish brown (10YR 4/4) moist; many 

medium prominent yellowish brown (10YR 5/8) and many large prominent strong brown (7.5YR 4/6) 

mottles, dark yellowish brown (10YR 3/6) and dark reddish brown (2.5YR 3/4) moist; massive; slightly 

hard, friable, slightly sticky and slightly plastic; common very fine roots; very fine tubular pores; neutral 

(pH 7.0); gradual wavy boundary. (9 to 16 inches thick) 

C3--36 to 54 inches; very pale brown (10YR 7/3) silt loam, dark yellowish brown (10YR 4/4) moist; 

common medium distinct strong brown (7.5YR 5/8) mottles, dark brown (7.5YR 4/4) moist; massive; 

slightly hard, friable, slightly sticky and slightly plastic; few very fine roots; common very fine tubular 

pores; neutral (pH 7.0); gradual wavy boundary. (8 to 18 inches thick) 

C4--54 to 62 inches; pale brown (10YR 6/3) silt loam, dark brown (10YR 3/3) moist; many medium 

distinct yellowish red (5YR 5/8) mottles; massive; soft, friable, slightly sticky and slightly plastic; few 

very fine roots; common very fine pores; neutral (pH 7.0). 

TYPE LOCATION: Sutter County, California; approximately 1.2 miles north of Yuba City on Live Oak 

Highway, then east on Rednall Road to levee; 2,000 feet north and 900 feet east of the intersection of 

Rednall Road and the western levee of the Feather River, approximately 800 feet from river, in the New 

Helvetia land grant T.15 N., R.3 E. Yuba City Quadrangle. 

RANGE IN CHARACTERISTICS: The mean annual soil temperature is 60 degrees to 65 degrees F. 

The soil temperature is above 47 degrees F. the entire year. The soil between depths of 6 and 18 inches is 

dry in all parts from June through October and is moist in some or all parts from November through May 

unless irrigated. The difference between average July and average January soil temperature is 30 degrees 

to 33 degrees F. 

The 10 to 40 inches control section is stratified layers of silt loam to fine sandy loam and silty clay loam, 

but is dominantly silt loam with less than 15 percent coarser than very fine sand. Clay content ranges 

from 20 to 35 percent. Content of organic matter decreases irregularly with depth. Reaction is slightly 

acid to moderately alkaline. 

The A horizon has dry color of 10YR 7/4, 7/3, 6/4, 6/3, 5/4; 2.5Y 6/2 or 7/2 and moist color of 10YR 4/4, 

4/3; 2.5Y 4/2, 3/2 or 3/3 with mottled colors dry and moist of 10YR 4/6, 5/6, 5/8; 7.5YR 5/6, 7/6 and 

5YR 6/8. It is silty clay loam, silt loam or fine sandy loam. 

The C horizon has dry colors of 10YR 8/4, 7/4, 6/4, 8/3, 7/3, 6/3; 2.5Y 6/2 or 7/2 and moist color of 

10YR 6/6, 6/4, 6/3, 5/6, 5/3, 3/3, 5/4, 4/4; 2.5Y 5/2, 4/2, or 5Y 6/3 with prominent or distinct mottles. 

Some pedons have a clay layer at 40 to 60 inches. 

COMPETING SERIES: There are no other series in this family. 

GEOGRAPHIC SETTING: Shanghai soils are on flood plains with slopes of 0 to 2 percent. They 

formed in alluvium from mixed sources. Elevations are 20 to 150 feet. The climate has hot dry summers 

and cool moist winters. Mean annual precipitation is 14 to 22 inches. Average January temperature is 



about 45 degrees F., the average July temperature is about 77 degrees F., and the mean annual 

temperature is 60 degrees to 64 degrees F. The frost-free season is about 260 to 290 days. 

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Columbia and Holillipah soils. Columbia 

soils are on similar flood plain positions. Holillipah soils are on similar but slightly higher flood plain 

positions in areas adjacent to rivers. 

DRAINAGE AND PERMEABILITY: Somewhat poorly drained; runoff is very slow; permeability is 

moderate, but may be slow below 40 inches. Unless protected, these soils are subject to flooding. Unless 

drained, in low lying areas and areas adjacent to levees, a water table is present at a depth of 30 to 60 

inches in December through April and below a depth of 48 inches in May to November. In other areas, 

the water table is at 36 to 60 inches in December through April. 

USE AND VEGETATION: This soil is used for irrigated orchards, small grains and row crops. 

DISTRIBUTION AND EXTENT: Southeastern part of Sacramento Valley. Soils are moderately 

extensive. 

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Davis, California 

SERIES ESTABLISHED: Sutter County, California 1984. 

REMARKS: The activity class was added to the classification in February of 2003. Competing series 

were not checked at that time. - ET 

Last revised by the state on 2/91. 

 
National Cooperative Soil Survey U.S.A. 

LOCATION SUBACO             CA Established Series MLW/DJL/DJE/JJJ/SBS 2/97 

SUBACO SERIES 
The Subaco series consists of moderately deep, somewhat poorly drained soils that formed in alluvium 

from mixed sources. Subaco soils are on basin rims and in basins and have slopes of 0 to 2 percent. The 

annual precipitation is about 18 inches and the annual temperature is about 62 degrees F. 

TAXONOMIC CLASS: Fine, smectitic, thermic Xeric Epiaquerts 

TYPICAL PEDON: Subaco clay - on a nearly level slope of less than 1 percent under irrigated rice at 29 

feet elevation. (Colors are for dry soil unless otherwise stated. When described April 1979, the soil was 

moist throughout.) 

Ap--0 to 13 inches; dark gray (10YR 4/1) clay, very dark gray (10YR 3/1) moist; weak fine and medium 

subangular blocky structure; very hard, firm, sticky and plastic; common fine and many very fine roots; 

common very fine and fine tubular pores; moderately alkaline (pH 8.0); clear wavy boundary. (12 to 18 

inches thick) 

https://soilseries.sc.egov.usda.gov/OSD_Docs/C/COLUMBIA.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/H/HOLILLIPAH.html


Bss--13 to 26 inches; gray (10YR 5/1) clay, very dark gray (10YR 3/1) moist; massive; very hard, firm, 

very sticky and very plastic; few very fine roots in cracks; common fine tubular pores; few fine distinct 

strong brown (7.5YR 4/6) masses of iron accumulation, dark brown (7.5YR 3/4) moist; common fine 

masses of manganese accumulation and strongly cemented manganese nodules; common slickensides; 

moderately alkaline (pH 8.0); abrupt smooth boundary. (8 to 22 inches thick) 

2Cr--26 inches; light gray (10YR 7/2) siltstone, brown (10YR 4/3) moist; massive; very hard, extremely 

firm, nonsticky and nonplastic; few very fine roots in cracks, many very fine tubular pores; slightly 

effervescent with lime in a few fine segregated seams and in a discontinuous cap 1-mm thick. 

TYPE LOCATION: Sutter County, California; approximately 9 miles north of Robbins on Reclamation 

Road, then 1.5 miles east on Tudor Road, then 0.4 mile north and 0.3 mile east, 1,800 feet east and 200 

feet south of the northwest corner of section 3, T.13 N., R.2 E. 

RANGE IN CHARACTERISTICS: Depth to paralithic contact ranges from 20 to 40 inches. The mean 

annual soil temperature is 60 degrees to 65 degrees F. The soil temperature is above 47 degrees F the 

entire year. The difference between average July and average January soil temperature is 30 degrees to 33 

degrees F. Clay content in the 10 to 40 inch control section ranges from 40 to 60 percent. Reaction is 

slightly alkaline to moderately alkaline. Cracks 1 to 3 cm wide extend to 25 inches or more or the Cr 

horizon from June to October in areas not irrigated and are closed the rest of the year. 

The A horizon has dry colors of 10YR 5/1 or 4/1 and moist color of 10YR 3/1, 2/1 or 3/2. 

The Bss horizon has dry colors of 10YR 5/1 or 4/1 and moist colors of 10YR 3/1, 2/1, 4/1 or 3/2. Masses 

of manganese accumulation and strongly cemented manganese nodules occupy 2 to 20 percent of the 

surface area. It has common to many slickensides throughout. 

Some pedons have a calcareous C horizon above the siltstone. 

COMPETING SERIES: There are the Clear Lake, Hildreth, Jacktone, Maxwell and Willow series. 

Clear Lake, Hildreth, Maxwell and Willows soils are greater than 60 inches deep. 

Jacktone soils have a duripan at 20 to 40 inches. 

GEOGRAPHIC SETTING: Subaco soils are on basin rims and in basins with slopes of 0 to 2 percent. 

They formed in alluvium from mixed sources deposited over unrelated siltstone. Elevations are 20 to 80 

feet. Climate is subhumid with hot dry summers and cool moist winters. Mean annual precipitation is 14 

to 17 inches. Average January temperature is 77 degrees F and the average July temperature is 45 degrees 

F. The mean temperature is about 60 degrees to 64 degrees F. The frost-free season is about 260-280 

days. 

GEOGRAPHICALLY ASSOCIATED SOILS: These are the competing Clear Lake soils and 

the Capay and Oswald soils. Capay and Oswald soils are on basin rims above Subaco soils and have 

dominant chromas moist of greater than 1.5. 

DRAINAGE AND PERMEABILITY: Somewhat poorly drained; very slow runoff; slow permeability. 

There is a perched water table between depths of 18 to 42 inches in December to April. 

USE AND VEGETATION: This soil is used for irrigation rice, small grains and row crops. 

https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CLEAR_LAKE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/H/HILDRETH.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/J/JACKTONE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MAXWELL.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/W/WILLOW.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/W/WILLOWS.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CLEAR_LAKE.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CAPAY.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/O/OSWALD.html


DISTRIBUTION AND EXTENT: Southeastern part of the Sacramento Valley. Soils are not extensive. 

MLRA 17. 

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Davis, California 

SERIES ESTABLISHED: Sutter County, California 1983. Series name is from Subaco Road. 

REMARKS: Series reclassified on November 1996 (added CEC class). Competing series not reviewed at 

that time. 

Subaco does not match well at Butte-Sutter County line. In Sutter County, Subaco was described as 

having a paralithic (siltstone?) whereas in Butte County at the county line the soil clearly had a duripan. 

Subaco in Sutter County needs to be investigated. 

 
National Cooperative Soil Survey U.S.A. 

LOCATION TISDALE                 CA Established Series Rev. 

DJL/ENV/WBS/TDC/ET  01/2023 

 

TISDALE SERIES 
The Tisdale series consists of moderately deep, well drained soils that formed in alluvium from mixed 

sources. Tisdale soils are on low terraces and have slopes of 0 to 2 percent. The annual precipitation is 

about 18 inches and the annual temperature is about 62 degrees F. 

 

TAXONOMIC CLASS: Fine-loamy, mixed, superactive, thermic Typic Haploxerolls 

 

TYPICAL PEDON: Tisdale clay loam - on a nearly level slope of less than 1 percent in an irrigated 

prune orchard at 37 feet elevation. (Colors are for dry soil unless otherwise noted. When described on 

July 6, 1977, the soil was dry from 0 to 7 inches and moist below 7 inches.) 

 

Ap--0 to 7 inches; brown (10YR 5/3) clay loam, dark brown (10YR 3/3) moist; weak medium subangular 

blocky structure; slightly hard, friable, slightly sticky and plastic; common very fine and fine roots; many 

very fine and fine tubular pores; slightly alkaline (pH 7.5); clear smooth boundary. (5 to 9 inches thick) 

 

A--7 to 11 inches; brown (10YR 5/3) clay loam, dark brown (10YR 3/3) moist; moderate medium 

subangular blocky structure; slightly hard, friable, slightly sticky and plastic; common very fine and fine 

roots; many very fine and fine tubular pores; slightly alkaline (pH 7.5); clear wavy boundary. (4 to 10 

inches thick) 

 

Bt1--11 to 21 inches; pale brown (10YR 6/3) clay loam, brown (10YR 4/3) moist; moderate medium 

subangular blocky structure; hard, friable, sticky and plastic; few fine and medium roots; many very fine 

and fine and few medium tubular pores; few thin clay films on ped faces and in pores; moderately 

alkaline (pH 8.0); clear wavy boundary. (5 to 10 inches thick) 

 

Bt2--21 to 31 inches; light yellowish brown (10YR 6/4) clay loam, dark yellowish brown (10YR 4/4) 

moist; moderate medium subangular blocky structure; hard, firm, very sticky and plastic; few very fine 

roots; many very fine and fine tubular pores; few thin clay films on ped faces and in pores; moderately 

alkaline (pH 8.0); abrupt wavy boundary. (5 to 11 inches thick) 



 

2Cr--31 to 40 inches; very pale brown (10YR 8/3) siltstone, pale brown (10YR 6/3) moist; massive, very 

hard and extremely firm; common very fine tubular pores; slightly effervescent, lime occurs in common 

fine seams; moderately alkaline (pH 8.0). 

 

TYPE LOCATION: Sutter County, California; approximately 7 miles south of Yuba City on George 

Washington Blvd., then west 0.25 miles on farm road, then 400 feet south into prune orchard; 800 feet 

north and 2,500 feet east from the southwest corner of section 19, T. 14 N., R. 3 E. 

 

RANGE IN CHARACTERISTICS: Depth to a paralithic contact is 20 to 40 inches. The mean annual 

soil temperature is 60 degrees to 65 degrees F. The difference between average July and average January 

soil temperature is 30 degrees to 33 degrees F. The 6 to 18 inch soil moisture control section is dry in all 

parts from June through October unless irrigated and is moist in some or all parts from November thru 

May. Clay content ranges from 20 to 35 percent. 

 

The A horizon has dry colors of 10YR 5/2 or 5/3 and moist colors of 10YR 3/2 or 3/3. It is loam or clay 

loam. Reaction is neutral to slightly alkaline. 

 

The Bt horizon has dry colors of 10YR 5/3, 5/4, 6/3 or 6/4 and moist colors of 10YR 4/3, 4/4, 3/3 or 3/4. 

It is loam or clay loam with a 1 to 3 percent (absolute) clay increase over the A horizon. Reaction is 

neutral to moderately alkaline. 

 

Some pedons have C horizons. 

 

COMPETING SERIES: These are the Liveoak and Saurin series and the Andregg, Pfeiffer, San 

Andreas and Walong series in another family. Andregg, Pfeiffer, San Andreas and Walong soils are 

coarse-loamy and are on uplands. Saurin soils have a difference between mean summer and mean winter 

soil temperature of 12 to 15 degrees F and are medium or slightly acid. Liveoak soils have bedrock at 

greater than 60 inches. 

 

GEOGRAPHIC SETTING: Tisdale soils are on low terraces. Slopes are 0 to 2 percent. The soils 

formed in alluvium from mixed sources deposited over unrelated siltstone. Elevations are 20 to 80 feet. 

The climate is subhumid with hot dry summers and cool moist winters. Mean annual precipitation is 17 to 

20 inches. Mean January temperature is 45 degrees F; mean July temperature is 77 degrees F; and mean 

annual temperature is 60 degrees to 64 degrees F. Frost-free season is 260 to 280 days. 

 

GEOGRAPHICALLY ASSOCIATED SOILS: These are the Conejo, Gridley and Marcum soils which 

are on low terraces. Conejo soils are greater than 60 inches deep. Gridley soils have a fine argillic 

horizon. Marcum soils are 40 to 80 inches deep to a paralithic contact. 

 

DRAINAGE AND PERMEABILITY: Well drained; very slow runoff; moderately slow permeability. 

 

USE AND VEGETATION: Used for irrigated small grains, row crops and irrigated orchards. 

 

DISTRIBUTION AND EXTENT: Southeastern portion of the Sacramento Valley. Soils are not 

extensive. 

 

MLRA SOIL SURVEY REGIONAL OFFICE (MO) RESPONSIBLE: Davis, California 

 

SERIES ESTABLISHED: Sutter County, California 1983. The source of the name comes from Tisdale 

Weir. 

https://soilseries.sc.egov.usda.gov/OSD_Docs/L/LIVEOAK.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SAURIN.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/A/ANDREGG.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/P/PFEIFFER.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SAN_ANDREAS.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/S/SAN_ANDREAS.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/W/WALONG.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/C/CONEJO.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/G/GRIDLEY.html
https://soilseries.sc.egov.usda.gov/OSD_Docs/M/MARCUM.html


 

REMARKS: The activity class was added to the classification in March of 2003. Competing series were 

not checked at that time. - ET 

 

OSED scanned by SSQA. Last revised by state on 2/84. 

 

 
National Cooperative Soil Survey U.S.A. 











































































































































































































































































































































































































































NRCS Accessibility Statement
This document is not accessible by screen-reader software. The Natural

Resources Conservation Service (NRCS) is committed to making its information
accessible to all of its customers and employees. If you are experiencing accessibility
issues and need assistance, please contact our Helpdesk by phone at
1-800-457-3642 or by e-mail at ServiceDesk-FTC@ftc.usda.gov. For assistance with
publications that include maps, graphs, or similar forms of information, you may also
wish to contact our State or local office. You can locate the correct office and phone
number at http://offices.sc.egov.usda.gov/locator/app.

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
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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CA CA101
Sutter 
County, 
California

459313 103

Byington 
silt loam, 
0 to 2 
percent 
slopes

Byington, 
silt loam

4471 85 Yes 3800
flood 
plains

null Yes 2, 4

CA CA101
Sutter 
County, 
California

459314 104

Capay 
silty clay, 
0 to 2 
percent 
slopes

Capay, 
silty clay

23177 70 Yes 16223
basin 
floors

null Yes 4

CA CA101
Sutter 
County, 
California

459317 107

Capay 
silty clay, 
siltstone 
substratu
m, 0 to 2 
percent 
slopes

Capay, 
silty clay, 
siltstone 
substratu
m

5841 85 Yes 4964
basin 
floors

null Yes 4

CA CA101
Sutter 
County, 
California

459322 112

Clear 
Lake clay, 
0 to 1 
percent 
slopes, 
MLRA 17

Clear 
Lake

30268 90 Yes 27241
basin 
floors

null Yes 2, 3

Source:  Soil Data Access (SDA) Hydric Soils List for California and Sutter County avaialble at  https://www.nrcs.usda.gov/publications/query-by-ssa.html   Accessed 
April 1, 2023



CA CA101
Sutter 
County, 
California

459325 115

Clear 
Lake clay, 
siltstone 
substratu
m, 0 to 2 
percent 
slopes

Clear 
Lake, 
clay, 
siltstone 
substratu
m

4170 85 Yes 3544
basin 
floors

null Yes 2, 4

CA CA101
Sutter 
County, 
California

459329 119

Columbia 
fine sandy 
loam, clay 
substratu
m, 0 to 2 
percent 
slopes

Columbia
, fine 
sandy 
loam, clay 
substratu
m

1163 80 Yes 930
flood 
plains

null Yes 4

CA CA101
Sutter 
County, 
California

459342 132

Gridley 
clay loam, 
0 to 1 
percent 
slopes

Oswald 9523 3 No 285
basin 
floors

null Yes 2, 4

CA CA101
Sutter 
County, 
California

459363 153

Oswald 
clay, 0 to 
2 percent 
slopes

Oswald, 
clay

17983 90 Yes 16184
basin 
floors

null Yes 2, 4

CA CA101
Sutter 
County, 
California

459364 154

Oswald 
clay, 
frequently 
flooded, 0 
to 2 
percent 
slopes

Oswald, 
clay, 
frequently 
flooded

5430 80 Yes 4344
basin 
floors

null Yes 2, 4



CA CA101
Sutter 
County, 
California

459371 161

Shanghai 
fine sandy 
loam, 
channeled
, 0 to 2 
percent 
slopes

Shanghai, 
fine sandy 
loam, 
channeled

868 85 Yes 737
flood 
plains

null Yes 4

CA CA101
Sutter 
County, 
California

459372 162

Shanghai 
silt loam, 
0 to 2 
percent 
slopes

Shanghai, 
silt loam

9023 85 Yes 7669
flood 
plains

null Yes 4

CA CA101
Sutter 
County, 
California

459383 173

Subaco 
clay, 0 to 
2 percent 
slopes

Subaco, 
clay

11648 80 Yes 9318
basin 
floors

null Yes 2, 4

CA CA101
Sutter 
County, 
California

459384 174

Tisdale 
clay loam, 
0 to 2 
percent 
slopes

Oswald 7996 5 No 399
flood 
plains

null Yes 2, 4
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APPENDIX H: APPLICABLE COCs 
 

AIR QUALITY CONDITIONS OF CERTIFICATION 
 

• AQ-SC1 to AQ-SC5 
• New/modified conditions following evaluation by the Feather River Air Quality Management 

District. 
 

BIOLOGICAL RESOURCES CONDITIONS OF CERTIFICATION 
 
• BIO-1 
• BIO-2a 
• BIO-3 
• BIO-4 
• New/modified BIO-6, BIO-7, BIO-7a, BIO-8, BIO-9, BIO-10,  
• BIO-12 

 
CULTURAL RESOURCES CONDITIONS OF CERTIFICATION 

 
• New/modified CUL-1, CUL-2, CUL-3, CUL-4, CUL-5, CUL-7, CUL-8, CUL-11, CUL-12, 

CUL-13, CUL-14 
• CUL-6 
• CUL-9 
• CUL-10 

 
HAZARDOUS MATERIALS MANAGEMENT CONDITIONS OF CERTIFICATION 

 
• HAZ-1 through HAZ-3 

 
NOISE CONDITIONS OF CERTIFICATION 

 
• NOISE-1 through NOISE-3 

 
PALEONTOLOGICAL RESOURCES CONDITIONS OF CERTIFICATION 

 
• PAL-1 through PAL-13 
 
SOIL AND WATER RESOURCES CONDITIONS OF CERTIFICATION 

 
• SOIL&WATER-1 through SOIL&WATER-7 
 
TRAFFIC AND TRANSPORTATION CONDITIONS OF CERTIFICATION 
 
• TRANS-1 through TRANS-7 
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APPENDIX H: APPLICABLE COCs 
 
VISUAL RESOURCES CONDITIONS OF CERTIFICATION 
 
• VIS-1 through VIS-3 
 
WASTE MANAGEMENT CONDITIONS OF CERTIFICATION 
 
• WASTE-1 through WASTE-3 
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	103—Byington silt loam, 0 to 2 percent slopes
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	108—Capay silty clay, wet 0 to 2 percent
	112—Clear Lake clay, 0 to 1 percent slopes, MLRA 17
	115—Clear Lake clay, siltstone substratum, 0 to 2 percent slopes
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