ASGSA
Advisory Committee Meeting
Greenfield Civic Center
599 El Camino Real
Greenfield, CA 93927
Meeting Agenda
October 9, 2019
1:00 P.M.
Your courtesy is requested to help our meeting run smoothly.
Please follow the following rules of conduct for public participation in the meetings:

·
·

Refraining from public displays or outbursts such as unsolicited applause, comments or
cheering.
Any disruptive activities that substantially interfere with the ability of the Agency to carry out
its meeting will not be permitted, and offenders will be requested to leave the meeting.

PLEASE TURN OFF CELL PHONES AND PAGERS

1. PUBLIC COMMENTS REGARDING ITEMS ON THE AGENDA – A threeminute time limit may be imposed on all speakers.
2. APPROVAL OF MINUTES OF THE SEPTEMBER 11, 2019 MEETING
3. RECEIVE AND REVIEW ASGSA GSP CHAPTERS 1-4 PUBLIC REVIEW
a. Revised Chapters 1-4 of ASGSA Groundwater Sustainability Plan
(Reviewers may comment/edit using “track changes”)
All GSP figures plus Table 4.4-1 are consolidated into a single pdf file
which can be downloaded from the Todd Groundwater ftp site using the
following link:
ftp://toddftp:H2O4All4Ever@ftp.toddgroundwater.com/ASGSA_GSP/GSP_
Figures_&_Table_4-1_2019-10-2.pdf
Appendices E and H are combined into a single zip file that can be
downloaded using this link:
ftp://toddftp:H2O4All4Ever@ftp.toddgroundwater.com/ASGSA_GSP/Appe
ndices_E_&_H.zip
4. CONSIDERATION OF ASGSA/SVBGSA COORDINATION
SUBCOMMITTEE PUBLIC PARTICIPATION
a. Staff Report
b. Public Comments
c. Committee – Review / Comments / Action

5. RECEIVE GENERAL MANAGER’S REPORT AND OTHER ITEMS
a. Oral Report
b. Public Comments
c. Committee – Review / Comments / Action

6. ADJOURNMENT

In compliance with the American With Disabilities Act, if you need special assistance to participate in this meeting,
please contact the City Clerk at (831) 674-5591. Notification 48 hours prior to the meeting will enable the City to
make reasonable arrangements to ensure accessibility to the meeting (CFR 35.102-35.104 ADA Title II).
*********************************************************************************
This agenda is duly posted outside City Hall and on the City of Greenfield web site.

ASGSA
Advisory Committee Meeting Minutes
September 11, 2019
Committee Members Present: Jerry Lohr, Alan Panziera, Nancy Isakson, Mary Lerner, John Huerta, Tim
Frahm, and Roger Moitoso
1. Public Comment a. No public comments were presented.
2. Approval of August 14, 2019 Minutes
a. Minutes were approved, with the following additions:
i. During the Presentation of the GSP Chapter 4 information, the Committee
members made many substantive comments regarding the presentation of
Chapter 4 and the proposed draft management actions.
ii. Committee members expect the GSP consultant to address their comments in
subsequent versions of Chapter 4
iii. There was consensus that the Advisory Committee minutes needed to be
expanded beyond actions minutes, and requested that the meetings be
recorded or that additional information be captured and included with
subsequent minutes.
3. Review Chapters 1-4
a. Chapters not reviewed at this time, the document was still being reviewed by staff
4. Consideration of ASGSA/SVBGSA Coordination Subcommittee Public Participation
a. The committee did not recommend that public members be added to the
Subcommittee.
5. Consideration of TODD Groundwater Scope of Services and Cost Estimate for the DWR Round
3 GSP Planning Grant
a. Advisory Committee reviewed the scope of services and recommended approval with the
following changes:
i. Modify Component 2 scope to conduct a Feasibility Study for Siting Shallow
Groundwater Monitoring Wells.
ii. Delete Component 3 Implement Pilot Study of CCWC Winter Recharge
6. Consider General Managers Report
a. No action was taken.
7. Adjourn
a. Meeting was adjourned at 2:30 pm, next meeting is scheduled for October 9, 2019
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INTRODUCTION
1.1 PURPOSE OF THE GROUNDWATER SUSTAINABILITY PLAN (GSP)
The purpose of this Groundwater Sustainability Plan (GSP) is to assess water resource and land use
conditions within the plan area, through an open and collaborative process, and to implement
management activities to achieve (or maintain) long-term groundwater sustainability as defined by the
Sustainable Groundwater Management Act (SGMA). The plan area is the jurisdictional extent of the
Arroyo Seco Groundwater Sustainability Agency (ASGSA), located halfway up the Salinas Valley where
the Arroyo Seco river enters the valley.
Current groundwater conditions in the ASGSA area are more sustainable than in other parts of the
Salinas Valley, primarily due to the large amount of high-quality local recharge supplied by percolation
from the Arroyo Seco. Unlike the 180/400 Foot and Eastside Subbasins to the north, the ASGSA area
does not suffer from seawater intrusion or chronic storage depletion. Compared to the Upper Valley
Subbasin and adjacent parts of the Forebay Subbasin, the ASGSA is less dependent on water released
from upstream reservoirs to the Salinas River.

1.2 AGENCY INFORMATION
1.2.1 Organization and Management of Arroyo Seco Groundwater Sustainability Agency
The Arroyo Seco Groundwater Sustainability Agency (ASGSA) was formed through agreement with the
City of Greenfield and nearby lands overlying the Arroyo Seco Groundwater Basin collectively called the
Management Area and consisting of the Clark Colony Water Company (CCWC) and contiguous
surrounding lands. The Notices of Declaration to become a groundwater sustainability agency are in
Appendix A. The ASGSA is governed and administered by a five-member Board of Directors,
representing public and private groundwater interests throughout the Arroyo Seco area.
In addition to the Board of Directors, the ASGSA includes an Advisory Committee consisting of Directors
and non-Directors including Greenfield City residents and environmental interests. The Advisory
Committee is designed to ensure participation by, and input to, the Board of Director by constituencies
whose interests are not directly represented on the Board. The ASGSA’s activities are staffed by a
General Manager, Greenfield City Staff, and contract services provided by CWCC and the City of
Greenfield.
Contact information for ASGSA is as follows:
Name:
Title:
Address:

Telephone:
E-mail:
Website:

Curtis Weeks
General Manager
Arroyo Seco Groundwater Sustainability Agency
599 El Camino Real
Greenfield, CA 93927
831-235-4433
cweeks@arroyosecogsa.org
https://arroyosecogsa.org
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1.2.2 Legal Authority of Arroyo Seco Groundwater Sustainability Agency
The ASGSA was formed in accordance with the requirements of California Water Code § 10723 et seq.
The ASGSA includes the City of Greenfield (City), Clark Colony Water Company (CCWC) service area and
other Petitioned Lands as filed with the Notices of Intent with the California Department of Water
Resources on April 27, 2017 and June 30, 2017. Under California Water Code section 10726.5 the CCWC
and Petitioned Lands were added to the ASGSA Management Area through written agreements with
those private parties to assist in the funding of the ASGSA’s groundwater sustainability plan (“GSP”) and
its implementation. The Department of Water Resources (DWR) initially determined that the ASGSA
area outside of the City limits, was overlapped because both the ASGSA and the Salinas Valley Basin
Groundwater Sustainability Agency (SVBGSA) filed to be the groundwater sustainability agency for the
same lands. The overlapping jurisdictional issue has been resolved.
The ASGSA is funded in accordance with Water Code section 10726.5. The City serves as the
administrative agency, and CCWC has committed to paying the City fifty percent (50%) of the costs
incurred by the ASGSA for the development, facilitation and implementation of the GSP. Cost and
expenses of ASGSA may also be funded from: (i) voluntary contributions from third parties or (ii) grants;
taxes, assessments, fees and/or charges levied by the ASAGA under the provisions of SGMA or as
otherwise authorized by law or agreement. Sharing of resources, including staff, is allowed to meet this
obligation.
1.2.3 Outreach and Communication
The ASGSA has development a multi-faceted outreach and communication program consisting of the
following elements:
•
•
•
•

Website posting all meetings agendas and agenda packets. A list of public meetings and
workshops held during the GSP development process is included in Appendix B.
Advisory Committee for the public to provide comment ad recommendations to the Board of
Directors
Attendance of ASGSA representatives at City Council meetings for input and feedback
Regular coordination with the SVBGSA

Draft sections of this GSP were published on the ASGSA website during plan development. A complete
draft was posted and circulated for comment during ___dates___. Comments received on the complete
draft are included in Appendix C.

1.3 GSP ORGANIZATION
The organization of this GSP generally follows the annotated outline released as a guidance document
by the California Department of Water Resources (DWR, 2016). However, many topics are relevant to
multiple sections of the GSP. For example, land use is discussed under “Description of Plan Area” as it
relates to planning, in the “Basin Setting” section as it relates to historical, current and future
groundwater conditions, and in the “Water Balance” section as a factor affecting recharge. Many topics
introduced in the “Basin Setting” section require additional analysis in the discussion of sustainability
criteria and monitoring networks. Where appropriate, the text notes whether additional discussion of
each topic can be found in later sections of the report. To facilitate verifying that this GSP conforms to
regulatory requirements, Appendix D contains a checklist indicating the location of all required GSP
Arroyo Seco DRAFT
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elements. Additional appendices contain details of in-depth technical analysis that would be
cumbersome to include in the main text.
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2 DESCRIPTION OF PLAN AREA
ASGSA covers 34,439 acres in the southwestern part of the Forebay Aquifer Subbasin (Forebay
Subbasin), which is designated as Basin 3-004.04 and is part of the larger Salinas Valley Groundwater
Basin. The Forebay Subbasin occupies the middle third of the length of the Salinas Valley, as shown in
Figure 2.0-1. The ASGSA area is located in the southwestern part of the Forebay Subbasin, where the
Arroyo Seco enters the Salinas Valley from the Sierra de Salinas mountains. The Arroyo Seco is the
largest tributary to the Salinas River and supplies substantial amounts of groundwater recharge. The
boundaries of the ASGSA area are shown in Figure 2.0-2.

2.1 SUMMARY OF JURISDICTIONAL AREAS AND OTHER FEATURES
The ASGSA area and the Forebay Subbasin are both located entirely in Monterey County. Greenfield is
the only incorporated city within the ASGSA area (Figure 2.0-2) and had an estimated population of
17,500 people in 2017 (Google, 2018). Greenfield is identified as a disadvantaged community (DAC) in
the on-line DAC mapping tool accessible through the California Department of Water Resources (DWR)
SGMA website. Soledad is the only other incorporated city in the Forebay Subbasin and is located north
of the ASGSA area (Figure 2.0-2). Its population was 26,300 in 2017. The southern tip of the City of
Gonzales (population 8,500 in 2017) slightly overlaps the northern boundary of the Forebay Subbasin.
CCWC diverts surface water from the Arroyo Seco through a canal system developed in 1905 to an
overall service area that covers 11.2 square miles and extends from the Arroyo Seco to the Salinas River
roughly between Elm Avenue and Thorne Road, within an area described as the southeastern half of
Rancho Arroyo Seco (Figure 2.0-2). Originally, about 4,000 acres of land received irrigation water
deliveries. That has decreased to about 2,000 acres today due to the expansion of urban lands in the
City of Greenfield. The company was formed in 1905 and has operated continuously since then.
The City of Greenfield operates three wells to supply water to its residents. Two are located outside the
city limits near 14th and Cherry Streets, and the third is in the corporation yard at 10th and Walnut. The
City also operates a wastewater treatment plant near the Salinas River. The wastewater treatment
plant is also located outside the city limits. There are no other water districts, community services
districts or private water purveyors in the ASGSA area. Rural residences and isolated agricultural
buildings obtain potable water from privately owned on-site wells.
There are no federally-owned lands within the ASGSA area, but the U.S. Forest Service and U.S. Bureau
of Land Management own most of the land in the Arroyo Seco watershed, as shown in Figure 2.1-1.
There are no state-owned lands in the ASGSA area or the watershed. Almost all land within the ASGSA
area is privately owned. Road rights of way are owned by Monterey County or the City of Greenfield.

2.2 WATER RESOURCES MONITORING AND MANAGEMENT PROGRAMS
This section describes active, ongoing monitoring programs that collect data useful for groundwater
analysis and management. Data obtained from these sources are presented and used in subsequent
sections to characterize groundwater conditions, estimate water balances and test for undesirable
results.
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Groundwater throughout the Salinas Valley Groundwater Basin is actively monitored and managed,
primarily by the Monterey County Water Resources Agency (MCWRA). That agency monitors
groundwater levels, production and quality, and it also operates Nacimiento and San Antonio
Reservoirs, which supply supplemental flow and percolation along the Salinas River. Other agencies
routinely monitor other variables needed to evaluate groundwater conditions, such as climate, stream
flow and land use. Collectively, existing monitoring programs provide nearly all of the data that are
needed or desirable for monitoring and managing groundwater in ASGSA.
2.2.1

2.2.1.1

Active Water Resources Monitoring Programs

Groundwater Levels

MCWRA and its predecessor agencies have been monitoring groundwater elevations in the Salinas
Valley since the 1940s. Most of the monitored wells are existing production wells, but some are
dedicated monitoring wells. Within the ASGSA area three of the monitoring sites are dedicated
monitoring wells, which are multi-completion wells installed for a hydrogeologic investigation (Feeney,
1994a). Within the ASGSA boundaries, there are 30 MCWRA water-level monitoring wells at 23
locations, as shown in Figure 2.2-1. An additional ten monitoring wells are located within 2,000 feet of
the perimeter of the ASGSA area. Using 2017 as an example of current MCWRA monitoring frequency,
two wells were measured more frequently than once a month, eleven were measured monthly,
fourteen were measured annually, and three were not measured at all.
The variable monitoring frequencies reflect different purposes established by MCWRA for the data.
Consistent monthly measurements at 80 wells located throughout the Salinas Valley monitor the
seasonal change in groundwater levels which help in defining the magnitude and timing of peaks and
recessions. These measurements also assist in determining the spatial relationship of seasonal pumping
stress and aid in identifying trends or changes in pumping demand and the recovery of water levels. For
its quarterly reports on groundwater conditions, MCWRA computes an average depth to water by
month for all of the wells in each of the four Salinas Valley subbasins and compares the monthly
patterns with those from prior years.
A larger set of 280 wells located throughout the valley is measured in November/December each year to
determine annual changes in groundwater levels and the corresponding amount of groundwater in
storage. The fall measurements are after the main irrigation season and are used to indicate the changes
that occurred during the preceding water year ending on September 30.
The two wells measured more frequently than monthly are two depth intervals at the Thorne Road
multi-depth monitoring well, which are fitted with data loggers.
Pursuant to Ordinance Nos. 3663, 3696 and 3717, MCWRA considers all water-level data to be
“proprietary” and not available to the public. Access to the data is provided to public agencies and their
technical consultants if the parties sign a non-disclosure agreement that allows presentation of data to
the general public only as subtotals over large geographical areas.

2.2.1.2

Groundwater Pumping

Monterey County Water Resources Agency
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In 1993, the Monterey County Board of Supervisors adopted Ordinances No. 3663 and 3717 that require
reporting to MCWRA by groundwater pumpers within Zones 2 and 2A of their water-use information for
wells with a discharge pipe inside diameter of three inches or greater. The purpose of this program is to
provide MCWRA with accurate water use information in order to effectively manage groundwater
resources. MCWRA considers all water-level data to be “proprietary” and not available to the public, per
the aforementioned ordinances.
Well operators report annual pumping for the year beginning November 1 and ending October 31, each
year. Data collection began with the 1992-1993 reporting year. Information received from more than
three hundred well operators in the above-referenced zones of the Salinas Valley is stored in an Agency
database called the Groundwater Extraction Management System (GEMS). Well operators are allowed a
choice of three quantitative measurement methods: in-line flow meter, electrical meter, or hours-ofoperation meter (timer). Ordinance 3717 requires annual pump efficiency tests and/or meter calibration
of each well to ensure the accuracy of the data reported. The distribution of methods used for the 2015
reporting year was: 71% in-line flow meter, 28% electrical meter, and 1% hour meter (MCWRA, 2017).
MCWRA prepares annual groundwater extraction reports that include subbasin-scale maps showing
individual wells color-coded by class interval of pumping amount, and tables listing subtotals of
groundwater extraction by user category and subbasin. Because MCWRA considers pumping data to be
proprietary, well locations in the figures are not exact. A copy of the map of Forebay Subbasin pumping
from the 2017 annual report is shown in Figure 2.2-2. These annual summaries are available on-line at:
http://www.co.monterey.ca.us/government/government-links/water-resourcesagency/documents/groundwater-extraction-summaries#wra
City of Greenfield
The City of Greenfield owns and operates three municipal supply wells, and production from each well is
recorded monthly. This information can be obtained from the Public Works Department, and annual
production is summarized in the Urban Water Management Plans that the City prepares every 5 years
(for example, City of Greenfield, 2016).

2.2.1.3

Groundwater Quality

Monterey County Water Resources Agency
MCWRA historically monitored chloride, nitrate, conductivity, calcium, magnesium, potassium, pH,
sodium, sulfate, and alkalinity at over 300 wells in the Salinas Valley on a rotating basis, but monitoring
in the Forebay and Upper Valley Subbasins has been greatly reduced. The most recent sampling in the
ASGSA area was for sodium, chloride and electrical conductivity at 14 wells representing eight
geographic locations in 1997, 2009 and 2015. The number of wells and their geographic distribution are
not sufficient to support rigorous statistical evaluation of trends or preparation of contour maps of
concentration. In accordance with County Ordinances, the water quality data are considered proprietary
and not available to the general public. Agencies and their technical consultants may access the data
provided they sign a non-disclosure agreement that prohibits them from publicly disclosing information
that can be tied to a specific well. Only regional statistics and other summary information may be
disclosed. Unlike water-level and extraction data, water-quality data are not routinely reported by
MCWRA.
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City of Greenfield
Public water systems in Monterey County are regulated by the Monterey County Health Department,
which is the local enforcement agency for the Division of Drinking Water of the California State Water
Resources Control Board. The City of Greenfield operates the largest public water system in the ASGSA
area. It tests its three active wells at various intervals for pathogens, inorganic chemicals, organic
chemicals, pesticides and herbicides, and radioactivity. These data are uploaded to the State Water
Resources Control Board’s (SWRCB) GeoTracker database, where they are publicly available on-line at
https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/EDTlibrary.html . The City also
prepares an annual Consumer Confidence Report that summarizes water quality results from the
previous year. Those reports are accessible on the City’s website at
https://ci.greenfield.ca.us/214/Drinking-Water-System . Several schools, industrial buildings and mobile
home parks also supply potable water and are regulated by the Division of Drinking Water, but the
amounts of production are orders of magnitude smaller than the City’s production.
Irrigated Lands Regulatory Program (ILRP)
The Central Coast Regional Water Quality Control Board (Regional Water Board) adopted Order No. R32012-0011 Conditional Waiver of Waste Discharge Requirements for Discharges from Irrigated Lands
(Conditional Waiver) and associated Monitoring and Reporting Program Orders (MRPs) on March 15,
2012. The MRPs have been amended several times, most recently in March 2017 (Ag Order 3.0). The
order groups growers into three tiers of potential risk for water quality degradation based on the size of
the irrigated area, the types of crops grown, distance from the irrigated area to streams and water
supply wells, and whether diazinon or chlorpyrifos are used. Requirements for monitoring groundwater
quality vary according to tier. For the highest-risk tier (Tier 3), growers must sample all domestic wells
and the primary irrigation well on each farm or ranch. Samples must be collected twice during the 5year implementation period of each Ag Order, in spring and fall. Field parameters such as specific
conductance are measured, and water samples are analyzed for nitrate and general mineral
composition. The constituents analyzed can change from one Ag Order to the next, however.
Groundwater monitoring is from existing wells only; the MRPs do not require installation of shallow
monitoring wells. Also, the “primary” irrigation well often changes over time because crops are rotated
and fields reconfigured for various short-season truck crops (Turner, 2019). There are additional
requirements for monitoring surface water and for preparing annual nitrogen budgets for each crop
grown. The groundwater monitoring described above and the nitrogen budget tabulation for high-risk
crops is required for all three risk tiers.
The Conditional Waiver and the MRPs allow growers to form cooperative groups that implement a
coordinated monitoring program for all of the members. Many growers in the Salinas Valley and nearby
basins joined together to form the Central Coast Groundwater Coalition (CCGC). Figure 2.2-3 shows
agricultural lands that were enrolled in ILRP as of 2015 (LSCE, 2015) and as of December 2018 (DWR
SGMA Data Viewer). The former report mapped the ILRP lands as polygons, whereas the latter maps
them as points at field locations. Growers can un-enroll parcels if they switch to a low-risk crop, so the
ILRP lands fluctuate over time. In 2015 about 42 percent of the irrigated area within the ASGSA area was
enrolled in the ILRP program, and 101 wells were enrolled for ILRP water quality monitoring.
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One of the first efforts of the CCGC was to prepare a comprehensive survey of groundwater quality and
a geostatistical analysis of high nitrate concentrations (HydroFocus, Inc. 2014). Summary reports and
data can be obtained from the CCGC website at http://www.centralcoastgc.org/.
All water quality data collected under the ILRP--whether obtained by individual growers or through the
CCGC—is public and must be uploaded to the State Water Resources Control Board’s Geotracker
website (https://gamagroundwater.waterboards.ca.gov/gama/gamamap/public/Default.asp ). The data
may be viewed or downloaded by anyone.

2.2.1.4

Stream Flow

2.2.1.5

Climate

Three stream flow gages are active in or near the ASGSA area, all operated by the U.S. Geological
Survey. The Arroyo Seco near Soledad gage (Station 11152000) is downstream of the Elm Avenue bridge
(also known as the “green bridge”; see Figure 2.0-2 for gage locations). The Arroyo Seco below Reliz
Creek near Soledad gage (11152050) is at the Arroyo Seco Road bridge. The Salinas River at Soledad
gage (11151700) is located upstream of the confluence with the Arroyo Seco River. Additional Salinas
River gages are located upstream and downstream of the Forebay Subbasin (for example, at Bradley,
Chualar and Spreckels). Daily flows for historical and active gages up through the end of the previous
month can be accessed on-line at the United States Geological Survey (USGS) National Water
Information System website: http://waterdata.usgs.gov/nwis.
Four active stations that record precipitation are located near the ASGSA area: King City, Bradley, Salinas
Airport and Arroyo Seco Mt. Diablo. The first three of these are located along the Salinas Valley, and the
last is in the upper watershed area of the Arroyo Seco River. Daily precipitation amounts can be
downloaded from the National Climatic Data Center website at http://www.ncdc.noaa.gov/cdoweb/search.
Three microclimate stations near the ASGSA area calculate hourly and daily reference
evapotranspiration (ET0). The stations are part of the California Irrigation Management and Information
System (CIMIS), which operates hundreds of similar stations throughout the state. The currently active
local stations are Soledad II (Station Number 252), Arroyo Seco (Number 114) and King City – Oasis Road
(Number 113). Precipitation, air temperature, wind speed, solar radiation, relative humidity and ET0 can
be downloaded from the CIMIS website at https://cimis.water.ca.gov/.
2.2.2

Active Water Resources Management Programs

2.2.2.1.1 Monterey County Groundwater Management Plan (GWMP)
A groundwater management plan (GWMP) compliant with State standards (AB3030 and SB1938) was
developed and adopted by MCWRA in 2006. The plan may be outdated; however, there may be certain
components therein that may be helpful to this GSP. Specifically, the plan was developed before the
implementation of the Salinas Valley Water Project (SVWP). Many of the management objectives may
have been achieved by the SVWP.
The plan covers all of the Salinas Valley Groundwater Basin within Monterey County. The key elements
include the following basin management objectives:
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•

•

•

Development of integrated water supplies to meet existing and project water requirements.
The Castroville Seawater Intrusion Project and the Salinas Valley Water Project were cited as
examples of conjunctive management of surface and groundwater supplies designed to meet
overall water supply needs.
Determination of sustainable yield and avoidance of overdraft. Of importance to this GSP, the
discussion of sustainable yield states that a primary task to fulfill this objective is “quantification
of the yield of the groundwater basin with recognition to variations in the occurrence of
groundwater in different geographic areas of the overall basin” (emphasis added).
Preservation of groundwater quality for beneficial use. In addition to describing the seawater
intrusion problem near the coast, the Plan raises a concern regarding the long-term
accumulation of dissolved minerals in the basin, which is hydrologically closed (there is no
outflow from the basin that removes accumulated salinity). The water quality objective is to
maintain the utility of the basin for municipal, agricultural and other beneficial uses.

The Plan includes the following fourteen elements consisting of programs and policies to achieve the
basin management objectives:
•
•

•

•

•
•

Plan Element 1: Monitoring of Groundwater Levels, Quality, Production, and Subsidence.
These programs are currently implemented by MCWRA and are described in Section 2.2.1 Water
Resources Monitoring Programs.
Plan Element 2: Monitoring of Surface Water Storage, Flow, and Quality. MCWRA monitors
storage, releases and evaporation at Nacimiento and San Antonio Reservoirs. It also monitors
water quality at selected stream locations. It relies on monitoring programs by other agencies
for monitoring of rainfall, reference evapotranspiration and stream flow.
Plan Element 3: Determination of Basin Yield and Avoidance of Overdraft. The method
selected by MCWRA for evaluating yield is groundwater modeling. The Plan notes that shortterm storage fluctuations are to be expected in any conjunctive-use operation, such as
operation of Nacimiento and San Antonio Reservoirs to recharge the Salinas Valley Groundwater
Basin.
Plan Element 4: Development of Regular and Dry Year Water Supply. The discussion of this
element emphasizes the limited availability of reservoir water during prolonged droughts. The
Plan notes that “historical observations also show that reservoir storage can sustain high
groundwater levels in those parts of the basin (Upper Valley and Forebay) through the early part
of a dry period; however, extended dry conditions that ultimately decrease reservoir storage
also reduces groundwater recharge resulting in potentially significant decreases in groundwater
levels and storage”. At the time the Plan was prepared, concurrent efforts were underway to
increase water supply yield by means of the Salinas Valley Water Project (see below). The
Arroyo Seco area is not specifically mentioned as a source of additional water supply.
Plan Element 5: Continuation of Conjunctive Use Operations. This refers primarily to continued
operation of Nacimiento and San Antonio Reservoirs and the Salinas Valley Water Project (see
below).
Plan Element 6: Short-Term and Long-Term Water Quality Management. This element
identifies Castroville Seawater Intrusion Project (CSIP) and SVWP as the primary current tools for
combatting seawater intrusion. It notes the risk of long-term increases in groundwater salinity,
nitrate and selected long-lived organic contaminants in the hydrologically closed Salinas Valley
Basin. The Plan mentions MCWRA’s Nitrate Management Program as a tool for addressing
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•
•
•

•

•

•

•
•

nitrate contamination. However, that program appears to consist merely of several fact sheets
containing bullet lists of best management practices for handling and applying fertilizer. There
appears to be no interaction with growers or regulation of their fertilization practices. Since the
time the Plan was developed, nitrate management has largely been subsumed by the Central
Coast Regional Water Quality Control Board’s Irrigated Lands Regulatory Program (see below).
Plan Element 7: Continued Integration of Recycled Water. This element consists of continuing
and potentially expanding CSIP.
Plan Element 8: Identification and Mitigation of Groundwater Contamination. This element
simply references existing programs by local and state agencies to regulate and clean up
groundwater contamination by toxic substances.
Plan Element 9: Identification and Management of Recharge Areas and Wellhead Protection
Areas. This element consists of compiling information about potentially contaminating activities
documented by public supply well operators as part of their compliance with the State Drinking
Water Source Assessment Program (DWSAP). Note that recharge areas evaluated for DWSAP
studies were limited to relatively small areas upgradient of potable supply wells. The
requirement for basin-wide delineation of recharge areas began with legislation passed after
2006.
Plan Element 10: Identification of Well Construction, Abandonment, and Destruction Policies.
See Section 2.2.2.4 “Permitting of Well Construction and Destruction” for a description of
current programs and policies. Permits are required for well construction and destruction.
Destruction of wells after the end of their useful life is required to protect groundwater quality.
Plan Element 11: Continuation of Local, State and Federal Agency Relationships. This element
lists numerous local, state and federal agencies with which MCWRA routinely interacts and
emphasizes the need for coordination to avoid conflict over water supplies and groundwater
management.
Plan Element 12: Continuation of Public Education and Water Conservation Programs. The
MCWRA website contains some water conservation information. MCWRA has also passed an
ordinance requiring low-flow plumbing fixtures in buildings. The agency does not have an active
conservation program, but the Plan notes that growers have voluntarily implemented measures
to increase water use efficiency as a cost-saving measure.
Plan Element 13: Groundwater Management Reports. This element consists simply of
continuing MCWRA’s existing practice of annual summaries of groundwater conditions and
occasional in-depth technical studies.
Plan Element 14: Provisions to Update the Groundwater Management Plan. This element
envisions a review and update of the Plan approximately every 5 years. It does not appear that
the 2006 GWMP has ever been updated. As a practical matter, its content will likely be
subsumed into the GSP’s for subbasins in the Salinas Valley and into the Valley-Wide Integrated
Groundwater Sustainability Plan.

All of the goals and elements of the 2006 GWMP may be reasonable and desirable, although they would
need to be reviewed in light of the SVWP and other actions taken since the plan’s development in 2006.
Chapters 4-6 of this GSP evaluate whether current or anticipated future groundwater conditions in the
ASGSA area warrant expansion or more aggressive implementation of the GWMP elements and how
that effort should be shared between MCWRA, SVBGSA and ASGSA.

2.2.2.2

Salinas Valley Water Project (SVWP)

The Monterey County Water Resources Agency (MCWRA) is the agency most active in water resources
management throughout the Salinas Valley. In addition to the monitoring programs described in the
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previous section, MCWRA operates the Salinas Valley Water Project (SVWP). This project includes
modification of the spillway at Nacimiento Dam, coordinated operation of Nacimiento and San Antonio
Reservoirs upstream of the Salinas Valley, river percolation for groundwater recharge between the
reservoirs and the Pacific Ocean, and re-diversion of reservoir releases at the Salinas River Diversion
Facility (SRDF) near Marina for irrigation of cropland in the CSIP service area near the coast. Nacimiento
and San Antonio Reservoirs were completed in 1957 and 1965, respectively, the spillway modification
was completed in 2009, and the SRDF commenced operation in 2010. The goals of the SVWP include (1)
halting seawater intrusion; (2) continuing recharge of the Salinas Valley Groundwater Basin through
summer releases; (3) improving long-term hydrologic balance between recharge and withdraw in the
Salinas Valley Basin; (4) providing a sufficient water supply to meet water needs through the year 2030;
and (5) providing flood protection.
The engineer’s report for the SVWP stated that the proposed modification of the Nacimiento Dam
spillway and associated reservoir reoperation would result in approximately 29,000 acre-feet per year
(average over hydrologic record) of additional stored water that would be available for conservation
releases (i.e., recharge of the groundwater aquifers) and downstream diversion (RMC, Inc. 2003). This
estimate of additional water supply yield is outdated because of subsequent requirements for fish flow
releases and increasing demands by San Luis Obispo County for its reserved share of water supply yield.
MCWRA funds the SVWP through a special assessment tax within the Zone 2C zone of benefit (Fund
116). These assessments were approved by voters in 2003 by means of a Proposition 218 ballot
measure. This zone covers almost all of the Salinas Valley, but it excludes an area where the Arroyo Seco
River enters the Valley (see Figure 2.0-2).

2.2.2.3

Clark Colony Water Company Diversions

CCWC began diverting water from the Arroyo Seco in 1905 and has continued those diversions ever
since. Diversions are at a concrete grade control structure located 0.8 mile downstream of Elm Avenue.
The current diversion capacity is about 40 cubic feet per second (cfs), and actual diversions in recent
years have averaged about 25 cfs when the system is in operation (Trout Unlimited, 2018). The usual
months of operation are April-August, but in some years diversions have commenced as early as March
or continued as late as October. CCWC diversions have ranged from 1,289 AFY to 16,026 AFY since 1950
and averaged 7,258 AFY. The area receiving irrigation deliveries has gradually decreased from about
4,000 acres to 2,000 acres due to urban growth in Greenfield.

2.2.2.4

Salinas River Stream Maintenance Program

2.2.2.5

Permitting of Well Construction and Destruction

The Salinas River Stream Maintenance Program is a joint effort of MCWRA, Resource Conservation
District of Monterey County, and the Salinas River Stream Maintenance Program River Management
Unit Association. The Stream Maintenance Program is a coordinated approach to vegetation and
sediment management that is conducted voluntarily by individual property owners, growers, and
municipalities along the main stem of the Salinas River (river miles 2 to 94) and three tributaries (that do
not include the Arroyo Seco). The program manages vegetation and sediment in specific areas along the
river to maximize flood flow capacity, minimize bank erosion and enhance habitat value.
The Monterey County Health Department (MCHD) has primary regulatory authority over well
construction permitting in the Salinas Valley Groundwater Basin with MCWRA providing technical
review and assistance. The Environmental Health Bureau (EHB) of MCHD issues the permits to construct,
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repair, modify, or destroy all domestic, irrigation, agricultural, cathodic protection, monitoring, or heat
exchange wells within the County. Contractors must have a current C57 license from the State of
California. Applications for well permits are signed by the property owner and submitted to EHB by the
licensed contractor. The Monterey County Water Resources Agency (MCWRA) reviews well permit
applications, performs well impact assessments, and maintains a well data base for Monterey County.
The application is also provided to all other interested agencies for review and comment. Restrictions
related to septic system setbacks are considered.
During construction, the EHB reviews and approves the proposed seal prior to construction and
observes placement of the seal. Well completion reports are required under California Water Code
Section 13752 and are submitted to MCWRA. New wells with a discharge pipe three or more inches in
inside diameter are required to be registered with MCWRA within 60 days after completion of the well.
After construction, the following forms must be submitted to MCWRA with the well registration:
•
•
•
•

Well Completion Report filed with State of California Department of Water Resources (DWR)
Monterey County Well Permit with all information required as a condition of the permit
Geophysical logs
Detailed map showing well location and area served by water from this well

EHB requires that a continuous source/capacity test be performed on wells that are proposed for
domestic supply or connection to a water distribution system. The capacity test must be completed by a
hydrogeologist, engineer, or contractor approved by the Director of Environmental Health, be observed
by the Drinking Water Protection Services, and comply with the revised Water Works Standards in
Chapter 15 of Title 22 of the California Code of Regulations.
Single connection domestic wells are required to be tested for inorganics (aluminum, antimony, arsenic,
asbestos, barium, beryllium, cadmium, chromium, chromium VI, cyanide, fluoride, mercury, nickel,
nitrate (NO3), nitrite (NO2), perchlorate, selenium, and thallium), secondary standards (total dissolved
solids, specific conductance, chloride, sulfate, calcium, magnesium, potassium, sodium, iron,
manganese, carbonate, bicarbonate, hydroxide alkalinity, total hardness, methylene blue active
substances, copper, zinc, silver, color, odor, turbidity, pH, MTBE, and thiobencarb), and coliform
bacteria. A California Environmental Laboratory Accreditation Program Certified Laboratory must
conduct the water quality tests.
The permitting requirements for well destruction are similar to those for well construction, except that
capacity tests and water quality tests are not required. MCWRA requires that all wells be properly
constructed and maintained during their operational lives, and properly destroyed after their useful lives
so that they not adversely affect groundwater quality.
During 2010-2018, MCWRA and EHB issued well construction permits for 266 domestic wells, 181 high
capacity wells and a few wells of other types throughout Monterey County. The high capacity wells were
almost all irrigation wells in the Salinas Valley (Kwiek, 2019).

2.2.2.6

Irrigated Lands Regulatory Program

The Irrigated Lands Regulatory Program (ILRP) includes monitoring and management elements. The
monitoring program was described in Section 2.2.1.3 “Groundwater Quality”. In the Central Coast
Region—which includes the Salinas Valley—the most recent ILRP requirements were issued in 2017
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under Order R3-2017-0002. This order was in the form of a conditional waiver of waste discharge
requirements for discharges from agricultural lands and is colloquially referred to as “Ag Order 3”. The
management element of the Order includes a requirement that farms in Tier 2 or Tier 3 (the middle and
high-risk categories for pollution potential) calculate the nitrogen requirement of each crop planted and
file a Total Applied Nitrogen Report electronically to the Central Coast Regional Water Quality Control
Board (RWQCB). Reports are due annually on March 1 for all crops harvested the preceding calendar
year. “High risk” crops that earn a Tier 2 or 3 ranking include the following: beet, broccoli, cabbage,
cauliflower, celery, Chinese cabbage (Napa), collard, endive, kale, leek, lettuce (leaf and head), mustard,
onion (dry and green), spinach, strawberry, pepper (fruiting), and parsley. Vineyards have relatively low
nitrogen and irrigation requirements and consequently generate relatively little percolation of excess
nitrogen below the root zone. The Total Nitrogen Applied report must account for all nitrogen inputs,
including from soil, irrigation water, compost, or fertilizers. It must also include a discussion of the “basis
of nitrogen applied” as fertilizer. This reporting requirement forces growers to quantify actual crop
nitrogen requirements, account for non-fertilizer sources of nitrogen and limit additional application of
nitrogen to only the remaining amount needed.

2.3 LAND USE AND LAND USE PLANNING
Existing land use is periodically inventoried by several agencies for different purposes using different
categories. These are described below and evaluated in terms of their usefulness for estimating
groundwater recharge, groundwater pumping and salt and nutrient loading. Current and historical land
use are presented and discussed in section 3.2 “Historical, Current and Future Groundwater Conditions”.
2.3.1 Federal and State Lands Management
Two-thirds of the Arroyo Seco watershed is occupied by federal lands. The upper part (59 percent) is in
Los Padres National Forest, and almost all of that land is in the Ventana Wilderness Area. No
development is allowed in the wilderness that would alter hydrology or water use. The chaparral and
forest ecosystem is prone to natural wildfires, which alter storm runoff and stream base flow patterns
over a period of years as vegetation regrows. In the Los Padres National Forest land management plan,
the desired condition for the few non-wilderness lands in the Arroyo Seco watershed is that they be
“maintained as a naturally evolving and natural appearing landscape that functions as a wilderness
entry” (USFS, 2005).
The U.S. Bureau of Land Management manages several tracts of land (totaling 6 percent) in the lower
part of the watershed and also manages a 27.5-acre parcel on the Salinas River about 3.5 miles
northwest of Greenfield.
There are no state-owned lands of significant size in the ASGSA area or the Arroyo Seco watershed.
2.3.2 California Department of Water Resources
The California Department of Water Resources has mapped land use in agricultural areas for decades.
Historically, surveys were made at most every seven years. The most recent of those surveys for the
Forebay Subbasin were in 1976 (paper copy only) and 1997 (downloadable digital shapefiles). Those
maps were prepared using aerial photographs combined with on-the-ground surveys. Numerous
mapping categories were delineated, including nine agricultural classes, five urban classes and three
natural vegetation classes, all with up to sixteen subclasses (DWR 1999).
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In recent years, DWR has switch to satellite-based remote sensing methods to map specific crops based
on their spectral reflectance signature. A statewide map was prepared documenting land use in summer
2014. The spatial resolution is as high as for the previous land use maps—individual fields can be seen—
but the number of mapping categories is much smaller: ten agricultural classes, one class for urban
areas and one class for natural vegetation, with no subcategories for any of the classes. The new
method provides statewide, field-scale crop maps by digitally merging satellite and aerial imagery,
LandSat satellite spectral images and ground-truth surveys to train the algorithm that matches imagery
and spectral analysis to crop type (LandIQ Inc., 2017). The aerial imagery was from the U.S. Department
of Agriculture’s National Agricultural Imagery Program (NAIP), which is updated annually. The statewide
land use data can be downloaded from the SGMA Data Viewer website
(https://sgma.water.ca.gov/webgis/?appid=SGMADataViewer ).
2.3.3 Monterey County Agricultural Commissioner
The County Agricultural Commissioner tabulates crop acreages and crop values in annual reports dating
back to 1929, scanned copies of which can be downloaded from
http://www.co.monterey.ca.us/government/departments-a-h/agricultural-commissioner/formspublications/crop-reports-economic-contributions#ag. These reports provide county-wide totals only.
Hence, they are useful for tracking general changes in crop patterns over time but not for mapping.
2.3.4 California Department of Conservation
The Farmland Mapping and Monitoring Program (FMMP) of the California Department of Conservation
produces maps and statistical data used for analyzing impacts on California’s agricultural resources.
Agricultural land is rated according to soil quality and irrigation status; the best quality land is called
Prime Farmland. The maps are updated every two years with the use of a computer mapping system,
aerial imagery, public review, and field reconnaissance. An emphasis is on conversion of agricultural land
to urban or other uses. The maps do not identify specific crops.
2.3.5 Monterey County General Plan
The General Plan is the basis for land use planning in Monterey County. It contains maps indicating the
types of land uses permissible on parcels throughout the County. The most recent comprehensive
General Plan update was completed in 2010 and included the land use designations map shown in
Figure 2.3-1. Almost all of the ASGSA area outside the City of Greenfield is designated as “farmlands” on
which any normal agricultural activities are permitted, and where parcels sizes are generally 40 acres or
more. Buildings may occupy no more than 5 percent of the parcel area (50% for greenhouses). A few
small slivers of the ASGSA area overlap the “permanent grazing” land use region that extends up into
the foothills of the Sierra de Salinas. The General Plan also includes an agricultural element that clarifies
that the farmlands land use category allows routine and ongoing agricultural activities. Activities
relevant to groundwater include tilling, grading, irrigation and tailwater ponds.
2.3.6 City of Greenfield General Plan
The Growth Element and Land Use Element of the General Plan adopted by the City of Greenfield in
2005 contain policies and programs that affect water use and groundwater recharge in the city. All
development is expected to connect to the municipal water and sewer systems (Policies 4.1.3, 4.2.2 and
4.10.5). Water conservation is encouraged (Policies 4.10.2 and 4.10.8). Use of recycled water is also
encouraged (Policy 4.10.6). However, none of the municipal wastewater is currently recycled. The City’s
2015 Urban Water Management Plan concluded that using recycled water is not economically viable
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given the anticipated extra costs for treatment and distribution. There presently are no plans for
upgrading the treatment process or constructing a recycled water distribution system. Treated
wastewater is percolated into the groundwater basin in ponds at the City’s wastewater treatment
facility near the Salinas River.
Urban stormwater is collected by curb-and-gutter infrastructure and directed to 37 stormwater
detention basins distributed throughout the City, where much of the water percolates into the ground.
Ponds at the wastewater treatment plant near the Salinas River provide additional stormwater
percolation capacity. The General Plan recommends exploring the feasibility of a more centralized
stormwater management system that would discharge to the Salinas River (Policy 4.12.7). Such a system
could decrease local groundwater recharge.
The population of Greenfield increased at annual rates of nearly 7 percent during the 1990s and nearly 3
percent from 2000 to 2010. The General Plan anticipates continued growth in population and urban
area, but it promotes compact urban growth (Policy 2.6.1). The Plan designates a sphere of influence for
future urban growth that would increase the size of the city by 75 percent (from 1,372 acres to 2,397
acres). The expansion areas are all currently in agricultural production.
2.3.7 Interaction of GSP and Land Use Plans
The conversion of agricultural land to urban use anticipated in the City of Greenfield General Plan could
change the net consumptive use of groundwater. This potential effect was evaluated by comparing the
per-acre consumptive use of groundwater by truck crops, vineyards, and urban areas in the City of
Greenfield. These land uses were simulated using a rainfall-runoff-recharge model (described in detail in
the Water Balance Section). The calculated net consumptive use of groundwater in Greenfield was
slightly lower than for truck crops and vineyards because of lower percentage of irrigated area and
recharge contributions from leaky pipes and stormwater percolation.
These calculations indicate that urbanization of agricultural land will not tend to increase net
consumptive use of groundwater. If that proves not to be the case, options to decrease municipal net
consumptive use include “low-impact development” stormwater management that increases on-site
infiltration of stormwater, and increased use of recycled municipal wastewater. Note that wastewater
already recharges the groundwater basin at the wastewater treatment plant two miles northeast of
downtown Greenfield. Use of recycled water on agricultural lands or within the city would offset current
groundwater pumping for those uses and thus shift the location of the change in groundwater balance.
Except for gradual urban growth, this GSP anticipates a continuation of current agricultural land use in
and near the ASGSA area. There is no foreseeable shift from the current dominance of truck crops and
vineyards. Local growers participating in the advisory committee thought that a small amount of
vineyard expansion might occur along the southwestern edge of the Arroyo Seco Cone, but probably not
more than 300 acres. Consequently, implementation of this GSP would not significantly alter existing
patterns of groundwater recharge and pumping.
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3 BASIN SETTING
3.1 HYDROGEOLOGIC CONCEPTUAL MODEL
The ASGSA area is located on the alluvial fan of the Arroyo Seco, which is a cone-shaped geomorphic
feature that slopes radially outward from the point where the Arroyo Seco enters the Salinas Valley
down to the Salinas River. Subsurface geology and groundwater flow transition from Arroyo Seco
dominance at the apex of the fan to Salinas River dominance at the toe of the fan. Because of its shape,
the alluvial fan is often referred to as the Arroyo Seco Cone.
The Arroyo Seco watershed is large, steep and wet: 240 square miles with elevations up to nearly 5,000
feet and average annual rainfall of 70 inches at the watershed divide. As a result, the river is capable of
delivering large amounts of sediment to the Salinas Valley, and much of that material is deposited on
the alluvial fan. Over geologic time, the accumulation of sediments on the fan has pushed the Salinas
River to the far eastern edge of the Salinas Valley as it passes the Arroyo Seco (see Figure 2.0-1). The
stream gradient and flow velocity of the Arroyo Seco decrease as the river transitions from a mountain
canyon to the alluvial fan. Coarse sediments are the first to be deposited, followed by progressively finer
materials in overbank areas and farther down the fan. This pattern is characteristic of alluvial fans
(Weissman and others, 2005).
The distinct hydrogeologic conditions associated with the Arroyo Seco alluvial fan have long been
recognized: coarse sediments, abundant river recharge and good water quality. Many previous studies
of Salinas Valley groundwater subdivided the Valley into subareas, usually including the Arroyo Seco
alluvial fan as a separate subarea. These include an early, comprehensive study of Salinas Valley
groundwater (California Division of Water Resources Bulletin 52-A, 1949), a local hydrogeologic study
(Feeney, 1994a), the Monterey County groundwater management plan (MCWRA, 2006), the recent
State of the Salinas River Groundwater Basin report (Brown and Caldwell, Inc., 2015), and the current
Basin Plan for water quality management (Central Coast Regional Water Quality Control Board, 2011).
The delineations used in those studies are shown in Figure 3.1-1. The ASGSA area occupies roughly the
southern two-thirds of the Arroyo Seco Cone.
3.1.1 Topography
Contours of ground surface elevation are shown in Figure 3.1-2. The ground surface slopes in a
northeastward direction from an elevation of about 440 feet above sea level (NAVD88) at the apex of
the Arroyo Seco Cone near the Elm Avenue bridge to about 220 feet at the Salinas River at the eastern
edge of the ASGSA area. The arcuate shape of the contours near Greenfield confirm the roughly conical
shape of the alluvial fan. The ground slope is steep enough (approximately 15 feet per mile) that few
fields are laser-leveled. Irrigation is by sprinkler and drip, not furrow.
The current channel of Arroyo Seco is incised as much as 40 feet below the fan surface in the upper part
of the Cone, decreasing to about 15 feet near Arroyo Seco Road. A low escarpment parallel to the left
bank of Arroyo Seco along the upper half of the Cone is the edge of a geomorphic terrace known locally
as the “bench”.
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3.1.2 Watersheds and Surface Water Bodies
The watershed boundary of the Salinas River (excluding areas upstream of the confluence with the
Nacimiento River) is shown in Figure 3.1-3. Sub-watershed boundaries are shown down to hydrologic
unit level 12. These Watershed Boundary Dataset delineations were developed by the U.S. Geological
Survey using consistent nationwide criteria and can be downloaded from https://www.usgs.gov/corescience-systems/ngp/national-hydrography/watershed-boundary-dataset . Most of the boundaries are
identical to those in the California Interagency Watershed 2.2.1 map, but there are a few differences.
For example, the Watershed Boundary Dataset provides more detailed delineation of sub-watersheds
on the floor of the Salinas Valley.
The Arroyo Seco watershed covers 273 square miles on the eastern slopes of the Sierra de Salinas. It
contains no reservoirs and is the largest unregulated tributary to the Salinas River. Reliz Creek is a much
smaller tributary (24 square miles) that drains the lower flanks of the same mountains and joins the
Arroyo Seco downstream of the Elm Avenue bridge. Farther south, two tributaries with watersheds
slightly larger than the Arroyo Seco watershed drain the eastern slopes of the Santa Lucia Range: the
San Antonio River and the Nacimiento River. Both of these have large reservoirs that are part of the
SVWP and release water for percolation along the Salinas River. Nacimiento Reservoir was completed in
1956 and has a capacity of 377,000 acre-feet (AF). San Antonio Reservoir was completed in 1965 and has
a capacity of 350,000 AF.
3.1.3 Surficial Geology
Surficial geology in the Salinas Valley region has been mapped on a quadrangle basis and at regional
scales by various authors at various times for various purposes. Monterey County had these primary
sources reviewed and consolidated into a unified, seamless, digital geologic map for the seventy-nine
1:24,000 scale quadrangles that cover Monterey County. The mapping units are based primarily on age
and texture, only occasionally by formation name. Surficial geology from the County map is shown for
the ASGSA area in Figure 3.1-4 and was downloaded from the County’s GIS data portal
(http://montereycountyopendata-12017-01-13t232948815z-montereyco.opendata.arcgis.com/ ).
Within the ASGSA area, surficial geologic units are alluvial fan deposits, older and younger flood plain
deposits and stream channel deposits, which range in age from late Pleistocene to recent. The alluvium
consists mainly of unconsolidated gravel, sand and silt. The gravels are sandy and poorly sorted. Sand
and silt units are interbedded with the gravels and are commonly massive and friable and sometimes
calcareous. The older alluvium consists of unconsolidated or semi-consolidated sandy gravel that
includes cobbles and boulders derived from the various consolidated bedrock units in the Arroyo Seco
watershed (Durham 1974). Flood plain deposits are typically finer in texture than alluvial fan and stream
channel deposits, and in this area, they are located primarily at lower elevations around the periphery of
the Arroyo Seco alluvial fan.
Surrounding parts of the Salinas Valley floor also contain unconsolidated fluvial and alluvial fan deposits
of similar ages. Higher up in the Arroyo Seco watershed, the dominant rock types in approximate
decreasing order of abundance are gneiss, Monterey Formation (shale), granite/granodiorite/quartz
monzonite, sandstone and marble. These are the source materials for the sands and gravels present in
the valley floor alluvium.
Flood plain and stream terrace deposits are present at various elevations along the Arroyo Seco on and
upstream of the alluvial fan. These deposits and the current incision of the channel are the result of
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changes in sea level during the Pleistocene and Holocene Epochs and associated adjustments of the
river elevation profile (Taylor and Sweetkind, 2004).
Structurally, the Sierra de Salinas and Santa Lucia Range along the southwest side of the Salinas Valley
are geologic blocks that have been thrust upward relative to the Salinas Valley block. North of the
Arroyo Seco, the fault that separates the Sierra de Salinas from the Salinas Valley is the King City Fault.
The Reliz Fault continues southward and crosses the Arroyo Seco. Previous geologic reports differ in the
continuity and naming of segments of the fault system that runs along the base of the Sierra de Salinas.
In any case, the Reliz Fault offsets the Paso Robles Formation near the Arroyo Seco but not the overlying
alluvial deposits (Durham, 1974). On the northeastern side of the Salinas Valley, the valley block has
been similarly down-dropped relative to the block that forms the Gabilan Range.
Surficial geology relates to soil depth and development, which affect vegetation and rainfall recharge.
Subsurface geology of the basin fill has a more direct influence on groundwater flow and storage. Soils
and basin fill materials are described in the next sections.
3.1.4 Soils
Soils throughout Monterey County have been mapped by the United States Natural Resources and
Conservation Service, and digital versions of the maps are available for downloading from the NRCS
website at https://websoilsurvey.nrcs.usda.gov/app/WebSoilSurvey.aspx . Figure 3.1-5 shows the soils
map for the ASGSA and surrounding areas. The region shown in the figure included over 100 unique
mapping categories. Not all of the distinctions among categories are important to groundwater
recharge. The most important factors are available water capacity and permeability, which generally
correlate with soil texture. Accordingly, the map units shown in the figure have been grouped by soil
texture. Table 3.1-1 lists the acreage of each soil texture category within the ASGSA area. Over half of
the surface of the ASGSA area is covered by soils with coarse textures (gravelly or sandy loam, sand, or
gravel). Coarse textures promote infiltration over runoff and are characterized by a low available water
capacity, which tends to increase deep percolation beneath the root zone.

Table 3.1-1 Soil Types in the ASGSA Area
Texture

Series
Clay
Alo, Clearlake, Cropley
Silty or clay loam
Chamise, Docas, Elder, Linne, Lockwood,
Mocho, Nacimiento, Pacheco, Rincon, Salinas,
Shedd
Loam
Chualar, Lockwood, Xerorthents
Gravelly or sandy loam Arroyo Seco, Elder, Fluvents, Metz, Pico,
Placentia
Sand
Tujunga, Xerorthents
Gravel
Metz Complex, psamments and fluvents
Other
Dune lands,pits and dumps, Xerorthents
Total
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Total
720
3%
6,917
31%

Acres

2,251
9,267

10%
42%

1,010
1,938
205
22,308

5%
9%
1%
100%
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Other soil factors that affect groundwater recharge include slope, hydrologic group, depth to bedrock,
and layering within the soil profile. These factors were also considered when delineating zones for
groundwater recharge analysis, as described in Section 3.3 “Water Budget Information”.
3.1.5 Basin Fill Materials
A comprehensive regional geologic investigation of the southern Salinas Valley was completed by the
U.S. Geological Survey in 1974 (Durham, 1974). That study characterized the complete geologic history
of the region and the lithologic characteristics and stratigraphic relations of the geologic formations.
Detailed mapping and characterization of basin fill materials in the Arroyo Seco Cone area was
completed in 1994 (Feeney, 1994a). That study focused on developing texture-based geologic cross
sections of the upper few hundred feet of basin thickness to evaluate groundwater flow, recharge and
stream-aquifer interactions.
Surficial geologic materials on the Arroyo Seco Cone and surrounding parts of the Salinas Valley are
relatively thin—probably less than 100 feet thick in most places (Durham, 1974). These young,
unconsolidated alluvial and fluvial deposits are underlain by the Paso Robles Formation, which is a
slightly older (Plio-Pleistocene) formation consisting of continental deposits. Except for generally greater
consolidation, Paso Robles sediments are similar to the surficial deposits: layers a few feet thick of
gravels, sand, silts and clays. The Paso Robles Formation is buried on the Salinas Valley floor but
outcrops in several places in the foothills of the adjacent mountains, including adjacent to both sides of
the Arroyo Seco at the apex of the alluvial fan. The thickness of the Paso Robles Formation is about
1,400 feet in the Arroyo Seco Cone area, which means it is the primary formation tapped by water
supply wells. The Paso Robles Formation is underlain by the marine Pancho Rico Formation, which has
generally poor water quality.
The permeability of basin fill materials can be estimated from aquifer tests, well specific capacities and
calibration of groundwater flow models. Feeney (1994a) found no records of formal aquifer tests in the
Arroyo Seco Cone area but was able to estimate aquifer transmissivity from specific capacity data for
eight wells. Specific capacity averaged 127 gallons per minute per foot of drawdown (gpm/ft; range was
42.5-317.9). Converting those values to estimates of transmissivity and dividing by the length of the
perforated interval of the well screen produces estimates of hydraulic conductivity (a variable
representing aquifer permeability) of 437 feet per day (ft/d; range 144-1,063). These values are typical
for sediment textures ranging from clean sands to gravels (Freeze and Cherry, 1979).
A recently developed groundwater flow model of the Salinas Valley had calibrated hydraulic conductivity
values ranging from 25 ft/d along the northeastern edge of the ASGSA area at the toe of the Arroyo Seco
Cone to about 600 ft/d along the southwestern edge near the apex of the Cone (Durbin, 2018).
Specific yield (Sy) is a measure of the ability of an aquifer to store water. It represents the amount of
water that would drain under gravity from a 1-foot depth interval just below the water table if the water
table drops by 1 foot. A much smaller component of storage derives from the compressibility of water
and aquifer geologic materials. Feeney (1994a) estimated the average specific yield for the top 100 feet
of sediments from geologic logs for 19 wells in the Arroyo Seco Cone area. He assigned a specific yield
value to each layer in the log based on its texture using the method of Evenson and others (1962). The
depth-averaged Sy for individual wells ranged from 4.8 to 23.5 percent and averaged 16.6 percent.
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3.1.5.1

Cross sections

The subsurface distribution of sediment textures was investigated by preparing texture-based geologic
cross sections from available borehole data. Three of the seven geologic cross sections developed for
the 1994 report were selected for inclusion in the GSP, and three additional cross sections were
developed to cover the ASGSA area more completely. The locations of the cross sections are shown on
the geologic map (Figure 3.1-4) and the cross sections are shown in Figures 3.1-6 through 3.1-11. The
geologic materials recorded in the well completion reports were divided for the purpose of this GSP into
the following texture categories: sand, gravel, clay, sand/gravel/clay mixtures, and bedrock. The cross
sections do not differentiate on the basis of formation name because most of the textures can be found
in all of the formations, making the contacts between formations difficult to identify in boreholes.
In all cross sections, layering of texture units is discontinuous. Correlation of individual layers among
boreholes is poor or speculative over distances greater than about 200 feet. There are a few broad
patterns that tentatively emerge from a review of all of the cross sections together. Coarse materials
(sands and gravels mixed with relatively little clay or silt) are common throughout the basin thickness in
almost all parts of the basin. Although the Arroyo Seco has probably changed its course down the
alluvial fan over geologic time, subsurface materials along the present alignment are almost exclusively
coarse-grained over the full depth of the cross sections (see sections 1-1’, 3-3’, 5-5’ and 6-6’). This
implies that percolation of water from the creek channel is able to recharge the full depth of the section.
There might be a slight trend toward increased abundance of fine-grained materials in the southeastern
part of the ASGSA area near King City (see sections D5-D5’, 8-8’ and 9-9’). In terms of depositional
processes, this would be the expected result if periodic heavy deposition on the Arroyo Seco alluvial fan
temporarily blocked the Salinas River, creating a backwater condition where fine materials would tend
to settle out. Finally, the cross section along the Salinas River (9-9’) shows a pattern of consistently finegrained material at depths greater than about 200 feet below the ground surface.
No faults have been previously mapped that affect basin fill materials younger than the Paso Robles
Formation within the alluvial fan or nearby areas on the Salinas Valley floor. The updated cross sections
also show no evidence of faulting, although faulting would be difficult to identify given the localized
extent of individual texture layers.

3.1.5.2

Base of basin

The Salinas Valley Basin is underlain by consolidated rocks, but the cross sections do not extend down to
that geologic contact. Based on logs from oil and gas exploration wells and gravity surveys, one study
mapped the buried bedrock surface at about 9,000 feet below ground surface (Durham, 1974). Another
study showed the bedrock surface sloping downward from a depth of 200 feet near the Salinas River at
the eastern edge of the ASGSA area to 2,400 feet close to the Sierra de Salinas along the western edge
of the ASGSA area (Yates, 1988). Although groundwater flow extends to the full depth of the basin, it is
typically very slow below the depths of pumping wells. Also, permeability decreases with depth, and
water quality below the Paso Robles Formation is poor due to the marine origin of the sediments.
3.1.6 Recharge and Discharge Areas
Groundwater recharge in the ASGSA area derives from several sources by various pathways. Each of
these has a different geographic pattern. In general, the entire upper surface of the groundwater system
and the vertical plane separating the ASGSA area from upgradient parts of the Salinas Valley Basin are
recharge areas. In plan view, sources of recharge can be delineated as areas, lines and points, as shown
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in Figure 3.1-12. Dispersed recharge delineated as areas includes deep percolation of rainfall and
applied irrigation water below the root zone. In urban areas it includes percolation of runoff from
disconnected impervious area where it ponds and infiltrates on adjacent pervious soils, and it also
includes leaks from water and sewer pipes. The vertical flux of dispersed recharge varies with land use,
soil characteristics and other factors. In general, recharge is greater on irrigated soils than non-irrigated
soils, partly because of the additional increment of irrigation return flow, but also because the root
depths of vegetable and field crops are generally shallower than the root depths of shrubs and trees in
areas of natural vegetation. The irrigation effect is less pronounced in vineyards, which have relatively
deep roots, low irrigation requirements and high irrigation efficiency. The polygons of dispersed
recharge intensity shown in the figure resulted from recharge modeling described in Section 3.3 “Water
Budget Information”.
Percolation from Reliz Creek, Arroyo Seco and the Salinas River contribute large amounts of
groundwater recharge to the ASGSA area. At the regional scale of the map figure, those sources are
shown as lines. At a local scale, the surface water percolates through an area equal to the wetted area
of the creek or river. Treated municipal wastewater from the City of Greenfield is percolated at ponds
near the Salinas River. Similarly, stormwater retention basins are used to percolate urban runoff in the
City of Greenfield. The wastewater facilities are shown as a point on the map figure. The amounts of
recharge contributed by these sources are quantified in the water balance discussion.
Groundwater inflow is another major source of recharge to the ASGSA area. The general direction of
groundwater flow is parallel to the axis of the Salinas Valley. A reasonable estimate of inflow to the
ASGSA area is the down-valley groundwater flux across its southern boundary.
Groundwater discharge within the ASGSA area and the overall Forebay Subbasin is almost entirely to
wells and subsurface outflow to areas farther down the Salinas Valley. The possible occurrence of
groundwater discharge to streams in wet years is discussed in Section 3.2.6 “Inter-Connected Surface
Water”.
3.1.7 Wells
MCWRA estimates that there were 428 production wells in the Forebay Subbasin (MCWRA, 2017).
Approximately one-fourth of those are within the ASGSA area. Annual pumping in the Subbasin during
2011-2015 averaged 138,600 AFY for agricultural uses and 7,000 AFY for municipal uses. Production per
well averaged 340 AFY and ranged from 0 to about 1,000 AFY (see Figure 2.2-2).
Well construction information was tabulated for a sample of 94 wells with reliable well completion
reports. The distribution of depths to the top and bottom of the perforated interval is shown in Table
3.1-2.
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Table 3.1-2. Perforated Intervals of Wells
Depth in feet to:
Statistic
Domestic (n=26)
Average
Median
Minimum
Maximum
Irrigation (n=52)
Average
Median
Minimum
Maximum

Top of
Perforations

Bottom of
Perforations

268
212
65
700

360
265
124
900

253
200
41
920

404
351
98
980

The City of Greenfield is supplied by three municipal wells. Two are located near 14th Street about 1.5
miles west of the center of town, and the third is at the City corporation yard near 10th and Walnut
Streets. The number of rural wells was estimated by inspection of high-resolution aerial photographs
from 2016. Each rural house was assumed to have a domestic well, and each large cluster of agricultural
buildings was assumed to have a well for agriculturally related uses such as crop processing and
equipment maintenance. By this method, there were potentially 122 rural domestic wells and 56 l wells
for agriculturally related facilities within the ASGSA area. They were distributed throughout the area,
with a slightly higher density close to Greenfield.
Figure 3.1-13 shows the density of domestic wells per square mile as reported by DWR via the SGMA
Data Viewer, and Figure 3.1-14 shows a similar map of the density of production wells. Essentially all of
the production wells in the ASGSA area are irrigation wells. Irrigation wells are distributed throughout
the ASGSA area outside the City, mirroring the distribution of irrigated cropland. The density of irrigation
wells in the CCWC service area is similar to the density in adjacent agricultural areas. The shareholders
of CCWC receive surface water from the CCWC system when surface water is available and supplement
it with groundwater during periods of low availability. This conjunctive management ensures supply
reliability while obtaining the benefits of high water quality and energy savings associated with surface
water (CCWC deliveries are by gravity flow).
Within the ASGSA area, water is not piped long distances from wells in favorable pumping locations to
fields far away. However, just outside the northwestern boundary of the ASGSA area (roughly near Clark
Road and Arroyo Seco Road), groundwater is pumped to supply vineyards in hilly areas to the west,
where wells are not sufficiently productive. This concentration of groundwater pumping is a likely cause
of slight long-term declining trends in groundwater levels in that area.
3.1.8 Mineral Resources
At present, there is no active extraction of mineral resources in the ASGSA area. In the 1970s and 1980s
oil and gas were produced from a 72-acre site named the Monroe Swell located where the southern
boundary of the Forebay Subbasin intersects the western boundary of the Upper Valley Subbasin
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(California Department of Conservation 1992, 2015). This site is about 2 miles south of the southern
boundary of the ASGSA area.

3.2 HISTORICAL, CURRENT AND FUTURE GROUNDWATER CONDITIONS
A GSP must describe groundwater conditions and water budgets for historical, current and future
conditions. Section 354.18(c) of the SGMA regulations require that the historical period include at least
10 years, current conditions must reflect the “most recent” data, and the future period must extend 50
years into the future. Because of the high variability of rainfall and stream flow and the relatively slow
response of groundwater conditions to changes in inflows and outflow, a single year is not suitable for
representing groundwater conditions. Ideally, each analysis period should include a period of years
during which rainfall and/or stream flow equaled the long-term average and that includes a range of
year types.
Several historical events and trends have substantially altered groundwater conditions in the ASGSA
area:
•

•

•
•

Construction of Nacimiento and San Antonio Reservoirs, which began modifying Salinas River
flows in 1957 and 1965, respectively. A central consideration in this GSP is whether groundwater
conditions in the Arroyo Seco GSA are sustainable regardless of operation of the reservoirs.
Implementation of the SVWP beginning in 2010. This change in Salinas River flow regime
included reservoir reoperation to provide instream flow requirements for steelhead trout and
water supply deliveries to the SRDF. In constructing the Salinas River Diversion Facility, MCWRA
engaged in Section 7 consultation with the National Marine Fisheries Service (NMFS). NMFS
issued a biological opinion addressing project impacts on steelhead trout, which are federally
listed as a threatened species. NMFS developed a complex flow prescription specifying the
timing and amounts of reservoir releases needed to facilitate fish migration up and down the
river. The fish flow requirements were subsequently incorporated into an amended water rights
permit issued by SWRCB to MCWRA in 2008 for its diversion and storage in the Nacimiento
Reservoir. The requirements were also incorporated into the Nacimiento Dam operation policy
(last updated by MCWRA in 2018).
A shift in the dominant crops from field crops prior to 1965 to the current mix of vineyards and
truck crops, with most of the vineyard acreage planted between 1965 and 1975.
A gradual shift from sprinkler irrigation to drip irrigation in recent decades and concurrent
implementation of urban water conservation practices.

On top of these changes, droughts and wet periods have pronounced effects on groundwater levels.
Accordingly, selection of periods representative of historical, current and future conditions was guided
by annual Arroyo Seco discharge as well as by changes in land use and reservoir operation. Figure 3.2-1
shows annual discharge in Arroyo Seco at the gauge “near Soledad” (Elm Avenue bridge) and cumulative
departure of annual discharge for water years 1902-2018. This 117-year period is assumed to represent
long-term average hydrologic conditions. Cumulative departure of rainfall was not used because it did
not correlate with groundwater hydrographs as well as the stream flow data. Specifically, cumulative
departure graphs for annual precipitation at Greenfield and at Salinas (both constructed with missing
data filled by correlation with nearby gauges) both showed the wet period leading up to 1998 as more
prominent than the wet period leading up to 1983, both of which were major El Niño years. In contrast,
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hydrographs of groundwater levels in almost all wells in the Forebay Subbasin were higher in 1983 than
1998, which is the same relative magnitude of the two peaks in the Arroyo Seco cumulative departure
curve.
The cumulative departure curve in the figure can be used to select periods of average climatic
conditions. Sequences of wetter-than-average conditions appear as rising trends in the curve, and
droughts appear as declining trends. If the line connecting the points at the beginning and end of a
period is horizontal, average annual river discharge during that period equals the long-term average.
Noteworthy wet periods included 1906-1917, 1938-1942, 1978-1983, and 1995-1998. Noteworthy dry
periods included 1918-1935, 1946-1966 (except for 1958), 1987-1992, and 2012-2016.
Operation of Nacimiento and San Antonio Reservoirs has a noticeable effect on groundwater levels in
the eastern part of the ASGSA area. There have been three periods of fundamentally distinct reservoir
operation, and a comparison of groundwater levels and water budgets among those periods sheds light
on the role of reservoir operation on groundwater yield in the ASGSA area and in other parts of the
Salinas Valley. Accordingly, four periods were selected to represent pre-dam historical, post-dam
historical, current and future groundwater conditions:
•

•

•

•

Pre-Dam Historical Conditions = 1950-1957. This represents the pre-dam period and the
prevalence of sprinkler-irrigated field and grain crops. This period was also dry; average annual
Arroyo Seco discharge was 76 percent of the long-term average.
Post-Dam Historical Conditions = 1997-2008. This represents cropping, irrigation and urban
water use conditions similar to current conditions, but with reservoir operation prior to
implementation of the SVWP. Average annual Arroyo Seco discharge during 1997-2008 was 102
percent of the long-term average.
Current Conditions = 2010-2015. This represents existing cropping, irrigation and urban water
use conditions, and operation of Nacimiento and San Antonio Reservoirs pursuant to the SVWP
rules and the instream flow requirements for steelhead trout. It ends with the last year
simulated by the groundwater model used to support this GSP. This 6-year period includes a
major drought, so that changes from prior conditions must be carefully interpreted to
differentiate between the effects of changed reservoir releases and the effects of other
drought-related changes in recharge and water use. Average annual Arroyo Seco discharge
during 2010-2015 was 72 percent of the long-term average.
Future conditions = 1966-2015 hydrology plus current land use. Average annual Arroyo Seco
discharge during this 50-year period was 103 percent of the long-term average.

3.2.1 Groundwater Elevations
Hydrographs for 49 monitoring wells in and near the ASGSA area were examined for patterns related to
geographic variations in pumping and recharge. Nearly one-third of the wells have water level records
extending back to the 1949-1957 pre-dam period. Hydrographs for sixteen wells illustrating four distinct
water-level patterns are shown in Figure 3.2-2. In about eight wells close to the Salinas River, waterlevel declines during 2014-2016 were particularly pronounced compared to the relatively steady water
levels in most prior years. Hydrographs for four wells exhibiting this pattern and a map of all eight wells
are shown in Figure 3.2-2a. This pattern is clearly related to the cessation of flow in the Salinas River,
and cumulative declines during the 3-year period were 35-40 feet. Some wells near the Salinas River also
had much more variable water levels prior to 1958, when Nacimiento Reservoir began regulating flow
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and making water supply releases to recharge the groundwater basin in summer (see Figure 3.2-2b for
example hydrographs). Wells higher up on the Arroyo Seco Cone typically have large seasonal variations
in water levels but relatively small cumulative declines during droughts (see Figure 3.2-2c for examples).
This is because there has been some flow and recharge along the Arroyo Seco even during drought years
when Nacimiento and San Antonio Reservoirs hold back Salinas River flow. A pattern of steadily
declining water levels since 1990 was evident in hydrographs for several wells northwest of the ASGSA
area, generally between Arroyo Seco Road and Los Coches Road (see Figure 3.2-2d for examples). The
declining trend likely resulted from increased pumping in that area to irrigate vineyards in uplands to
the west, many of which were planted in the 1990s.

3.2.1.1

Pre-Dam Historical

During the pre-dam historical period (1950-1957) groundwater levels fluctuated more widely in wells
near the Salinas River, as described above and illustrated in Figure 3.2-2b. Management of Salinas River
flows beginning in 1958 reduced the fluctuations but did not appear to consistently raise or lower
groundwater levels in the ASGSA area, at least in normal and wet years.
Water-levels were measured in fewer wells during the pre-dam period than currently, and contouring is
consequently less reliable. Nevertheless, the contours of groundwater elevation in February 1952 in
Figure 3.2-3 show down-valley gradients from Salinas River recharge and a northeastward gradient from
Arroyo Seco recharge.

3.2.1.2

Post-Dam Historical

Groundwater levels were generally stable in normal and wet years since the reservoirs began operating.
Droughts have had pronounced but temporary effects on groundwater levels, particularly when
accompanied by curtailment of reservoir releases. Temporary water-level declines of 10-35 feet
occurred at most wells during four notable droughts since 1949: 1959-1961, 1976-1977, 1987-1990 and
2012-2016. The maximum water-level decline at each well during each drought was estimated visually
from the hydrographs and plotted on Figure 3.2-4 to facilitate a comparison of the droughts. The decline
at most wells became progressively larger with each successive drought. This was not likely the result of
gradual changes in the fundamental hydrologic system, but rather to the coincidence that the more
recent droughts were more intense than the earlier ones. Drought severity as indicated by the
cumulative precipitation deficit and the number of years of curtailed reservoir releases are shown at the
top of the figure. For example, the cumulative precipitation deficit during 1976-1977 was only 70
percent of average annual precipitation, and reservoir releases continued throughout the drought. In
contrast, the cumulative deficit during 2012-2016 was 208 percent of average annual precipitation, and
reservoir releases were discontinued for three years. Alternative reservoir operation that shortened the
period without reservoir releases could have reduced the amount of water-level decline during 20122016.
This period includes 1998, when groundwater levels at most wells were very high. Contours of those
elevations are shown in Figure 3.2-5. The elevations show a gradient from 230 feet near the boundary
with the Upper Valley Subbasin and 225 feet in the upper part of the Arroyo Seco alluvial fan to 170 feet
near Soledad. The contour patterns suggest inflow from the Upper Valley Subbasin and recharge from
the Arroyo Seco.

Arroyo Seco ADMINISTRATIVE DRAFT
Groundwater Sustainability Plan

3-10

Todd Groundwater

3.2.1.3

Current

The current period began with operation of the SVWP and continued to the end of the period simulated
by the groundwater flow model. SVWP operation included new reservoir release requirements
mandated by the National Marine Fisheries Service (NMFS) in a biological opinion to prevent the project
from impacting steelhead trout, which are listed as threatened under the federal Endangered Species
Act. The end date of the current period was chosen out of expedience to allow use of the model to
estimate water budgets; reservoir operation has continued unchanged since then.
The flow prescriptions laid out in the 2007 NMFS biological opinion were withdrawn by NMFS in 2016.
However, the flow prescriptions are still included in the amended water rights permit issued by SWRCB
to MCWRA, and they are also in the Nacimiento Reservoir Operating Plan approved by MCWRA in
February 2018. It is expected that NMFS will prepare a habitat conservation plan (HCP) that will update
the flow prescription with a new set of reservoir release requirements. For the purpose of preparing this
GSP, the 2007 flow prescriptions are considered the best available estimate of instream flow
requirements for steelhead trout.
The current period included a major drought and the longest curtailment of reservoir releases since the
reservoirs were built. Under MCWRA’s amended water rights permit issued by the SWRCB, MCWRA was
to release a minimum of 60 cfs from Nacimiento Reservoir. Moreover, MCWRA‘s appropriative rights
permit allows the capture of surplus water only. Rather than following these requirements, MCWRA
reduced the minimum releases and captured natural inflow. Consequently, the lowest historical
groundwater levels occurred during this period, in December 2016. Contours of those elevations are
shown in Figure 3.2-6. The number of data points is greater than in the other contour figures and
reveals localized drawdown effects of pumping at individual wells at different times. The contour shapes
are consequently more undulating. The water levels indicate a gradient from about 195 feet near the
boundary with the Upper Valley Subbasin and 173 feet in the upper part of the Arroyo Seco alluvial fan
to about 130 feet near Soledad. The difference between high and low water levels was greater in the
upper Arroyo Seco Cone area (52 feet) than at the other two locations (35-40 feet). This probably
reflects the tendency for Arroyo Seco recharge to build up a mound of groundwater beneath the alluvial
fan in wet years that drains down the valley during dry years.
Seasonal fluctuations in groundwater levels vary by location. Hydrographs of wells with monthly data
show 25-50 feet of seasonal variation in the upper part of the alluvial fan, decreasing to 5-10 feet near
the Salinas River (see Figure 3.2-2). This is consistent with the aforementioned tendency of the Arroyo
Seco to build a water-level mound during wet periods. Seasonal differences in water levels can also be
seen in water-level contour maps. The recent drought caused atypical seasonal water-level patterns, so
2010 was selected for illustration. Figure 3.2-7 shows groundwater elevations in March 2010, and Figure
3.2-8 shows elevations in October 2010. The contour patterns in March reveal a groundwater mound
beneath the Arroyo Seco that is mostly absent in the October contours, with a seasonal decline of up to
23 feet. At the same time, water levels at the points closest to the Upper Valley Subbasin and to
Soledad—both relatively close to the Salinas River—declined by about 5 feet from March to October.

3.2.1.4

Future

Future groundwater levels were estimated by simulating future “baseline” conditions with the
groundwater model. The assumptions and data included in this simulation were:
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•

Land and water use conditions remained constant throughout the simulation and represented
estimated conditions in 2070 (50 years into the future).

•

Greenfield population, area and water use grew linearly during the 50-year simulation at the
average historical population growth rate that occurred during 1990-2015. The estimated 2070
population is 42,870 people, or 2.5 times the 2015 population.

•

Irrigated area, crop types, irrigation methods and irrigation efficiencies remained the same as in
recent years, except that 630 acres of cropland adjacent to the current City limits was assumed
to be converted to urban use.

•

Rainfall, ET and unregulated streamflow followed the same hydrologic sequence as during the
model calibration simulation (water years 1949-2015).

•

CCWC diversions from the Arroyo Seco repeated the sequence that occurred during 1949-2015.

•

Reservoir operations and Salinas River flow at Bradley reflected the current (February 2018)
Nacimiento Dam Operation Policy, including fish releases per the 2007 biological opinion and
delivery to San Luis Obispo County of its full entitlement of 17,500 AFY every year.

Future groundwater levels will depend primarily on changes in consumptive groundwater use within the
ASGSA area, changes in water levels in adjacent parts of the Salinas Valley Basin, and changes in
reservoir operation. Members of the Advisory Committee—many of whom are long-time residents and
farmers in the Greenfield area—do not foresee significant changes in total irrigated area or crop mix in
the ASGSA area. A few hundred acres of presently uncultivated hillslopes along the western edge of the
ASGSA area could potentially be put into grape production, but current market conditions do not favor
increased grape production, and the percentage increase in total irrigated area would be small in any
case. Similarly, it is difficult to predict crop trends far into the future, but the current mix of grapes and
truck crops has been stable for a couple of decades and shows no signs of changing. The City of
Greenfield is expected to continue growing in population. Future development is likely to be more
compact on average than historical development, so on a percentage basis the expansion in urban area
is likely to be smaller than the increase in population. United States Census data show that population
growth has been somewhat uneven and slowing slightly since 1990. The overall (non-compounded)
growth rate during 1990-2015 was 5.0 percent per year. If this rate continues for the next 50 years,
population will increase by a factor of 2.5. The current city limits encompass 1,370 acres (excluding the
wastewater treatment plant near the Salinas River). That area was counted as urban in the land use
tabulations. However, only 1,040 acres was actually developed as of 2018, based on inspection of aerial
photographs. If future development were at the current average density, the developed area 50 years
from now would be about 2,600 acres. However, the 2005 City general plan states that “Greenfield is
committed to compact city growth”, which implies that future density will be higher. In that case, the
developed area in 50 years might be more on the order of 2,000 acres, which is 630 acres more than the
area currently counted as urban in the land use and water balance calculations. Most of the lands
immediately adjacent to developed areas are currently producing truck crops.
This urban growth would increase overall groundwater pumping but also increase municipal wastewater
percolation, both of which would locally affect groundwater levels. Gross pumping to irrigate 630 acres
of truck crops averages about 2,200 AFY (1,870 AFY net pumping, allowing for irrigation return flow).
Applying the 2015 average per-capita water use in Greenfield (120 gpcd) to the 25,721 anticipated
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additional residents over the next 50 years obtains an estimated 3,457 AFY increase in municipal
pumping. The additional pumping will lower groundwater levels near municipal wells. Most of the City’s
pumping is currently from wells near 14th Street west of town, but additional wells in unknown locations
will undoubtedly be drilled in the next 50 years. Two-thirds of the produced water will be percolated at
the wastewater treatment plant, raising groundwater levels in that area.
Similar assumptions were applied to other parts of the Salinas Valley. Crop types and cropped area were
assumed to remain at existing conditions except for urbanization of agricultural lands around Salinas,
Soledad and King City indicated in the County General Plan.
Hydrographs of simulated water levels under future baseline conditions at eight wells in or near the
ASGSA area are shown in Figure 3.2-9. Historical measured water levels and water levels from the
historical calibration simulation are also shown for comparison. Differences between the calibrated
historical water levels and the future baseline water levels indicate changes in the water level regime
that can be expected under future baseline conditions. Three patterns emerged from an examination of
the hydrographs. For the four wells in the middle and upper Arroyo Seco Cone region (labeled 15M01,
25F01, 01H01 and 11C01 on the hydrograph location map) future baseline water levels were sometimes
higher and sometimes lower than historical water levels by up to about 5 feet. The differences between
the hydrographs are small relative to the range of fluctuation within each hydrograph. The second
pattern occurred in wells near the Salinas River near the north end of the ASGSA area (wells 02N01 and
18D01). When water levels were high, the calibration and future hydrographs were similar, but future
water levels tended to be lower when water levels were low—by about 8 feet during 1987-1992 for
example. The third pattern occurred at the two wells near the Salinas River at the upstream end of the
ASGSA area (wells 03H02 and 10P01). Future baseline water levels were similar to or higher than
historical calibration water levels. This difference increased during the second half of the simulation and
reached as much as 25 feet during 2013-2015.
The differences between future baseline and historical water levels at wells near the Salinas River can be
attributed primarily to changes in reservoir operation, including adherence to storage-based water
supply releases, steelhead releases throughout the simulation period, and delivery of 17,500 AFY to San
Luis Obispo County throughout the simulation.
3.2.2 Groundwater Storage
Most of the storage capacity of a groundwater basin derives from draining and filling pore spaces
between individual grains of sediment. This characteristic of the aquifer system is represented by
specific yield (Sy), which is the amount of water that drains by gravity at the water table for each foot of
decline in the water table. The average value of Sy in the Arroyo Seco Cone area is 16.6 percent (see
Section 3.1.5 “Basin Fill Materials”).
Multiplying this average specific yield by the 22,310-acre area of ASGSA produces a storage capacity of
3,703 AF per foot of water-level change. The amount of operable storage capacity is determined by the
upper and lower limits of the range of water levels that can occur without undesirable results. This
range is selected in the “Sustainable Management Criteria” section.
The total amount of groundwater stored in a basin is not of particular interest from a groundwater
management standpoint because most of it is at depths too great to extract without causing undesirable
results. The relevant issue is whether the amount of groundwater stored within the operable range of
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water levels is sufficient to sustain beneficial uses during a drought and whether that storage is
replenished between droughts. This issue is explored in the “Sustainable Management Criteria” section.
A graph showing annual and cumulative changes in groundwater storage over the historical period of
record is presented in the “Water Balance” section.
3.2.3 Seawater Intrusion
The ASGSA area is located 42 miles inland from Monterey Bay, which is the nearest large body of saline
surface water. Although seawater has intruded several miles into the onshore part of the groundwater
basin near the coast, it remains far from the ASGSA area. There is no risk of seawater intrusion in the
ASGSA area given its location. The salinity of groundwater increases with depth in the ASGSA area
because the deeper Pancho Rico and Monterey Formations are of marine origin. However, those
salinities are much less than the salinity of seawater. Local groundwater salinity is discussed in the
“Water Quality” section.
3.2.4 Subsidence
Previous studies have concluded that land subsidence is negligible in the Salinas Valley. For example, the
Groundwater Management Plan for the Salinas Valley states “It should be noted that there is a lack of
historical subsidence in the Salinas Valley and a low potential for it to occur due to a combination of
geologic conditions and lack of depressed groundwater levels” (MCWRA 2006). In the Arroyo Seco Cone
area in particular, coarse-grained sediments are relatively abundant, and those are less prone to
compaction than clays.
Two sources of subsidence data are available for the ASGSA area, one providing good spatial coverage
and the other providing temporal data. The former is a satellite-based subsidence monitoring program
for a central California region (including the ASGSA area) that began in 2015. Cumulative subsidence
from May 31, 2015 to various subsequent dates through April 2017 are available on DWR’s SGMA Data
Viewer website. The amount of subsidence between two dates is derived from Interferometric Synthetic
Aperture Radar (InSAR) data that are collected by the European Space Agency (ESA) Sentinel-1A satellite
and processed by the National Aeronautics and Space Administration (NASA) Jet Propulsion Laboratory
(JPL), under contract to DWR. Pixel spacing in the resulting raster data set is approximately 92 meters in
the north-south direction and 70-77 meters in the east-west direction. The three map panels in Figure
3.2-10 show cumulative subsidence as of three dates: May 31, 2016, December 31, 2016 and April 30,
2017. The color-ramped data show that much of the subsidence is elastic and that subsidence did not
peak when water-levels were at record low levels in December 2016. In May 2016 (one year after the
start of monitoring), most of the ASGSA area was 1-2 inches lower than in May 2015 and more than 3
inches lower in an area southeast of Greenfield (see left-hand map on the figure). But by the following
December (middle map), cumulative lowering was less than it had been the previous spring, even
though groundwater levels were at record lows. Cumulative subsidence as of that date was less than 1
inch over most of the ASGSA area. By the following April (right-hand map), lowering had resumed but by
less than the amounts reported for the previous spring.
Temporal subsidence data are available for two stations in the mountains on either side of the ASGSA
area, as marked on the center map panel. The data are from UNAVCO, a university-organized global
geodesy program that monitors elevation at thousands of globally distributed permanent stations
(www.unavco.org ). Time series plots of cumulative vertical movement at the two stations since January
2007 are shown at the bottom of the map panels. Both data sets exhibit about 0.5 inch of short-term
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variability (on the order of days), a similar amount of seasonal variability, and longer-term trends lasting
up to 5 years. The time-series graphs indicate that the change in cumulative subsidence among the
dates shown in the map panels could be entirely due to short-term and seasonal variability.
The UNAVCO stations are in bedrock areas where compaction of fine-grained subsurface materials due
to groundwater pumping would not occur. It is worth noting that ground elevations at those locations
were going up during 2013-2016, when groundwater levels in the Salinas Valley were dropping to record
lows. A recent study of local geomorphology also noted that tectonic movement in the Arroyo Seco
region is upward, not downward (Taylor and Sweetkind, 2014).
Two patterns in the distribution of subsidence plausibly link to groundwater pumping and aquifer
compressibility. The first is that the maximum reported subsidence in the map panels was along the
southern edge of the ASGSA area, where geologic cross sections showed relatively large amounts of
clay. Not all types of clay are equally compressible, but in general a greater abundance of clay layers
would present a greater opportunity for compaction. Also, the area with greater subsidence is
predominantly planted to truck crops, which have a higher per-acre consumptive use of groundwater
than vineyards and the City of Greenfield (see Section 2.3.7 “Interaction of GSP and Land Use Plans”).
Greater pumping intensity could lead to lower groundwater levels and greater likelihood for
compaction. However, water-level declines during 2013-2016 were at most only about 5 feet greater in
that region than in wells farther north (35 versus 30 feet, typically). The second pattern is the relatively
small amounts of subsidence directly beneath the City of Greenfield. This probably stems from the lack
of groundwater pumping within the City. Two of the City’s three active wells are 1.5 miles west of the
center of town and the third is at the west edge of town.
The key points from this subsidence discussion are that satellite-based monitoring programs are in place
and that permanent subsidence either did not occur as a result of record low groundwater levels or was
too small to cause undesirable effects. The threshold of undesirability is discussed in the section on
“Sustainable Management Criteria”.
3.2.5

3.2.5.1

Water Quality

Historical and Current

Groundwater quality in a deep alluvial groundwater basin typically changes slowly. The average
residence time of groundwater is commonly on the order of decades to centuries. For this reason,
current groundwater quality conditions reflect historical land use practices more than they do current
land use practices. Water quality parameters of particular concern in the ASGSA area—as in all irrigated
agricultural areas—are salinity and nitrate. Salinity refers to the dissolved mineral concentration in
groundwater and can be measured as the concentration of total dissolved solids (TDS) or specific
conductance (which is temperature-standardized electrical conductivity). Salt loading occurs wherever
there is irrigation because plants transpire pure water and take up only a small fraction of the dissolved
ions in the soil water. Active exclusion of ions by plant roots causes salinity to build up in the soil. If
allowed to continue, soil salinity would reach toxic levels within a few growing seasons. Winter rains
flush salts vertically downward from the root zone, eventually reaching the water table. Where rainfall is
insufficient to provide adequate flushing, growers apply additional irrigation water to create a “leaching
fraction” that accomplishes the same thing (Allen and others, 2006). Nitrogen similarly enters the
groundwater system from the land surface, from excess fertilizer applied to crops and to a lesser extent
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from feedlots, septic systems and leaky sewer pipes. Herbicides and pesticides are also a water quality
concern and also move down to the groundwater system from the ground surface. The average travel
time of these contaminants through the unsaturated zone and from the water table down to the
aquifers tapped by wells for water supply is commonly on the order of decades, although rates are
locally variable. For example, a modeling study of Salinas Valley groundwater quality best matched
measured water quality data when the vertical migration time to a depth of 150 feet was 30-50 years
(Fogg and others, 1999).
In light of the long travel times, historical and current groundwater quality conditions in the ASGSA area
were investigated by evaluating data from 1929 to 2018 for trends in salinity and nitrate concentrations.
Data were obtained from several data sources, including DWR Bulletin 52-A (1949), Feeney (1994a), and
two Central Coast Groundwater Coalition studies (HydroFocus, Inc. 2014; LSCE 2015) that compiled data
from state and local water quality databases and several recent water quality studies to document
current water quality conditions. Additional details regarding data sources and statistical analysis of
trends are presented in Appendix E.
A comparison of pre-1958 nitrate data with recent (2012-2018) data is shown in Figure 3.2-11 and
reveals a large increase in the number of high outlier concentrations as well as an increase in median
nitrate concentration. The boxplots in the figure represent the distribution of data values. The bottom
and top of the box indicate the 25th-percentile and 75th-percentile values, respectively. The “whisker”
lines extending from the bottom and top of the box by 1.5 times the inter-quartile range (the distance
between the top and bottom of the box). More extreme outliers are plotted as individual data points.
The graph and statistics on the left side of the figure are for wells throughout the Forebay Subbasin and
the graph on the right is for ASGSA area wells only. The increase in median concentration for Forebay
wells (from 1.2 to 22.0 mg/L as NO3) is statistically significant (p-value 0.0001). The increase for ASGSA
wells (from 9.9 to 14.5 mg/L) is not statistically significant, probably because of the small sample size for
pre-1958 data (n = 7). Although recent concentrations are greater than old concentrations, data from
intervening years are too uneven to define a steady upward or downward trend (Appendix E).
MCWRA monitored groundwater quality in wells throughout the Salinas Valley from 1994-2015 and
made data for 13 wells within the City of Greenfield available to ASGSA. Monitoring was sufficiently
frequent—five to twelve data points for most wells over the period of record—to easily identify trends.
The nitrate data are shown in Figure 3.2-12. Five of the wells already had high concentrations (over 100
mg/L as NO3) in the early 1990s, and at four of those wells, concentrations continued to increase
thereafter. In contrast, concentrations increased in only three of the eight wells that had low
concentrations in the early 1990s. This pattern is consistent with the conceptual model of a front of
nitrate-laden water gradually working downward within the groundwater system. Once the front has
overtaken a well, concentrations would be expected to stabilize at a concentration that reflects the
long-term balance between groundwater inflows, outflows and their respective concentrations. None of
the wells with rising trends appear to be approaching such an equilibrium value, however, which
suggests that the concentration in recharge water is quite high and there is limited attenuation of
nitrate concentrations. Based on the analysis in Appendix E, the groundwater is generally oxic and
would not promote denitrification and the natural attenuation of nitrate concentrations in groundwater.
However, nitrate is removed from the local groundwater system when groundwater flows out the
downgradient end of the ASGSA area and when groundwater is locally applied to crops, which take up
some or all of the nitrogen.
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The occurrence of high and increasing nitrate concentrations is not sustainable because it adversely
impacts beneficial use of groundwater for domestic and municipal supply. Groundwater is the source of
supply for all potable uses in the ASGSA area. The primary standard for nitrate in drinking water is 45
mg/L as NO3, and nine of the 13 wells exceeded that concentration for all or part of the period of
record.
In contrast to nitrate, salinity data do not show a clear increase from the pre-1958 period to the recent
period. The data are plotted Figure 3.2-13. The increase in median EC for the entire Forebay (from 758
to 1,157 µS/cm) barely misses significance at a 95-percent confidence level (p-value 0.0584), and there
is no statistical difference between median values for ASGSA area wells (1,220 and 1,084 µS/cm).
Although empirical data do not demonstrate that groundwater salinity is increasing, it is on the verge of
causing undesirable results and is expected to increase over the long term due to the effects of irrigation
(see Section 3.2.5.2 “Water Quality: Future”).
Based on the local relationship between EC and TDS, the current median ASGSA area EC of 1,084 µS/cm
corresponds to a TDS concentration of 750 mg/L. This is above the long-term secondary drinking water
standard (500 mg/L) but below the short-term standard (1,000 mg/L). It is also around the salinity
concentration at which salt-sensitive crops begin to show adverse effects. For example, for beans,
carrots and strawberries, crop yield decreases by roughly 10 percent if irrigation water salinity increases
from 500 to 700 mg/L (Grattan, 2002). Grape vines begin exhibiting diminished growth when TDS
reaches 700 mg/L but growth is still at 90 percent of maximum when it reaches 1,100 mg/L.
Feeney (1994a) noted variations in water quality by location and depth. In plan view, EC values
increased dramatically from the Arroyo Seco, to the east and south, as shown in Figure 3.2-14. Low EC
near the Arroyo Seco (400-500 µS/cm) results from substantial local recharge of relatively dilute water
from that source. The much higher values near the southeastern corner of the ASGSA area (1,400-2,800
µS/cm) result from naturally saline groundwater emanating from the Pancho Rico Formation that abuts
the eastern edge of the Salinas Valley upstream of King City. This pattern is not new. In the 1940s, the
poorest water quality in the entire Salinas Valley was found in wells near King City (California Division of
Water Resources, 1949). More recent sampling for the ILRP program also shows a similar spatial pattern.
Feeney documented vertical variations in water quality based on samples from the multi-depth
monitoring well clusters installed for that study plus several nearby deep irrigation wells. The data
generally showed higher EC in shallow wells, which Feeney attributed to downward migration of
irrigation return flow. The pattern was not consistent, however, which underscored the complexity of
vertical and horizontal movement of recharge from the Arroyo Seco and surrounding agricultural areas.
Nitrate and salinity are not the only water quality constituents of concern for management. Pesticides
and herbicides applied in agricultural areas pose a potential risk, and their movement in the subsurface
depends on the chemical nature of the specific compound and the hydrogeologic environment. In
general, organic compounds are not as mobile as nitrate and chloride (a common component of
salinity), so that travel times for the latter are a reasonable indication of the minimum travel time for
organic compounds. For potable water supply wells, all constituents regulated under primary and
secondary drinking water standards are of concern. City of Greenfield municipal water met all primary
and secondary drinking water standards in 2017 (City of Greenfield, 2017). The nitrate concentration
averaged 9.7 mg/L as NO3 (primary maximum contaminant level [MCL] is 45 mg/L), and the maximum
for any sample was 20.8 mg/L. The average concentration of TDS was 542 mg/L (secondary long-term
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MCL is 500 mg/L and short-term MCL is 1,000 mg/L). Sampling of 35 wells in the ASGSA area by the U.S.
Geological Survey’s GAMA program found almost no detections of pesticides and rare detections of
pesticide degradation products (1,2,3-Trichloropropane and Dibromochloropropane).
Water in the Salinas River and Arroyo Seco is of calcium-bicarbonate type. Groundwater is more
variable, with four types present in the Arroyo Seco Cone area: calcium-bicarbonate, calcium sulfate,
sodium-bicarbonate and sodium-sulfate (Feeney, 1994a).
Groundwater contamination from point sources of toxic or hazardous materials is almost non-existent in
the ASGSA area. SWRCB’s Geotracker database contains documentation of all known current and
historical sites where soil or groundwater has been contaminated
(https://geotracker.waterboards.ca.gov/ ), and only four sites in the database indicate groundwater
contamination or possible contamination. A leak of aviation fuel contaminated groundwater (not used
for drinking water) at the Metz Road Airport (east of the Salinas River about 1 mile south of Elm
Avenue). Three sites in downtown Greenfield did not indicate whether groundwater was contaminated
or only soil. In any case, all four sites have a cleanup status of “completed – case closed”, which means
that the sites do not currently pose a threat to water quality or human health.

3.2.5.2

Future

In large basins like the Salinas Valley Basin, groundwater concentrations take decades to centuries to
equilibrate with a change in solute loading at the land surface. This has been observed empirically in the
Salinas Valley and also predicted by transport modeling (Fogg and others, 1999). Thus, regardless of
what measures are taken now to decrease nitrate and salt loading, concentrations are likely to increase
for many years before they level out or decline, possibly throughout the 50-year SGMA planning
horizon. GSPs are not required to correct undesirable results caused by past actions. Instead, they
should demonstrate that future land and water use activities will not cause undesirable results. For this
GSP, that objective is interpreted to mean that the concentrations at which nitrate and salinity
eventually stabilize are lower than the concentrations at which beneficial uses would be adversely
impacted.
Nitrate and salinity differ in terms of the mechanisms by which they are introduced into groundwater
and the types of measures needed to reduce loading and decrease ambient concentrations. Nitrate
derives primarily from fertilizers that are actively applied to promote crop growth. Salinity derives
primarily from evaporation of applied irrigation water, not from active application of salts. Accordingly,
anticipated future concentrations of these two constituents are discussed separately below.
3.2.5.2.1 Nitrate
Fertilizer is by far the largest source of nitrate loading to groundwater in the ASGSA area. There are
approximately 5,700 acres of vineyard and 18,200 acres of truck cropland in the ASGSA area. Assuming
typical nitrogen fertilization rates of 20 pounds per acre/year (lb/ac/yr) for vineyards and 150 lb/ac/yr
for truck crops (Rosenstock and others, 2013) and an average leaching rate to groundwater of 30
percent of applied nitrogen (UC Davis, 2012), annual loading of fertilizer nitrogen to groundwater is on
the order of 400 tons per year. In comparison, loading from septic systems is about 100 times smaller.
Air photo analysis identified 179 rural buildings in the ASGSA area where a septic system is likely
present. Assuming the same per-connection wastewater generation rate per connection as in the City of
Greenfield (0.27 AFY), a typical domestic wastewater nitrogen concentration of 63 mg-N/L (Lowe, 2009)
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and losses to volatilization and mineralization in the septic tank and leach field of 30 percent (Lowe,
2009; USEPA, 2002) nitrogen loading to groundwater from septic systems is on the order of 3 tons per
year. There are no confined animal feeding operations of significant size in the ASGSA area, nor other
potential point sources of nitrogen loading.
The current and future of nitrogen loading from fertilizers is very different from past loading due to
recent implementation of the Irrigated Lands Regulatory Program (ILRP) by the State Water Resources
Control Board (see section 2.2.2.5 “Irrigated Lands Regulatory Program”). This program is being actively
implemented. The requirements related to preventing nitrate loading to groundwater were adopted in
2012. By 2015, 41 percent of lands in the ASGSA area were enrolled in the program, as was a similar
percentage of the overall Forebay Subbasin. The program requires monitoring of nitrate in wells, and
101 wells within the ASGSA area had been monitored at least once as of 2015 (California State Water
Resources Control Board, no date). The ILRP requires that growers of high-risk crops—which includes
many truck crops—calculate a complete nitrogen budget for each crop and apply only the amount of
nitrogen fertilizer that can be fully used by the crop. This should theoretically decrease loading from
excess fertilization to nearly zero and in turn decrease long-term average nitrate concentrations to near
pre-development levels.
Several concurrent factors will also serve to decrease nitrate concentrations in groundwater over the
long term:
1. Over recent decades, a substantial amount of the cropland in the ASGSA area has shifted from
field and truck crops to vineyards, which have a much lower nitrogen fertilization requirement
(on the order of 20 lb/ac/yr versus 150 lb/ac/yr). Vineyards now occupy nearly one-third of the
ASGSA cropland.
2. Irrigation throughout the Salinas Valley has gradually shifted toward more efficient methods.
Between 1993-2015, the use of drip irrigation increased from 25,000 acres to 130,000 acres and
is now more common than all other methods combined (MCWRA, 2017). Higher irrigation
efficiency decreases deep percolation beneath the root zone and correlates strongly with
reduced nitrogen leaching (UC Davis, 2012).
3. When groundwater is used for irrigation, the nitrogen it contains is taken up by the crop. The
irrigation return flow has a lower concentration of nitrogen than the applied water (provided
excess fertilizer application is avoided). By this means, irrigation can be viewed as a “pump-andtreat” system for gradually removing nitrogen from groundwater.
In light of the ILRP and the concurrent factors, it is expected that the average ambient nitrogen
concentration in groundwater will stabilize below the drinking water MCL (45 mg/L as NO3) but probably
above the historical (pre-1958) median concentration of 1.2 mg/L as NO3.
3.2.5.2.2 Salinity
Unlike nitrate, salinity loading is not due to active application of salts to cropland. Rather, it is an
incidental and nearly inescapable side effect of irrigation. All irrigation water contains dissolved
minerals. Plants exclude most salts at the root-soil interface, absorbing and transpiring nearly pure
water. The dissolved minerals in the applied irrigation water remain behind in the soil and are flushed
downward back to the groundwater system by winter rains and (or) irrigation. If rainfall deep
percolation is insufficient to flush salts from the soil, growers eventually apply additional irrigation water
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(a “leaching fraction”) to accomplish that purpose. Thus, salts in groundwater applied for irrigation
remain behind in the groundwater basin while plants remove nearly pure water. Over time, this causes
salt concentrations in groundwater to increase. Over a period of decades to centuries, the TDS
concentration will stabilize if there is groundwater outflow from the system, but the equilibrium
concentration will depend on the balance of inflows, outflows and their respective TDS concentrations.
A simple mixing model was constructed to estimate the possible range of future TDS concentrations in
the ASGSA area and to test the sensitivity of the estimate to assumptions and data used in the model.
Conceptually, the mixing model is the volume of groundwater in the ASGSA area between the water
table and the depth penetrated by most wells, which is the volume where most mixing takes place.
Annual inflows of water and salt mass are tabulated for deep percolation of rainfall and irrigation water,
percolation from small streams, the Arroyo Seco and the Salinas River, background mass load, and
groundwater inflow and outflow. Background mass load is the natural dissolution of soil and aquifer
minerals and was estimated by calibration to obtain simulated TDS concentrations equal to measured
pre-development concentrations. All of the inflows are assumed to fully mix throughout the
groundwater volume each year, and the concentrations of all outflows (including groundwater pumping)
are assumed to equal the current mixed concentration. In this simplified model, the flows and source
concentrations are assumed to be the same every year. This assumption and the mixing assumption
ignore seasonal and year-to-year variations in flows and loading and vertical stratification of water
quality in the basin, but the simulated equilibrium concentration in the distant future is not affected by
those details.
Figure 3.2-15 shows the simulated TDS concentration from the simple mixing model over the next 400
years if current hydrologic conditions and land and water use practices continue. Assumptions and data
values used in the simulation are listed beneath the graph. With those assumptions, ASGSA area
ambient TDS equilibrated around 1,500 mg/L after 400 years.
The mixing model results were especially sensitive to assumptions regarding the rate of groundwater inand outflow across the upgradient and downgradient boundaries of the ASGSA area and the TDS
concentration in the Upper Valley Subbasin. If Upper Valley TDS is assumed to increase at exactly the
same rate as ASGSA TDS, the ASGSA concentration continues to climb indefinitely. If a fixed future
Upper Valley concentration is assumed (1,000 mg/L in the example shown in the figure), the ASGSA
concentration equilibrates to a concentration several hundred milligrams per liter higher. Upper Valley
groundwater TDS is likely to always be lower than ASGSA TDS because the Upper Valley Subbasin
receives relatively large amounts of dilution from Salinas River percolation and no inflow from
upgradient irrigated areas.
If groundwater in- and outflow are reduced, the equilibrium concentration rises. The mixing model
assumes a balanced flow budget, so changes in assumed outflow to the remaining Forebay Subbasin are
accompanied by corresponding changes in assumed inflow from the Upper Valley Subbasin. For
example, decreasing the assumed outflow by half (to 8,750 AFY) increases the simulated equilibrium
TDS concentration to 1,880 mg/L.
Evaluating mixing model results over a reasonable range of input values leads to the following tentative
but nevertheless useful conclusions:
•

Ambient groundwater TDS concentrations are likely to increase in the future.
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•

The increases are likely to continue well beyond the 50-year planning horizon.

•

Long-term future equilibrium concentrations in the 1,000-2,000 mg/L range were the most
common simulation result.

It is clear that future increases in groundwater salinity could cause undesirable results. Management
actions to address these effects are discussed in Chapter 5.
3.2.6

3.2.6.1

Depletion of Interconnected Surface Water

Historical and Current

Groundwater pumping near a river can increase the rate of percolation from the river if the two are
hydraulically interconnected, which means the subsurface flow path from the river to the aquifer is
completely saturated. If there is an unsaturated zone beneath the river, percolation is limited by the
vertical permeability of the river bed and underlying sediments and is unaffected by the water table
elevation and, hence, pumping. Groundwater might be in direct hydraulic connection with surface water
near the downstream end of the Arroyo Seco and along the Salinas River near the ASGSA area at certain
times, but it is difficult to confirm the connection with available data.
The difficulty in reaching conclusion regarding hydraulic connection based on water-level data from
existing monitoring programs stems from the common presence of vertical head gradients within the
aquifer system. Almost all of the wells in the existing monitoring programs are water supply wells
screened at depths greater than 100 feet, and the water levels a well that deep can be different than the
water level in a shallow well at the same location. If water levels in wells are higher than the water level
in a nearby stream, the head gradient is upward, hydraulic connection is very likely, and groundwater
probably discharges into the stream. The opposite condition is less certain. If the water level in a well is
lower than the water level in the stream, hydraulic connection may or may not be present depending on
whether there is an intervening unsaturated zone.
Groundwater elevations were compared with river bed elevations by preparing profiles of river bed
elevations and groundwater elevations along the Salinas River and Arroyo Seco, as shown in Figures 3.216 and 3.2-17. River bed elevations were obtained from a digital elevation model with 10-meter pixel
spacing, selecting points along the low-flow channel alignment in 2016 aerial photographs. Some of the
irregularities in the profiles result from incorrectly identifying the low point of the channel, and some
result from actual bed undulations between pools and gravel bars. Groundwater elevations were
obtained by contouring measured water levels from the MCWRA monitoring network for selected dates.
None of the wells are located along the Salinas River channel northeast of Greenfield. Consequently,
groundwater elevations along the river were based on projecting contours from the west and are at best
accurate to only +/- 5 feet. Groundwater elevation profiles are shown for very high water levels (March
1998), recent pre-drought spring water levels (March 2010) and record low water levels (December
2016). The March 1998 and December 2016 profiles bracket the range of water levels that have
occurred under current land and water use conditions. Along the Salinas River near the ASGSA area
groundwater levels in spring of normal and wet years are 15-20 feet below the river bed. If there is local
mounding of the water table due to river percolation, groundwater could plausibly be hydraulically
coupled to the river. By comparison, Feeney (1994a) measured 4-5 feet of local water table mounding
beneath the Arroyo Seco during a flow event in February 1994 using nested piezometers installed for
that purpose. The mound was still 20 feet below the river bed and clearly did not achieve hydraulic
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connection. In a concurrent field test of pumping-induced percolation from the Salinas River several
miles downstream of the Arroyo Seco confluence, Feeney (1994b) was unable to determine whether
groundwater was in hydraulic connection with the river even though static water levels in the test wells
were only 7-8 feet below ground surface. Regarding the feasibility of using wells near the river to induce
additional recharge, he concluded that “insufficient data currently exist documenting the nature of the
hydraulic connection between the river and the aquifer system to determine whether the proposed
system will induce infiltration and, if so, to estimate the volume.”
During 2016, the profile of groundwater levels along the Salinas River was 30-50 feet below the river
bed, and there was little possibility of hydraulic coupling between groundwater and surface water (if the
river had been flowing at that time, which it was not). In the Salinas Valley, the cause and effect
between stream flow and groundwater levels are reversed. Groundwater pumping and low water levels
do not dry up the river. Rather, the lack of flow in the river—and associated percolation—cause
groundwater levels to decline. Other sources of recharge are also smaller during droughts, but the
marked declines in water levels correlate much more strongly with reservoir releases than with Arroyo
Seco recharge or dispersed recharge from rainfall and irrigation deep percolation.
Empirical evidence of some degree of hydraulic connection between the Salinas River and groundwater
includes changes in overall percolation losses along the Salinas River during and after the 2012-2016
drought. Releases of 700-720 cfs from Nacimiento and San Antonio Reservoirs were needed to achieve a
flow of 80 cfs at Spreckels during 2016 and 2017 when groundwater levels were recovering from the
2012-2015 drought, compared with 600 cfs prior to the drought (Franklin, 2018). Most of the increase in
percolation appeared to be upstream of Soledad, but it was not possible to determine the location of
increased percolation rate more precisely. The increase in percolation rate (20 percent) was small
relative to the average decline in groundwater levels (20-30 feet for many wells in the Upper Valley and
Forebay subbasins). If there were hydraulic connection, the 25-foot decline in water levels would
correspond to only 20 percent of the normal water-level difference between the river and the wells,
which by arithmetic would have been 125 feet. This amount of water-level difference is not consistent
with hydraulic connection in the medium- to coarse-grained sediments common in those subbasins. It is
more likely that hydraulic connection is present along a small percentage of the river length, and only
when groundwater levels are normal.
Groundwater profiles along the Arroyo Seco (Figure 3.2-17) have a much flatter slope than the river
channel in all years. At locations more than 3 miles upstream of the Salinas River confluence,
groundwater levels are more than 20 feet below the river bed even in wet and normal years. Hydraulic
connection between surface water and groundwater is very unlikely above river mile 3. Along the
lowermost 3 miles of the Arroyo Seco, hydraulic connection is plausible in wet and normal years (such as
1998 and 2010) but not during drought conditions when water levels decline to more than 20 feet below
the river bed (as was the case in 2016). Groundwater emerging as surface flow in the Arroyo Seco has
not been observed according to long-time residents participating in Advisory Committee meetings, but
in-channel gravel mining operations often encountered the water table at about 6 feet below the river
bed. This is shallow enough to be accessed by roots of phreatophytic vegetation.
Flow losses between the upper and lower gauges on the Arroyo Seco during the 1995-2018 period of
record were slightly correlated with the amount of flow and percolation prior to the measurement date.
Percolation losses were lower when there had been relatively large amounts of flow from the start of
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the water year up to the date of the measurement, which suggests a correlation between percolation
rate and groundwater levels (i.e. head-dependent percolation), because groundwater levels rise
seasonally during the flow season. This pattern can be seen in the three graphs shown in Figure 3.2-18,
which plot percolation loss rate versus year (top graph), versus the day of the year when flow last
receded through 1 cfs (middle graph) and versus the cumulative discharge since October 1 at the upper
gauge (bottom graph). The percolation loss was calculated as the difference in flow between the upper
and lower gauges, adjusted for inflows from Reliz Creek and CCWC diversions. The flow of 1 cfs at the
lower gauge was presumed by NMFS to be the minimum passable flow for steelhead smolts migrating to
the ocean (NMFS, 2007). The percolation loss rates ranged from 81 to 238 cfs and averaged 130 cfs.
There was not a statistically significant trend in percolation rate over the 24-year period. However, the
percolation rate tended to be slightly lower in wet years when the season extended later into spring, as
indicated by the statistically significant negative regression slope for the middle graph. Wet years also
have more total discharge as of the end of the flow season when the percolation rate was tabulated.
Thus, the statistically significant negative regression slope for the bottom graph is consistent with the
negative slope for the middle graph. This pattern means that current irrigation pumping has less impact
on percolation rate than the cumulative amount of seasonal groundwater recovery that has occurred.
Irrigation pumping increases from February to June, whereas the percolation losses became smaller
during that period. Similarly, the influence of antecedent percolation outweighs that of current
pumping. The seasonal filling and draining of groundwater in the Arroyo Seco Cone is partly natural (it
would occur to some extent in the absence of pumping) but amplified by seasonal irrigation pumping.
Thus, if pumping has an impact on flow depletion, it is related more to the total amount of pumping and
storage decline during the previous dry season and total Arroyo Seco discharge during the flow season
than to current pumping during the spring fish migration season.
Hydraulic connection between the Salinas River and possibly the lowermost 1-3 miles of the Arroyo Seco
is only likely in normal-to-wet years and seasons when groundwater levels are high. These are times
when beneficial uses such as habitat and diversions at the Salinas River Diversion Facility are relatively
unconstrained by water availability. During droughts, when water is scarce and groundwater levels are
low, groundwater is probably separated from the rivers by an unsaturated zone. Under that
circumstance, groundwater pumping and additional lowering of groundwater levels would not induce
additional percolation

3.2.6.2

Role of Reservoirs in Surface Water Depletion

The effect of groundwater pumping on Salinas River flow during the irrigation season is not immediate
but rather delayed due to the effects of reservoir operation. At times and locations where the river and
aquifer are hydraulically coupled (generally upstream of about Spreckels), increased pumping causes
increased percolation from the river. However, MCWRA compensates for increased percolation losses
by increasing the release rate from Nacimiento and San Antonio Reservoirs as necessary to meet target
flows at Spreckels and the SRDF (Franklin, 2018). Thus, summer flows along the river remain about the
same if pumping goes up, but reservoir storage is depleted more quickly. This hastens the date at which
releases are curtailed entirely due to insufficient reservoir storage. In other words, the impacts of
pumping accumulate in the reservoirs and are manifest during droughts as the frequency and duration
of release curtailments. Understanding this relationship between groundwater pumping, reservoir
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operation, river flows and groundwater levels is essential to evaluating undesirable results and possible
management measures.
Presently, there are several types of outflow from the reservoirs, each occurring according to specific
criteria. They are listed in approximate descending order of priority, as follows:
•

•

•
•

•

•

•

The NMFS flow prescriptions require a minimum year-round release of 60 cfs from Nacimiento
Reservoir and 10 cfs from San Antonio Reservoir to support fish rearing in river reaches
immediately below the two dams.
Pass-through of non-surplus water. The water rights permit issued by the State Water Resources
Control Board for operation of the reservoirs states that the reservoirs may store only flows that
are surplus to the needs of senior downstream riparian and groundwater users. For example, if
there is outflow from the Salinas River to the ocean, then the recharge capacity of the Salinas
River is being fully utilized and additional flow may be stored in the reservoir. Percolation losses
vary by season and year but are typically 500 cfs or more. In practice, MCWRA needs to pass
through reservoir inflows in winter until ocean outflow is established, at which point additional
flows may be stored.
Up to 17,500 AFY of water is delivered directly from Nacimiento Reservoir to users in San Luis
Obispo County via a pipeline.
Large releases—generally in excess of 500 cfs—are made for steelhead passage per the NMFS
flow prescriptions. These releases are contingent on reservoir storage. The flow prescriptions
allow MCWRA to forego steelhead passage releases when the combined storage of the two
reservoirs is less than 150,000 AF (for smolt passage flows) or 220,000 AF (for adult passage
flows).
Conservation releases are also large flows (generally more than 500 cfs) for the purpose of
recharging groundwater in all parts of the Salinas River. The term “conservation releases” is
included in the reservoir water rights permit.
Releases for re-diversion at the SRDF for irrigation in the CSIP area near the coast are similarly
large because percolation losses along the entire length of the river must be satisfied before any
water will arrive at the SRDF near the downstream end of the river. The diversion capacity of the
SRDF is 36 cfs, and a minimum of 2 cfs must be bypassed to the Salinas River lagoon when the
SRDF is in operation.
If the reservoirs fill during wet periods, water that cannot be stored is spilled over the dams. San
Antonio Reservoir has a flood pool, which is a minimum amount of vacant storage that must be
maintained during the wet season to capture and moderate flood flows. Nacimiento Reservoir
no longer has a flood pool requirement because the new operable spillway renders it
unnecessary.

For the purposes of this GSP, the releases for fish rearing below the dams are referred to as “minimum
releases” and the releases for steelhead passage, groundwater recharge and diversion at the SRDF are
referred to as “major releases” except where the discussion requires more specific differentiation.
The current Nacimiento Reservoir Operation Plan does not include storage-based criteria for the timing
and amounts of conservation releases and releases for SRDF diversion; nor does it include provisions for
annual carry-over storage to increase water supply reliability during droughts (MCWRA, 2018). In
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practice, MCWRA omits conservation releases and releases for SRDF diversions in years when reservoir
storage is insufficient to supply them.
To illustrate the relationship between groundwater pumping, river flow and reservoir storage, the effect
of a 10,000 AFY increase in groundwater pumping in the ASGSA area was simulated using a groundwater
flow model of the entire Salinas Valley (described in Section 3.3.3) and a reservoir operations model
developed for this GSP (described in Section 3.3.4). The groundwater model indicated that for sustained
increases in pumping lasting more than a few years, essentially all of the increase in pumping is balanced
by increased percolation along the Salinas River. In the reservoir operations model, the higher
percolation losses caused reservoir storage to decline more rapidly between spill events. In October
1990, for example, combined reservoir storage was 37,400 AF less under the increased-pumping
scenario than under the existing-pumping scenario.

3.2.6.3

Future

No increase in groundwater pumping or consumptive use is expected in the ASGSA area over the 50year planning horizon. For informational purposes, the groundwater model was used to estimate the
effect a future increase in pumping would have on river flows. This was implemented by increasing net
groundwater pumping in the ASGSA area by 10,000 AFY every year, distributed among all pumping wells
as a uniform percentage increase in pumping. Following storage responses early in the simulation, all of
the increased pumping was derived from increased river percolation. For every 1 AFY of increased
pumping, 0.50 AFY derived from increased Salinas River percolation upstream of Soledad (of which 0.16
AFY was along the ASGSA reach), 0.05 AFY derived from increased Arroyo Seco percolation within the
ASGSA area (confirming the general absence of hydraulic connection along that reach), and 0.45 AFY
derived from increased percolation from the Arroyo Seco downstream of the ASGSA area and from the
Salinas River between Soledad and Chualar. These results demonstrate that the depletion impacts
spread far beyond the ASGSA area.
3.2.7

3.2.7.1

Groundwater-Dependent Ecosystems

Historical and Current

If there is hydraulic connection between surface water and groundwater, then groundwater
management can affect stream flows and riparian vegetation along stream channels. Available data for
stream flow and groundwater levels are inconclusive regarding the presence of hydraulic connection, as
described in the preceding section. The data suggested that the regional water table along the last 1
mile of the Arroyo Seco (between the Arroyo Seco Road bridge and the Salinas River) might be near
enough to the ground surface to be reached by roots of riparian vegetation in normal and wet years, but
surface flow from groundwater discharge has not been reported. Along the entire reach of the Salinas
River near ASGSA, groundwater levels in normal and wet years might be high enough to be hydraulically
coupled to the river. Hydraulic coupling does not appear to be present along the last mile of the Arroyo
Seco in dry years or along the Salinas River when major reservoir releases have been curtailed (which
occurs only during sequences of dry years).
Because of the possibility that groundwater is near the river bed elevations some of the time, this GSP
evaluates groundwater dependent ecosystems (GDEs) and potential effects of groundwater
management on them.
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GDEs usually include riparian and aquatic components. These components are ecologically linked. For
example, riparian vegetation along the bank of a river provides shade that maintains cool water
temperatures and provides food to aquatic organisms by way of insects and plant materials that fall
from the vegetation into the water. However, the management focus is often different for the two
components. In this case, the management focus for riparian areas is on vegetation, and wildlife in those
areas is presumed to be in good condition if the quantity and health of the vegetation are adequate. The
management focus for aquatic habitat in this case is migration of South-Central California Coast
steelhead trout, a species listed as threatened under the federal Endangered Species Act. Accordingly,
the discussion of GDEs in this GSP is divided into riparian and aquatic components that discuss
vegetation and steelhead, respectively.

3.2.7.2

Riparian Vegetation

Groundwater discharge at the land surface is commonly associated with phreatophytic vegetation and
perennial stream base flow. Because California’s Mediterranean climate is dry in summer, these
perennially wet conditions have high ecological value. The riparian and aquatic habitats associated with
shallow groundwater and perennial base flow are called groundwater dependent ecosystems (GDEs).
The presence of GDEs in the ASGSA area was evaluated on the basis of stream flow and vegetation.
Arroyo Seco flow is seasonally intermittent at the upper (Elm Avenue) and lower (Arroyo Seco Road)
stream gauges. A small amount of base flow (less than 20 cfs) often persists at the upper gauge,
supported by groundwater discharge from fractured rocks in the mountainous watershed. This flow is
much less than the percolation capacity of the Arroyo Seco channel between the gauges, which is 100200 cfs during steady late-winter flow conditions. During 1995-2018, persistent flows greater than 20 cfs
at the upper gauge typically commenced in November or December and ceased in May or June.
Therefore, flow is definitely intermittent in most years starting a short distance downstream of the
upper gauge. Inspection of ten dry-season aerial photographs taken between 1989 and 2016 on Google
Earth showed that continuous flow or discontinuous pools were always present down to a point 1.7
miles below the Elm Avenue bridge, and no pools or flow were present beyond 2.3 miles. Riparian trees
line the channel along the reach immediately below the bridge. The surface flow and underflow along
this reach are sustained by groundwater discharge from the upper watershed area, not regional
groundwater discharge within the Salinas Valley Basin. The Arroyo Seco is always a losing stream along
this reach below Elm Avenue, and groundwater levels are far below the river bed.
The flow season is shorter at the lower gauge at the Arroyo Seco Road bridge, with persistent flows
greater than 0 cfs typically starting in December or January and ceasing in March, April or May. Even in
1998, which was the wettest year in the 1995-2018 period of record for the lower gauge, persistent flow
did not commence until January 9 and ceased on June 24. Thus, the stream flow records for the Arroyo
Seco suggest that GDEs are probably present in the canyon reach down to about Elm Avenue but not
from there down to the Arroyo Seco Road bridge.
Salinas River flow at the Soledad gauge (located at Highway 101) is much more perennial than Arroyo
Seco flow due to reservoir releases. Figure 3.2-19 shows daily flows for 1984-2017, with the Y axis
cropped to show only flows less than 200 cfs. Flow dropped below 20 cfs for about a month in most
years, usually in the fall. Much more prominent were the long periods of zero flow that occurred during
two recent droughts (1990 and 2013-2015). Figure 3.2-20 focuses on those two drought periods and
compares Salinas River flow at Soledad with the combined releases from Nacimiento and San Antonio
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Reservoirs. During droughts, flow at Soledad occurs almost exclusively when major releases are made
from the reservoirs. The minimum releases that were made during the two droughts (15-60 cfs) were to
sustain fish immediately below the dams and were all absorbed as percolation far upstream of Soledad.
Analysis of historical aerial photographs and a field survey of riparian vegetation in April 2019 support a
conclusion that many types of vegetation survive periods when groundwater levels are low, and the
ones that did not were dependent on surface flows in the Salinas River, not on shallow groundwater.
The evaluation of aerial photographs confirmed that the extent of riparian vegetation did not decrease
during the 2012-2016 drought. Vegetation was mapped in detail along Arroyo Seco and Salinas River in
2005, and the information is incorporated into a statewide map of vegetation potentially dependent on
groundwater, based on the Natural Communities Commonly Associated with Groundwater (NCCAG)
Vegetation data set. This data set is a compilation of phreatophytic vegetation maps from 45 publicly
available state agency and federal data sets and can be downloaded from a DWR website
(https://gis.water.ca.gov/app/NCDatasetViewer/ ). The extracted vegetation features are considered to
be commonly associated with groundwater based on published and/or field observations of
phreatophytic characteristics in California. The data set was compiled by The Nature Conservancy for
DWR to assist with preparing GSPs. However, DWR makes no warranty that the mapped areas or even
the vegetation categories are necessarily in shallow water table locations or dependent on groundwater.
The most common mapped vegetation types along Arroyo Seco and the Salinas River were narrowleaf
willow (Salix exigua), mulefat (Baccharis salicifolia), Fremont cottonwood (Populus fremontii), western
sycamore (Platanus racemosa), mixtures of “Southwestern North American riparian” vegetation, and
even the invasive weed Arundo donax. Vegetation polygons mapped in 2005 were superimposed on an
aerial photograph taken in 2018 to determine whether there was substantial vegetation die-off when
groundwater dropped to record low levels during 2013-2016. The comparison for a reach of the Arroyo
Seco near Hudson Road is shown in Figure 3.2-21. Vegetation patches mapped in 2005 were still clearly
visible in 2018. The patch outlines were similar except where a high surface flow event caused the
channel to meander slightly and scour out parts of some vegetation patches. Thus, the persistence of inchannel vegetation in that area appears to be independent of water levels in wells.
An evaluation of Salinas River aerial photography on eight dates between 1994 and 2018 revealed
substantial changes in vegetation density and patch location over time, but none of the changes
correlated with groundwater levels. Specifically, vegetation density increased slightly from 2013 to 2018,
which encompassed the recent drought and includes the period of record low groundwater levels as
well as the 3-year hiatus in river flow.
Aerial photographs document the presence or absence of riparian vegetation but not its health or vigor.
The possibility that riparian vegetation suffered significant canopy die-back during the drought was
investigated by means of a reconnaissance-level field survey on April 10, 2019. Almost all of the
cottonwood trees along the Salinas River had died during the 2012-2016 drought, Riparian vegetation
along the Arroyo Seco and Salinas River channels along the last mile upstream of the confluence of
those two rivers was inspected on foot. Depth to groundwater was essentially the same during the
drought along the two reaches, but the history of surface flow is very different. The Salinas River flowed
for about 11 months per year in all but four of the last 53 years (September or October were the
common no-flow months). In contrast, Arroyo Seco flows are unregulated and follow the strongly
seasonal Mediterranean climatic conditions. At the lower stream gauge (the “below Reliz” gauge at the
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Arroyo Seco Road bridge at the upstream end of the surveyed reach) the channel is typically dry for 7-8
months per year.
The survey revealed striking differences in riparian vegetation. Along the Salinas River there were many
cottonwood trees, and almost all of them were dead. Other types of vegetation appeared to be in
reasonable condition. The low-flow channel was relatively narrow (tens of feet wide), and vegetation
was dense up to the waters edge. The low-flow channel of the Arroyo Seco was a broad sandy wash
(generally more than 200 feet wide). Riparian vegetation included fewer tall trees in general and almost
no cottonwoods. The trees exhibited no mortality associated with the drought. Some trees and shrubs
had partially died back during the drought, but the die-back appeared to have been less than 15 percent
of total canopy area.
Landsat multi-spectral imagery was used to further confirm the contrast between vegetation along the
two rivers above their confluence. The GDE-Pulse on-line mapping tool developed by The Nature
Conservancy (https://gde.codefornature.org/#/map) shows NDVI and NDMI values at the scale of
individual vegetation patches and satellite image pixels. NDVI and NDMI are ratios of wavelengths that
indicate chlorophyll concentration and moisture status in the vegetation. Both are commonly used to
indicate the health of vegetation. During California’s dry summer season, natural vegetation that
accesses groundwater grows more vigorously than vegetation that does not. Vegetation along the
Salinas River channel experienced a dramatic drop in both metrics during 2014-2015, whereas
vegetation along the Arroyo Seco more than 0.4 mile upstream of the Salinas River experienced little
change in either metric.
A reasonable conclusion is that the reliably persistent surface flow in the Salinas River allowed
cottonwood trees to become established in the first place, and the trees were dependent on those flows
for survival. Arroyo Seco vegetation is not dependent on artificial surface flows, and the long no-flow
seasons and low groundwater levels during the drought caused relatively minor, temporary impacts on
vegetation. This conclusion was corroborated the Monterey County Resource Conservation District
ecologist, who noted that historical pre-dam photographs of the Salinas River channel showed
vegetation patterns similar to those along the Arroyo Seco (Zefferman, 2019).
In conclusion, the extensive mortality of cottonwood trees along the Salinas River would qualify as an
undesirable result, but the presence and death of the trees appears to have been entirely related to
surface water, not groundwater. In contrast, impacts to vegetation along the Arroyo Seco during the
drought were arguably not severe or unreasonable. Thus, there is no evidence that low groundwater
levels during the 2012-2016 drought caused an undesirable result with respect to riparian vegetation.
The lack of information to confirm the presence and elevation of shallow zones of saturation in riparian
areas is a data gap in understanding and monitoring the relationship between groundwater pumping,
shallow-zone groundwater levels and GDE’s. Shallow zones can benefit from local sources of recharge
that have little effect on water levels in deeper zones. For example, cottonwood trees along the edges of
irrigated fields had greater survival than ones farther out in the Salinas River channel (Zefferman, 2019).
This pattern is visible in the photograph shown in Figure 3.2-22 taken about halfway between Greenfield
and Soledad, for example.
Groundwater-dependent ecosystems can also occur in upland areas away from the river channels. The
NCCAG vegetation map shows three small areas of potential upland GDEs. Those areas total 2.64 acres
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in size and are mapped as “palustrine, emergent, persistent and seasonally flooded or saturated”. None
of them occur where groundwater would likely be near the ground surface. These areas are probably
seasonal wetlands created by local ponding of rainfall runoff and are unaffected by groundwater levels.

3.2.7.3

Steelhead Trout

The reaches of the Arroyo Seco and Salinas River that pass through or near the ASGSA area provide
seasonal passage for steelhead trout, an anadromous fish species. Adults migrate upstream from the
ocean to headwaters areas to spawn, and smolts (juveniles) migrate downstream to the ocean upon
reaching a certain size and maturity. Both rivers are intermittent in the ASGSA area and are not used as
year-round rearing habitat for steelhead (National Marine Fisheries Service [NMFS], 2007). Adult
steelhead migrate upstream when winter flow events breach the sand bar at the mouth of the Salinas
River lagoon and provide sufficient water depth for the fish to swim, typically between December and
March (Moyle, 2002). These criteria are reflected in reservoir release requirements developed by NMFS
for the SVWP to avoid adverse impacts on steelhead populations.
With respect to fish habitat, the low-flow regime of the Salinas River is governed by the amended
appropriative right permit issued by the SWRCB to MCWRA in 2008. The flow prescription in the permit
is a complex set of rules that attempts to provide adult and smolt migration flows with reasonable
regularity and duration. The flow prescription requires that releases from Nacmiento and/or San
Antonio Reservoirs be made to provide target flow rates and durations in the Salinas River at Chualar or
Spreckels (downstream of Soledad) based on time of year, current reservoir storage, hydrologic year
type, Arroyo Seco flow at the upper and lower gauges, flow in the Nacimiento River upstream of
Nacimiento Reservoir, and whether the mouth of the Salinas River is open to the ocean.
The flow prescription does not impose flow requirements on the Arroyo Seco because it is unregulated.
However, one of the criteria for SVWP reservoir releases is based on historical data indicated an average
loss of 167 cfs between the upper and lower gauges on Arroyo Seco.
The potential for groundwater pumping in the ASGSA area to impact steelhead passage opportunity is
discussed in Section 4.9 “Interconnected Surface Water”.

3.2.7.4

Off-Channel Wetlands

3.2.7.5

Future

As noted in the preceding riparian vegetation section, a few small areas totaling 2.64 acres are included
in the NCCAG vegetation map as “palustrine, emergent, persistent and seasonally flooded or saturated”.
Those locations could potentially support red-legged frogs or California tiger salamander, which are
listed species. However, the U.S. Fish and Wildlife Service (2019) did not designate any part of the
ASGSA area as critical habitat for those species. Also, none of the upland areas mapped as containing
GDE vegetation occur where groundwater would likely be near the ground surface. These areas are
probably seasonal wetlands created by local ponding of rainfall runoff and are unaffected by
groundwater levels.
Riparian vegetation and steelhead passage along the Arroyo Seco are not expected to change in the
future because the river is unregulated and there is no expected increase in groundwater pumping or
consumptive use in the ASGSA area. Riparian vegetation and fish passage along the Salinas River depend
on how Nacimiento and San Antonio Reservoirs are operated. NMFS withdrew its biological opinion in
2016. However, the amended water rights permit issued by the SWRCB retains the flow prescriptions,
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and NMFS is likely to implement similar requirements in the near future as part of a habitat
conservation planning process.

3.3 WATER BUDGET INFORMATION
3.3.1 Overview and Approach
The objective of the water budget analysis for this GSP is to prepare itemized, annual, groundwater and
surface water balances for four periods: pre-dam historical (represented by water years 1950-1957),
post-dam historical (1997-2008), current (2010-2015) and future (next 50 years). A water balance is the
application of the principle of conservation of mass to a hydrologic system with boundaries, referred to
in engineering terms as a “control volume”. Within that volume, conservation of mass dictates that total
inflows minus total outflows equals the change in storage.
To organize this effort, the overall hydrologic system was divided into four linked components. This
division partly reflects the tools used to obtain quantitative estimates of each flow term. The four
components consist of 1) hydrologic processes at the land surface (rainfall, runoff, irrigation and
recharge), 2) flow in creeks and rivers, 3) groundwater flow and storage, and 4) operation of Nacimiento
and San Antonio Reservoirs. These are linked because hydrology at the land surface produces runoff to
streams and recharge to groundwater, Salinas River inflows are partially regulated by reservoir
operations, and groundwater and stream flow are linked by seepage flows between the two. The
analysis of each component is described below.
3.3.2 Rainfall-Runoff-Recharge Model
Hydrology at the land surface was simulated using a rainfall-runoff-recharge model that includes the
processes of rainfall, interception, infiltration, runoff, evapotranspiration (ET), irrigation, urban
hydrology (impervious surfaces and pipe leaks), soil moisture storage, shallow groundwater storage and
recharge to groundwater. It evaluates these processes in one dimension for numerous small geographic
areas (recharge zones) that have unique combinations of the parameters that influence the processes.
The processes included in the model are shown diagrammatically in Figure 3.3-1.
To maintain consistency throughout the model flow domain (the entire Salinas Valley), consistency
between pumping and recharge fluxes, and consistency between historical and future simulations, the
rainfall-runoff-recharge model was applied to the entire valley, and simulated agricultural pumping was
used in lieu of metered pumping and estimates from prior groundwater modeling studies for historical
simulations. The valley floor was divided into polygons representing zones of relatively uniform
characteristics with respect to variables that strongly influence recharge: land use, soil type and rainfall.
Additional divisions were made along water management boundaries, such as subbasins and surface
water delivery service areas. This resulted in a total of 867 recharge zone polygons covering the Basin, of
which 115 were in the ASGSA area. Figure 3.3-2 shows a map of the recharge zones. In the figure, the
zones are shaded to indicate the simulated average annual groundwater recharge rate under future
baseline conditions, which assume continuation of current cropping and irrigation practices with some
urbanization of cropland around cities.
The rainfall-runoff-recharge model simulates each zone’s water balance daily over the water year 19502015 period. After subtracting interception, rainfall is partitioned into infiltration and runoff by a
stepwise-linear function that varies slightly according to soil texture, slope and antecedent moisture.
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Infiltration accrues to storage in the root zone, which has a maximum capacity equal to rooting depth
multiplied by available water capacity. In irrigated areas, an irrigation event is triggered if soil moisture
drops below a specified percentage of capacity. Applied water equals the soil moisture deficit plus an
increment representing irrigation inefficiency. For vineyards, applied water is reduced in summer if
regulated deficit irrigation is practiced. If the root zone storage overfills due to rainfall or irrigation, the
excess becomes deep percolation. In this respect, the model is a “bathtub” model; it does not simulate
unsaturated vertical flow. Deep percolation accrues to storage in a hypothetical shallow groundwater
zone, from which it is partitioned into stream base flow (first-order decay) and regional recharge
(constant rate). Stream base flow is significant in upland watersheds but not the valley floor, so the
shallow groundwater zone in the valley primarily attenuates recharge pulses. Zones are divided into
impervious, irrigated and non-irrigated fractions that are not explicitly mapped. A specified fraction of
impervious runoff accrues to soil moisture storage due to ponding and infiltration on adjacent pervious
soils, and the remainder is assumed to flow to streams. In urban zones, leaks from water and sewer
pipes are also added to deep percolation. The program produces three output files that are used in the
groundwater model: dispersed recharge, surface runoff that is combined with other streamflow data for
simulation of stream flows, and estimated groundwater pumping for irrigation that can be combined
with other pumping data for input to the groundwater model.
Complete documentation of the rainfall-runoff-recharge model is provided in Appendix F. It consists of a
Fortran program with associated Excel files. It is publicly available and free upon request to Todd
Groundwater. The program was originally designed to interface with MODFLOW groundwater models. It
was modified for this project to produce output by finite-element node location rather than by row and
column. Water use factors used in the rainfall-runoff-recharge model are not intended to obligate future
water use by any agricultural operation, and may vary significantly between agricultural operation and
crop type.
3.3.3 Groundwater Flow Model
An existing groundwater flow model of the Salinas Valley was selected to support preparation of this
GSP. The finite-element model was developed by Timothy Durbin in 2018 using the FEMFLOW3
computer program, which is public-domain software available from the U.S. Geological Survey. The
Salinas Valley application is known as the FFM18 model. It simulates water years 1950-2015 using
monthly time steps, with an initial one-year time step (nominally water year 1949) to absorb effects of
assumed initial conditions. Model documentation is provided in Appendix G. Additional minor
recalibration since 2018 included adjustments to parameters in the Upper Valley Subbasin to improve
simulation of water levels during droughts, and small changes to estimated Arroyo Seco bed
permeability to better match observed flow losses. Also, groundwater pumping for irrigation simulated
using the rainfall-runoff-recharge model was used throughout the simulation period. The original model
used pumping estimates from a previous modeling effort (SVIGSM model) for 1950 to the early 1990s,
then switched to metered pumping compiled by MCWRA. There appear to be discrepancies between
metered pumping and the previously-estimated pumping, and the metered pumping was also
inconsistent with estimates of dispersed recharge. Switching to simulated agricultural pumping
throughout the simulation period produced consistent estimates of pumping and recharge. It affected
individual calibration hydrographs in various ways but did not cause an overall degradation in calibration
accuracy.
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The model dynamically simulates groundwater-surface water interaction. This means that river and
stream flows entering at the model boundaries are routed downstream reach by reach, and in each
reach, flow to or from adjacent groundwater is calculated based on the difference in water level
between the stream and aquifer and the wetted area and permeability of the stream bed. Conservation
of mass is maintained for the groundwater and surface water systems. This capability is particularly
important for evaluating the effects of historical and future reservoir operation.
The 1950-2015 historical simulation used for model calibration includes three of the water budget
analysis periods. Model output used for water balance tabulation includes simulated monthly water
levels at hydrograph locations, simulated change in storage in the ASGSA and adjacent areas, and
simulated monthly flows in the Arroyo Seco and Salinas River at selected locations.
3.3.4 Reservoir Operations Model
A reservoir operations model was used to simulate operation of Nacimiento and San Antonio Reservoirs
over the 66-year future simulation period. Reservoir releases will not repeat the historical releases of
1950-2015 because (1) the operable storage of Nacimiento Reservoir was increased in 2009 by
modifying the spillway, (2) releases for fish migration are now required pursuant to the NMFS 2007
biological opinion for steelhead trout and (3) San Luis Obispo County is expected to begin using its full
entitlement of 17,500 AFY of reservoir yield. An operations model is needed to incorporate the fish flow
requirements and simulate alternative strategies for drought period operation. No existing operations
model is available, so one was developed to support preparation of this GSP. The spreadsheet model
simulates reservoir operation on a daily basis over the 66-year hydrologic period. It accounts for rainfall,
evaporation, inflows, fish flow release requirements, water supply releases, flood pool releases and
spills. The fish flow release requirements implement the complex set of decision criteria and
downstream flow objectives laid out in the flow prescription issued by NMFS pursuant to its biological
opinion for the SVWP. The model operates iteratively with the groundwater model, which supplies
estimates of percolation losses along the Salinas River and Arroyo Seco, which are used in the reservoir
operations model to estimate the amount of release needed to achieve a target flow at a downstream
location. Additional documentation of the reservoir operations model is provided in Appendix H.
3.3.5 Simulation of Future Water Budgets
Water budgets under future conditions were obtained from a future baseline simulation involving the
rainfall-runoff-recharge model, groundwater flow model and reservoir operations model. Data and
assumptions used in that simulation included:
•

Initial groundwater levels were the ending water levels of the calibration simulation (September
2015).

•

The simulation covered the same number of years as the calibration simulation (66) and
assumed that rainfall, ET0 and stream flow entering the model boundaries repeated the water
year 1950-2015 sequence.

•

Irrigated crop land and crop types remained the same as in 2014 throughout the simulation
(except for urban expansion).

•

Urban areas were assumed to be the anticipated 2040 footprints as shown in city and County
general plans. In most cases, the expanded area displaced cropland.
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•

Urban population was assumed to equal the projected 2040 population stated in the 2015
Urban Water Management Plans (UWMPs) for the larger urban areas. For small towns,
population growth over the next 25 years was assumed to be the same as over the past 25
years. Urban water use was estimated by multiplying population by the target 2020 per-capita
water use factors in the UWMPs. Additional municipal wells were assumed to be installed to
supply future population growth and were assumed to be at model node locations near the
urban expansion areas.

•

Urban wastewater generation was assumed to equal 67 percent of gross urban water use, which
was the percentage in Greenfield in recent years. Wastewater was assumed to be percolated to
groundwater at the locations of existing wastewater treatment plants.

•

Agricultural water demand throughout the valley was simulated using the rainfall-runoffrecharge model. CCWC deliveries of diverted Arroyo Seco water were assumed to repeat the
1950-2015 sequence, and those volumes were subtracted from irrigation demand to obtain
estimated groundwater pumping for irrigation in the CCWC service area. For the Castroville
Seawater Intrusion Project (CSIP) service area, recycled water was assumed to supply 63 percent
of the irrigation demand (the average percentage during the past 10 years). Salinas River water
delivered from the Salinas River Diversion Facility was assumed to equal 18 cfs during the
months when the reservoir operations model indicated that water supply releases would be
made. The remaining irrigation demand was met by groundwater pumping.

•

San Luis Obispo County was assumed to take its full entitlement of Nacimiento water (17,500
AFY) every year.

•

Releases from Nacimiento and San Antonio Reservoirs to support steelhead migration and fish
habitat immediately below the dams were in accordance with the flow prescriptions pursuant to
the 2007 NMFS biological opinion for the SVWP. The flow prescription is included in the
amended water rights permit issued to MCWRA by SWRCB.

•

Releases from Nacimiento and San Antonio Reservoirs for groundwater recharge and diversion
at the SRDF were assumed to be made from May through September every year until reservoir
storage was too low to supply the releases. At that point, releases were curtailed until storage
recovered enough to resume them. In practice, this resulted in 8 years with no water supply
releases, corresponding to historical years 1955, 1961, 1977, 1990-1991, 2009 and 2014-2015.
This is larger than the historical number of no-release years because reservoir outflows for San
Luis Obispo County users and for fish flows are greater than they were historically.

3.3.6 Surface Water Budgets
Water budgets were prepared for the reaches of the Salinas River and Arroyo Seco that pass through or
beside the ASGSA area. For each waterway, inflows included flow from upstream reaches, inflow from
small tributaries entering in the ASGSA reach, and accretions from groundwater. Neither waterway
receives surface discharges from wastewater facilities or irrigation canals. Outflows included surface
diversions along the ASGSA reach, percolation to groundwater, and outflow to the reaches downstream
of ASGSA area. Precipitation and evaporation to and from the river surface are tiny compared to the
other flow items and were not included in the surface water budgets.
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Water budgets were tabulated monthly (which is the interval for which the groundwater model supplies
groundwater-surface water exchange flows) and subtotaled to annual values. Stacked-bar plots of the
annual water budgets for both streams are shown in Figure 3.3-3. Tables listing the data are presented
in Appendix I. For both rivers, the largest water balance items by far are inflow from upstream reaches
and outflow to downstream reaches. These flows varied tremendously from year to year due to
variations in rainfall and—in the case of the Salinas River—reservoir releases. For example, Salinas River
flow entering the ASGSA area ranged from 12,000 AFY to 583,000 AFY during 1950-1957, from 79,000
AFY to 849,000 AFY during 1997-2008 and from 50 AFY to 301,000 AFY during 2010-2015.
Net percolation loss is a small percentage of flow on an annual basis in normal and wet years. Simulated
percolation from the Salinas River between the upstream and downstream boundaries of the ASGSA
area were simulated using the groundwater flow model, which was calibrated to match gauged
percolation losses over the longer reach between Bradley and Soledad. Even in dry years (annual
discharge less than 60,000 AF), annual percolation was only 25 percent of inflow. This is partly because
the Arroyo Seco GSA reach comprises only 10 percent of the total river length in the Salinas Valley, so
flow events that reach the upstream boundary are commonly large enough to produce outflow at the
downstream boundary. In normal and wet years, annual percolation is limited by the percolation
capacity of the river bed. In years with more than 65,000 AF of Salinas River inflow (the top 86 percent
of annual flows), annual percolation is almost always 15,000-20,000 AF. When river flow resumes after a
hiatus, percolation is relatively high, both as a rate (in cfs) and as a percentage of upstream inflow. It is
not uncommon under those circumstances for percolation along the ASGSA reach to be 30-50 cfs, or 1020 percent of the inflow.
The wet and dry years for Arroyo Seco flows generally mimicked the sequence for the Salinas River
because both watersheds experience the same regional weather systems. However, there were notable
differences in dry year flows resulting from the effects of reservoir operation on Salinas River flows.
Major releases were not made during four years since 1968, which is the period when both reservoirs
have been operating: 1990 and 2014-2016. A comparison of annual discharge in the two rivers in each of
those years as a percent of their 1969-2018 averages is shown in Figure 3.3-4. Salinas River flow was
substantially less than Arroyo Seco flow in three of the four years because the reservoirs were capturing
and storing the small runoff events that occurred even during those dry years.
Annual percolation along the Arroyo Seco between the upper and lower gauges averaged 34,200 AFY
during the 1995-2018 period of record and ranged from 7,800 AFY in an exceptionally dry year (2014) to
57,000 AFY in a wet year (2003). These estimates account for inflows from Reliz Creek and diversions by
CCWC. The ASGSA area includes the upper 76 percent of the inter-gauge reach and an unknown but
higher percentage of annual percolation.
CCWC diversions have ranged from 1,289 AFY to 16,026 AFY since 1950 and averaged 7,258 AFY. As a
percentage of annual discharge, the diversions averaged 10 percent and ranged from 2 percent in many
years to 45 percent in 1977. These diversions are used entirely within the ASGSA area. There are no
diversions from the Salinas River along the reach adjacent to the ASGSA area.
Pie charts showing average annual surface water balances for the four water budget analysis periods are
shown in Figure 3.3-5. Water balances were tabulated separately for the Salinas River and Arroyo Seco,
and for each waterway there are separate pie charts for inflows and outflows. For both waterways,
inflow from the upstream watershed accounts for almost all inflow in all of the analysis periods, with
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local tributaries contributing a small additional increment. For the Salinas River, river outflow is also the
dominant term in the water balance, but percolation accounts for a small percentage. Notably,
percolation loss was a larger percentage of outflow during the “existing” condition analysis period,
which included a major drought. For the Arroyo Seco, the proportions of the four outflow terms were
similar in all of the budget analysis periods except that percolation losses were a larger percentage
during the relatively dry “existing’ analysis period. In contrast to the Salinas River, surface outflow in the
Arroyo Seco accounted for only 71-78 percent of total outflow, in contrast to the Salinas River where it
was 91-96 percent.
3.3.7 Groundwater Budgets
Annual groundwater budgets for the ASGSA area were compiled by combining information from the
rainfall-runoff-recharge model, groundwater model, and measured or estimated municipal and rural
domestic pumping. The FFM18 model does not have a utility program to calculate complete water
budgets for subregions of a groundwater model; it can only provide river gains/losses and storage
changes for subregions. Consequently, net groundwater inflow to the ASGSA area was estimated as the
residual in the water balances. Groundwater inflow and outflow could not be tabulated separately.
However, in all but one year there was more inflow than outflow.
A stacked-bar chart showing annual water budgets during 1950-2015 is shown in Figure 3.3-6. Tables
listing the data are presented in Appendix I. Inflows are stacked upward from the X axis and outflows
are stacked downward. Inflows are not dominated by any single flow term; four terms contribute
significant percentages of the inflows. Rainfall recharge varies substantially between wet and dry years,
but deep percolation of applied irrigation water is more constant. The combined total of those sources
of dispersed recharge ranged from 8,700 AFY in 2002 to 35,400 in 1998. Salinas River percolation was
consistently around 10,000-15,000 AFY in years with normal reservoir operation. River recharge
plummeted in years when major releases were not made from the reservoirs, to 800-3,600 AFY in 1990,
2014 and 2015. Arroyo Seco percolation was variable but usually the largest source of inflow. It ranged
from 400 AFY in 1977 to 41,800 AFY in 2010. Net groundwater inflow varies substantially from year to
year in the bar chart. This variability is at least partly an artifact of estimating net inflow as the residual
in the water balance. In reality, the flow is likely more constant from year to year and close to the
average of the annual flows shown in the chart, which was 7,700 AFY.
Storage changes in the ASGSA area were obtained from the groundwater flow model. The cumulative
storage change line shown on the stacked-bar chart shows that groundwater storage declined during
droughts (1959-1961, 1976-1977, 1987-1992 and 2012-2016) and recovered during normal and wet
years. The total range of storage fluctuations was 140,000 AF. The simulation period ended during a
major drought during which storage reached the lowest level of the entire period. This is not an
indication of long-term overdraft. When initial storage in 1950 is compared with a recent pre-drought
year such as 2011, the long-term trend is approximately level, indicating a sustainable condition.
Average annual groundwater budgets during each of the four analysis periods are shown as pie charts of
inflows and outflows in Figure 3.3-7. The components of groundwater inflows are the same for all of the
analysis periods, but their proportions vary somewhat. Major releases from Nacimiento and San Antonio
Reservoirs created more Salinas River recharge in all of the post-dam periods relative to the pre-dam
period. Recharge from small streams and dispersed recharge from rainfall and irrigation return flow are
similar across all four periods. Arroyo Seco recharge varied among the periods mainly due to the
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unregulated flow patterns that occurred in each period. The future period has the longest time base and
provides the best estimate of average annual future recharge. During the current conditions period
(2010-2015), Salinas River recharge decreased relative to Arroyo Seco recharge due to the drought and
curtailment of major reservoir releases. Agricultural pumping accounted for over 75 percent of total
outflows in all four water budget analysis periods. The drought during the 2010-2015 period was
associated with a larger component of storage depletion.
3.3.8 Sustainable Yield
The sustainable yield of the ASGSA area is approximately equal to the current amount of groundwater
pumping. In a region such as this one with conjunctive use of surface water and groundwater, the
concept of sustainable yield applies to the entire system, not just groundwater. In the ASGSA area,
CCWC delivers water from the Arroyo Seco to fields within the area, and the SVWP augments
groundwater recharge from the Salinas River by storing and releasing water from Nacimiento and San
Antonio Reservoirs.
Groundwater pumping is equal to or less than the sustainable yield if there are no signs of groundwater
overdraft. One definition of overdraft is presented in DWR Bulletin 118:
Overdraft is “the condition of a groundwater basin or subbasin in which the amount of
water withdrawn by pumping exceeds the amount of water that recharges the basin
over a period of years, during which the water supply conditions approximate average
conditions.”
Hydrographs of water levels in wells within the ASGSA area do not exhibit long-term declining trends
(see Figures 3.2-2a-c). Another definition of overdraft is pumping in excess of safe yield, which is the
amount of groundwater that can be withdrawn annually without producing an undesirable result (Todd,
1959). Under this broader definition, it is less clear whether pumping is within the sustainable yield
because of the undesirably low water levels that occurred during the 2012-2016 drought. Those water
levels were linked to reservoir operation, not a change in groundwater pumping. Under alternative
reservoir operation (consistent with the SVWP and MCWRA’s appropriate right permit), excessively low
water levels could have been avoided. Therefore, the groundwater part of the system was arguably
operating within its sustainable yield, and the surface water part could have been.
Existing ASGSA area pumping could not be substantially increased without exceeding the sustainable
yield. Evidence for this consists of the long-term water-level declines in wells northeast of the ASGSA
area where pumping intensity is above average because the wells supply off-site vineyards in addition to
local fields (see Figure 3.2-2d).
In summary, the sustainable yield of the ASGSA area is probably between the average pumping during
the post-dam historical period and average pumping during the current period, or about 48,000 AFY.
This assumes that factors affecting recharge remain the same, including irrigation efficiency, CCWC
diversions from the Arroyo Seco, SVWP operation, stormwater and wastewater management in
Greenfield, and groundwater inflow from up-valley areas.
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3.4 MANAGEMENT AREAS
There is no need to subdivide the ASGSA area into management areas because it is small to begin with
and the sustainability criteria, monitoring programs and management actions developed for this GSP
apply equally well to all parts of the area. The ASGSA comprises only 6 percent of the area of the Salinas
Valley. Its groundwater conditions are distinct from those in the rest of the valley because of the local
influence of Arroyo Seco recharge. Internally, however, conditions are sufficiently uniform to be
managed as a single unit with a uniform set of sustainability criteria.
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4 SUSTAINABLE MANAGEMENT CRITERIA
4.1 SUSTAINABILITY GOAL
The goal of this GSP is to maintain groundwater conditions in the ASGSA area within a range that
supports existing beneficial uses of water during the next 40 years without causing undesirable results in
the more distant future or in adjacent areas.
This chapter explores whether present groundwater conditions are sustainable with respect to six
sustainability indicators. With two exceptions, conditions appear to be sustainable. One exception is the
impact of current operation of the SVWP on groundwater levels during droughts. The other is gradual
long-term increases in groundwater salinity caused by evaporative concentration of applied irrigation
water. In both cases, this GSP proposes management actions to achieve sustainability.

4.2 SUSTAINABILITY INDICATORS
SGMA characterizes sustainability as the absence of undesirable results, which are defined as
“significant and unreasonable effects” related to any sustainability indicator that are caused by
groundwater conditions. It lists six sustainability indicators, which are categories of undesirable results
that must be addressed in a GSP. The six indicators are:
•
•
•
•
•
•

Chronic lowering of groundwater levels indicating a significant and unreasonable depletion of
supply
Significant and unreasonable reduction of groundwater storage
Significant and unreasonable seawater intrusion
Significant and unreasonable land subsidence that substantially interferes with surface land uses
Significant and unreasonable degraded water quality, including the migration of contaminant
plumes that impair water supplies
Depletions of interconnected surface water that have significant and unreasonable adverse
impacts on beneficial uses of the surface water

For each of these sustainability indicators, the GSP must develop quantitative sustainability criteria that
define minimum thresholds and measurable objectives. The quantitative criteria must involve variables
that can be measured and monitored in wells and streams. Minimum thresholds represent the boundary
between acceptable and unacceptable conditions. Measurable objectives define the range of desirable
conditions for each variable.
Several of the undesirable results are directly or indirectly related to groundwater levels. That is,
conditions related to groundwater storage, subsidence and interconnected surface water worsen as
water levels decline. As a result, the sustainability criteria for those indicators are interrelated and need
to be compared for consistency.
The quantitative definitions of sustainability criteria in this GSP vary in approach. For some sustainability
indicators they can be defined in terms of water levels in individual wells, and ongoing monitoring can
provide clear indication of whether conditions are approaching minimum thresholds. For groundwater
quality, changes in ambient concentrations lag behind changes in land use by decades to centuries.
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Consequently, groundwater-quality monitoring can give misleading results. Implementation of best
management practices is more effective than a monitor-and-respond approach for managing nitrate and
salinity. Depletion of surface water by groundwater pumping requires unusual sustainability criteria in
the Salinas Valley because of the conjunctive operation of groundwater and reservoir releases. Changes
in percolation losses are compensated by adjustments in reservoir releases, so the impact of pumping
on river flow manifests in terms of the frequency and duration of periods when Nacimiento and San
Antonio releases are reduced to the minimum rates of 60 cfs and 10 cfs, respectively, due to lack of
storage to support major releases for steelhead migration, conservation and SRDF diversion.
Accordingly, the minimum threshold is defined in terms of reservoir storage and releases, not induced
percolation from the river near the ASGSA area. Details of these site-specific approaches to
sustainability criteria are described in this section for each sustainability indicator.

4.3 UNDESIRABLE RESULTS, MINIMUM THRESHOLDS AND MEASURABLE OBJECTIVES
Minimum thresholds mark the boundary between acceptable and undesirable groundwater conditions
for physical variables linked to each sustainability indicator. The adjective “minimum” can be misleading
because in some cases undesirable results occur when a variable is too high rather than too low. This is
the case, for example, for concentrations of pollutants or amounts of inelastic subsidence.
Per Water Code Section 354.28(b) the minimum threshold descriptions for each sustainability indicator
must address the following specific information:
1. The information and criteria relied upon to establish and justify the minimum threshold.
2. How the minimum threshold will avoid undesirable results for each of the other sustainability
indicators, not just the indicator for which it was initially developed.
3. How the minimum threshold will avoid causing undesirable results in adjacent basins and not
diminish the ability of adjacent basins to achieve sustainability goals.
4. How the minimum threshold may affect the interests of beneficial uses and users of
groundwater or land uses and property interests.
5. How the minimum threshold relates to local, state or federal standards and regulations relevant
to the sustainability indicator.
6. How the minimum threshold will be quantitatively measured, consistent with the monitoring
network requirements described in Subarticle 4.
Measurable objectives refer to specific, quantifiable goals for the maintenance or improvement of
groundwater conditions and are included in a GSP to help achieve the sustainability goal for the basin.
They represent the desired groundwater conditions. Groundwater conditions are expected to vary over
time—particularly under conjunctive use operation—so for many of the sustainability indicators
measurable objectives are presented as a range of values.
The remainder of this chapter is organized by sustainability indicator, with a discussion of undesirable
results, minimum threshold, measurable objective and related monitoring program elements and
management actions in the section for each indicator. This organization by topic supports a logical
progression through the evaluation steps for each sustainability indicator, given that each indicator has
its own set of underlying information. The recommended monitoring program elements and
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management actions are described and justified at a conceptual level. Details of their implementation
are presented for all sustainability indicators in Sections 5 (“Monitoring Program Details”) and Section 6
(“Management Action Details”).

4.4 GROUNDWATER LEVELS
4.4.1 Undesirable Results
The sustainability of groundwater levels can be evaluated with respect to long-term trends and with
respect to occurrence of undesirable results. Some undesirable results can happen during temporary
declines in water levels even if long-term trends are flat.
In the ASGSA area, groundwater hydrographs do not exhibit long-term declining trends. In the
southwestern part of the area (the upper part of the Arroyo Seco Cone), recharge from the Arroyo Seco
is sufficient to prevent substantial water-level declines during droughts and to quickly restore water
levels following droughts (see Figure 3.2-2). In the eastern part of the area (near the Salinas River),
releases from Nacimiento and San Antonio Reservoirs are sufficient to maintain stable water levels in
almost all years. When major releases are curtailed, however, groundwater levels decline at rates of 10
or more feet per year. Cumulative water-level declines during 2013-2016 were on the order of 35 feet in
many wells near the Salinas River, as shown for well 18S07E28K01 on Oak Avenue between 1st and 2nd
Streets in Figure 4.4-1. This pattern of normal water-level stability punctuated by infrequent, droughtrelated declines reflects the management of the reservoir releases.
Declining groundwater levels directly relate to several potential undesirable effects. Effects of low water
levels on groundwater storage, land subsidence and interconnected surface water are described in
subsequent sections. Effects on well users are described here. As water levels decline in a well a
sequence of increasingly severe undesirable results will occur. These are illustrated in Figure 4.4-2. The
most immediate effect is an increase in pumping costs because the amount of energy required to pump
groundwater up to the land surface goes up. This effect is unavoidable. A second gradational and
concurrent impact is a decrease in pump output (in gallons per minute). A substantial decrease in the
output of an irrigation well for even a week or a month can have severe economic impacts on the
farming operation because the crop might be lost.
Most high-capacity turbine pumps have a flat performance curve, which means that pump efficiency
and pumping rate decrease significantly as water levels decline below the optimal level. Figure 4.4-3
shows the performance curve for a typical deep-well turbine pump. In this example the pump is
designed to produce 800 gallons per minute (gpm) with maximum efficiency when total head is 70 feet.
Total head equals the sum of the static depth to water, drawdown in the well when the pump is running,
output pressure (varies by irrigation method) and minor velocity-related flow resistance. Pumps are
typically selected based on the anticipated average static water level. A drop in the static water level
forces the pump to operate farther from the design conditions, with a large reduction in output. In the
example curve, a decline of only 10 feet in groundwater levels would increase total head from 70 to 80
feet and decrease pump output by a factor of four, from 800 to 200 gpm.
The impact of declining water levels on well output is not because the basin has insufficient storage or
that the well screen is too dewatered to pass the same amount of flow (with possible exceptions near
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the eastern basin margin), it is because most irrigation pumps have flat performance curves and cannot
produce at a constant rate over a range of water levels.
With further water-level declines, the pump will break suction, which means that the water level in the
well has dropped to the level of the pump intake. This can be remedied by lowering the pump inside the
well, which is not nearly as expensive as replacing the pump or motor but can cost thousands of dollars.
Chronically declining water levels will eventually drop below the top of the well screen, either
temporarily when the pump is operating or continuously if the static (non-pumping) water level is below
the top of the screen. This exposes the screen to air, which can produce two types of undesirable
results. Water entering the well at the top of the screen will “cascade” down the inside of the well,
entraining air in the process. This increases the likelihood of bubbles forming at low-pressure points
within the pump—a phenomenon called cavitation—which over the long term damages the pump
impellers. The other undesirable result is accelerated corrosion of the well screen if it is made of mild
steel, which is the most commonly-used material. Corrosion eventually creates a risk that the well
screen will collapse at that point, which would likely render the well unusable.
Finally, if water levels decline by more than about half of the total thickness of the aquifer (or total
length of well screen), water might not be able to flow into the well at the desired rate regardless of the
capacity or depth setting of the pump. This might occur, for example, in irrigation wells near the eastern
edge of the basin where the thickness of basin fill materials is relatively thin.
4.4.2 Minimum Threshold
The SGMA Regulations (§354.28(c)(1)) state that “The minimum threshold for chronic lowering of
groundwater levels shall be the groundwater elevation indicating a depletion of supply at a given
location that may lead to undesirable results.” In ASGSA, long-term water-level hydrographs do not
exhibit long-term declining trends. Low groundwater levels occur during droughts when recharge is
small, and particularly when MCWRA is not making major releases from Nacimiento and San Antonio
Reservoirs. These temporary water-level declines during droughts are chronic in the sense that they
recur each time there is a large drought, even though they are not chronic in the sense of a continuous
declining trend. The impacts of recurring low water-level events can be severe in terms diminished
pumping rate and crop loss even if the low levels are temporary. This occurred during 2016, for
example, when inflows were stored (that were arguably not surplus water) and rearing releases for fish
below Nacimiento Dam were reduced to only 30 cfs (which arguably should have been 60 cfs). It is
undesirable for water levels to decline below the minimum threshold even for periods as short as a
week or month.
The minimum threshold for water levels could be defined relative to the depths of the pump intake or
top of screen in individual wells. ASGSA rejected this approach because well construction is highly
variable, and some wells appear to have been operating with water levels below the top of the screen
for decades (Feeney, 1994). Also, this approach could cause the use of groundwater storage capacity to
be constrained by the shallowest well, which would be unreasonable. More broadly, stakeholders
shared a philosophy that each groundwater user is responsible for installing a well and pump adequately
designed to produce sufficient water in the presence of fluctuating water levels, which are inevitable in
a basin shared by many users.
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Instead, ASGSA opted to use December 2015 groundwater elevations—with local adjustments—to
define the minimum threshold for water levels. At almost all wells monitored by MCWRA in the ASGSA
area, groundwater levels progressively declined during 2013-2016 and reached the lowest point of the
historical record in December 2016. Undesirable results began occurring in 2015, and stakeholders
reached a consensus that December 2015 water levels would be a suitable minimum threshold for water
levels. The rationale for this empirical definition includes the following considerations:
•

•

•

It is simple to implement. The only information needed is the December 2015 and current-year
depth to water in the well. No information is needed about pump intake elevations,
performance curves, or screened intervals.
Wells throughout the ASGSA area continued to supply sufficient water to support existing
beneficial uses until December 2015 except for some wells near the Salinas River. For that area,
the minimum threshold was adjusted slightly upward as described below.
It treats all wells equally, regardless of depth or type of use. Thus, the ability to utilize
groundwater storage during droughts is not constrained by unusually shallow wells, domestic
wells, or other subset of wells.

In the area near the Salinas River where some wells went dry or experienced a dramatic decrease in
yield beginning in mid-2015, the minimum threshold was adjusted upward by the amount of water-level
decline that occurred during the second half of 2015. For example, the owner of an irrigation well near
well 18S07E28K01 lowered the pump in response to declining water levels in June 2015.
The minimum threshold groundwater elevations were contoured between monitoring well locations to
produce a continuous surface of groundwater elevation that can be used for planning, storage
calculations, and designing new wells. This surface is shown in Figure 4.4-4 as contours of elevation in
feet above the NAVD88 datum. The point elevations used for contouring are shown on the map and
were based on December 2015 measured water levels in 43 wells monitored by MCWRA. The data were
gridded and contoured by kriging, using the default settings in Surfer© software. Several wells caused
conspicuous deflections of the contour pattern that were presumed to have resulted from abnormal
conditions in those wells at the time of the measurement, such as residual drawdown from recent
pumping. Ten of the measurements were considered abnormal and were adjusted up or down by up to
nine feet to obtain a smoother contoured surface more consistent with a regional groundwater flow
pattern.
The minimum-threshold water-level surface is shown in Figure 4.4-5 as contours of depth to water, in
feet. The depth to water information can be used by drillers to know in advance the lowest water levels
likely to occur at any location and select the borehole depth and well design accordingly.
The contoured surface of minimum-threshold water levels applies to wells of all depths. Consistent with
the absence of identifiable aquifer units in the ASGSA area, the basin thickness down to the depths of
the active pumping wells is considered a single aquifer unit with a single surface of minimum threshold
water levels.
The minimum threshold is based on measured water levels in December (occasionally November), which
is when MCWRA collects its most complete set of water-level measurements throughout the Salinas
Valley. Problematic low water levels have historically occurred after successive years of cumulative
water-level decline during droughts. Therefore, annual monitoring of water levels is sufficient to
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determine whether the minimum threshold has been crossed. If water levels are approaching the
minimum threshold in December, they will likely drop below the threshold during the following
irrigation season if conditions remain dry and releases from Nacimiento and San Antonio Reservoirs are
decreased to the minimum rates for fish rearing below the dams (i.e. 60 cfs from Nacimiento and 10 cfs
from San Antonio). This timing of measurement provides growers at least a few months to plan or
adjust their farming operations before the main irrigation season commences.
The minimum threshold is also defined statistically, so that general conclusions about groundwater
conditions are not drawn on the basis of a small number of atypical wells. Based on well depth, specific
capacity and recent pumping history, water levels at some wells might have abnormally low water levels
in any given year. Accordingly, the onset of undesirable results is defined as occurring when 15 percent
or more of the monitored wells have December water levels below the minimum threshold elevation.
This is smaller than the percentage of abnormal measurements in the December 2015 data set, but a
larger percentage might conceal a real problem, such as declining water levels at a subset of wells near
the Salinas River.
The indicator wells selected for evaluating sustainability and the occurrence of minimum-threshold
exceedances are the 43 wells in and near ASGSA currently monitored by MCWRA plus additional wells
identified by ASGSA as providing better geographic coverage of groundwater conditions. The latter wells
will be monitored by ASGSA as described in Chapter 5 “Monitoring Network Details”. The minimumthreshold water-level at each of the existing monitoring wells is listed in Table 4.4-1 (at the end of
Chapter 4) and is the elevation of the contoured minimum-threshold water-level surface at the well
location.
The minimum thresholds for water levels will achieve sustainable groundwater conditions. Except
temporarily during droughts, current reservoir operation and local recharge are sufficient to sustain
existing and projected future agricultural and urban land uses without chronic declines in water levels.
The temporary drought impacts will be avoided if the management action to reoperate the reservoirs is
successfully implemented. That would modify how reservoir yield is distributed over time to avoid large
and prolonged reductions in releases and groundwater levels during long droughts.

4.4.2.1

Relationship of Minimum Threshold to Other Sustainability Indicators

Below are brief descriptions of how the water level minimum thresholds might affect the ability to avoid
exceeding the minimum thresholds for other sustainability indicators. Additional explanation of the
interrelationships is presented in the discussions of those indicators later in this chapter.
•

Groundwater Storage. The minimum threshold for groundwater storage is similarly defined in
terms of the cumulative decrease in storage that actually occurred as of 2015 during the recent
drought. Therefore, the minimum thresholds for water levels and storage are compatible.

•

Seawater Intrusion. There is no possibility of seawater intrusion in the ASGSA area. Hence,
there is no intrusion minimum threshold and no relationship with other minimum thresholds.

•

Subsidence. Subsidence is linked to water levels. There is no evidence that significant inelastic
subsidence occurred during the recent drought. Therefore, the 2015 water levels are high
enough to avoid subsidence and would not pose a problem for exceeding the subsidence
minimum threshold.
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•

Water Quality. The major groundwater quality problems in the ASGSA area are primarily a
function of pollutant loads and flow rates, not groundwater levels. Therefore, the water level
minimum threshold would not interfere with the water quality minimum threshold.

•

Interconnected Surface Water. The minimum thresholds for depletion of flow in the Arroyo
Seco and Salinas River are based on historical measured percolation losses or reoperation of the
reservoirs to avoid three consecutive years without major releases. The water level minimum
thresholds are equal to or higher than historical water levels and would not increase percolation
from interconnected river reaches.

4.4.2.2

Effect of Minimum Threshold on Sustainability in Adjacent Areas

Well operators in the Upper Valley Subbasin and non-ASGSA parts of the Forebay Subbasin experienced
reductions in pumping capacity during 2014-2016 similar to the reductions experienced in the eastern
part of the ASGSA area. Water levels in all of those areas were lowest in 2016. Maintaining ASGSA water
levels above the December 2015 levels would reduce undesirable results in adjacent areas relative to
the impacts experienced during the recent drought.
The minimum threshold for water levels in the 180/400 Foot Aquifer Subbasin has also been defined in
terms of actual 2015 water levels (SVBGSA, 2019a). It is expected that SVBGSA will use a similar
definition for other parts of the Salinas Valley. The similar definitions of the minimum threshold in the
ASGSA area and adjacent areas ensures that the minimum threshold presented here will not interfere
with maintaining water levels above the minimum thresholds in adjacent areas.

4.4.2.3

Effect of Minimum Threshold on Beneficial Uses

Beneficial uses potentially affected by the minimum threshold for water levels were grouped and
evaluated as follows:
•

Agricultural Land and Water Users. The minimum threshold for water levels is beneficial for
agricultural water users because it is higher than water levels in 2016, which were associated
with reduced pump output and temporary fallowing in parts of the ASGSA area near the Salinas
River.

•

Urban Land and Water Users. The minimum threshold is beneficial for the City of Greenfield
because it will avoid the higher pumping costs associated with the low water levels that
occurred during 2016.

•

Rural Domestic Land and Water Users. Rural domestic well owners will face less risk of wells
going dry due to low water levels because the minimum threshold is higher than the low water
levels that occurred during 2016.

•

Surface Water Users. Riparian and aquatic ecosystems will benefit if the management action to
prevent excessively low water levels is implemented, which is reoperation of Nacimiento and
San Antonio Reservoirs to avoid more than two consecutive years without major releases. On an
average annual basis, major releases available at the primary downstream diversion location
(the SRDF) are expected to remain approximately the same with reservoir reoperation. This is
discussed in greater detail in the sections on sustainability criteria for interconnected surface
water and GSP management actions.
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4.4.2.4

Relationship of Minimum Threshold to Regulatory Standards

4.4.2.5

How the Minimum Threshold will be Monitored

No federal, state or local standards exist for groundwater levels.

For the purposes of avoiding undesirable results related to well operation and groundwater storage, the
density of wells in MCWRA’s existing water level monitoring network is adequate throughout most of
the ASGSA area. Two additional wells are recommended in the upper part of the Arroyo Seco Cone, plus
one in the lower part of the Arroyo Seco canyon just upstream of the cone. New shallow water level
monitoring wells at several locations near Arroyo Seco and the Salinas River are further recommended
in the “Interconnected Surface Water” section.
Water levels in monitoring network wells will be measured annually in November-December and
compared with the minimum threshold specified for each well. For wells in the existing monitoring
network, the minimum thresholds are listed in Table 4.4-1. Additional wells will be added to the
monitoring network, and minimum thresholds for those well locations will be selected from the
contoured minimum threshold water-level surface (see Figure 4.4-4). Up to 15 percent of wells can have
water levels below the minimum threshold before the situation is deemed undesirable. Additional
description of the monitoring program is provided in Chapter 5.
4.4.3 Measurable Objective
DWR’s Best Management Practices document for sustainability criteria conceptualize “measurable
objectives” as a desired water-level surface similar to the minimum threshold water-level surface. In
practice, however, there is no single water-level surface that is desirable. Groundwater serves as a
storage bank that can be drawn down during droughts and replenished during wet years. Water levels
necessarily fluctuate with these changes in storage. Accordingly, the measurable objective for water
levels in the ASGSA area is to manage them within a designated operable range. This operable range of
water levels is depicted graphically on an example hydrograph in Figure 4.4-6.
The minimum-threshold water-level surface defines the bottom of the operable range of water levels.
The upper end is 10 feet below the ground surface. Historically, shallow groundwater levels have not
been an issue in the ASGSA area. Conceptually, however, water levels would be too high if they rose into
the root zone of crops or landscape vegetation. For all crops grown in the area as well as landscape
vegetation, a water table 10 or more feet below the ground surface would avoid waterlogging and
associated root rot or stunting of growth. A contour map of elevations 10 feet below the ground surface
(estimated as 12 feet below the reference point elevations at water-level monitoring wells) is shown in
Figure 4.4-7. It is much more uneven than the minimum threshold elevations because topography in the
ASGSA area is rugged. It is not a surface that a water table would tend to follow overall, but it marks the
elevation at any location above which the water table would potentially cause undesirable results. The
elevation corresponding to the upper end of the operable range of water levels is listed as the
“maximum desirable water level” for each indicator well in Table 4.4-1.
4.4.4 Management Actions
The principal management action related to groundwater levels is to work with MCWRA to reoperate
Nacimiento and San Antonio Reservoirs in such a way that major releases are not interrupted for more
than two consecutive years. An additional element of reoperation should be to adhere to the terms of
the water rights permit issued by the SWRCB to MCWRA for operation of the reservoirs. Only water that
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is surplus to the needs of downstream senior water rights holders—which includes groundwater users in
the Salinas Valley—may be stored. In practice, this would mean passing through any reservoir inflows up
to the percolation capacity of the Salinas River (about 700 cfs) at times when groundwater levels are
below the normal seasonally recovered elevations.
Contingent actions to be implemented if water levels drop below the minimum threshold will be
implemented by individual well owners as they see fit. Individual well owners are responsible for dealing
with the impacts of low water levels on their well yields and irrigation activities, and they can choose to
replace or lower pumps, fallow part of their land, or take other actions. Domestic well owners would
similarly be responsible for lowering their pump or deepening their well if water levels unexpectedly fell
below the minimum threshold.
The occurrence of major releases will be monitored on the basis of gauged reservoir releases (obtained
from MCWRA) and gauged flow in the Salinas River near Bradley (USGS Site 11150500). A year without
major releases is one in which there were fewer than 30 days during February-October with releases
from Nacimiento and/or San Antonio Reservoirs or with natural flow at Bradley in excess of 500 cfs.
Major releases are further defined as producing continuous flow from the reservoirs to the SRDF. As
defined earlier, major releases include releases for steelhead passage, groundwater recharge
(“conservation”) and diversion at the SRDF. All of these produce substantial groundwater recharge along
the Salinas River.
Complete descriptions of proposed management actions are presented in Chapter 6.

4.5 GROUNDWATER STORAGE
4.5.1 Undesirable Results
The groundwater storage sustainability indicator addresses the ability of the groundwater basin to
support the planned amount of pumping even during droughts. Groundwater storage is linked to
groundwater levels, but water levels do not by themselves indicate the amount of available water. In
deep basins there is a large amount of storage even when water levels reach their minimum thresholds,
whereas in small shallow basins accessible groundwater can run out if the water-level minimum
threshold is near the base of the basin.
4.5.2 Minimum Threshold
The minimum threshold for reduction of groundwater storage is the cumulative decrease in storage that
occurs during a drought when pumping is at the sustainable yield level. The cumulative decrease in
storage during the recent drought can serve as an estimate of the minimum threshold under current
water budget conditions. During 2013-2015, storage in the ASGSA area decreased at an average rate of
19,600 AFY, for a total of 58,800 AF, as simulated using the FFM18 groundwater model. Water levels
and storage continued to decrease through 2016. However, the minimum thresholds for water levels
are based on the 2015 water levels, so for consistency, cumulative storage depletion through 2015 is the
appropriate minimum threshold for groundwater storage.
The minimum threshold for storage reduction is a small percentage of the volume of groundwater
available to wells. Water levels declined by a few tens of feet during 2013-2015, whereas the average
depth to the top of well screens is 260 feet and the average well depth is 360-400 feet. Therefore, few if
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any wells would be dewatered when water levels drop to minimum threshold elevations, and access to
groundwater will not be reduced due to diminished saturated thickness of the screen or aquifer.
The rate of storage depletion during droughts can be affected by various factors, including operation of
Nacimiento and San Antonio Reservoirs, CCWC diversions from Arroyo Seco, and subsurface
inflow/outflow to and from adjacent parts of the Salinas Valley Basin. However, as long as water levels
remain at or above their minimum thresholds, there will be ample groundwater remaining in the ASGSA
area to supply beneficial uses.

4.5.2.1

Relationship of Minimum Threshold to Other Sustainability Indicators

•

Water Levels. The water-level and storage minimum thresholds are both defined in terms of
actual declines as of 2015 during the recent drought and are thus consistent. Because storage
cannot be measured directly, it will be measured by means of water levels. Management actions
included in this GSP—including reoperation of the reservoirs to provide additional releases
during droughts, pass-through of reservoir inflows that are not surplus to downstream users,
and recharge of diverted Arroyo Seco water in winter—would tend to decrease water-level and
storage declines during droughts. Therefore, the minimum threshold for groundwater storage
would not interfere with maintaining water levels above their minimum thresholds.

•

Seawater Intrusion. There is no possibility of seawater intrusion in the ASGSA area. Hence,
there is no intrusion minimum threshold and no relationship with other minimum thresholds.

•

Subsidence. Subsidence is also linked to groundwater levels. Because the storage reduction
minimum threshold would not cause water levels to drop below their minimum thresholds, it
would not interfere with the subsidence minimum threshold.

•

Water Quality. The volume of groundwater in storage affects the rate at which ambient
concentrations of salinity, nitrate and other pollutants increase. However, the long-term
equilibrium concentrations depend on loading rates and groundwater flow rates, not the
volume in storage. Thus, the groundwater storage minimum threshold would not interfere with
the water quality minimum threshold.

•

Interconnected Surface Water. The minimum thresholds for depletion of flow in the Arroyo
Seco and Salinas River both correspond directly or indirectly to historical groundwater levels in
2015. Thus, the groundwater storage minimum threshold is compatible with those thresholds.

4.5.2.2

Effect of Minimum Threshold on Sustainability in Adjacent Areas

4.5.2.3

Effect of Minimum Threshold on Beneficial Uses

The minimum threshold for groundwater storage is the storage associated with the minimum threshold
for groundwater levels and corresponds to December 2015 conditions. Adjacent areas in the Forebay
and Upper Valley Subbasins are expected to also have minimum water level thresholds approximately
equal to fall 2015 water levels. Therefore, the minimum thresholds are all compatible.
The minimum threshold for groundwater storage will avoid the reductions in well yields that occurred
during 2016 and would thus benefit all categories of well users. Because of its physical tie to
groundwater levels, the minimum threshold for storage would not increase river percolation such that
recharge and water availability farther down the Salinas Valley would be diminished. Reservoir
reoperation would be consistent with the Salinas Valley Water Project and MCWRA’s water right permit,
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which would include capture of natural inflow only if there is surplus water. Reservoir reoperation
would change the timing of reservoir releases, but the long-term average flow and river recharge in
downstream areas would remain approximately the same as under existing conditions.

4.5.2.4

Relationship of Minimum Threshold to Regulatory Standards

4.5.2.5

How the Minimum Threshold will be Monitored

Other than SGMA, there are no federal, state or local standards related to groundwater storage capacity
or decline.
Groundwater storage will be monitored in two ways. First, it will be monitored annually by means of
monitoring groundwater levels, which are a correlated surrogate variable. Second, annual storage
changes will be estimated based on water budget calculations that will be updated every 5 years using
the groundwater model. Modeling will serve to confirm that the relationship between water budget and
water levels has not changed. Details of the monitoring program are presented in Chapter 5.
4.5.3 Measurable Objective
The operable range of water levels identified above provides a corresponding operable range of
groundwater storage. The upper end of the range (10 feet below ground surface) does not define a
plausible water table surface over the entire ASGSA area. Instead, the actual water-level surface in
spring 1998 is a more reasonable estimate of the high end of water level range that could be expected in
practice. The minimum-threshold water-level surface was subtracted from the 1998 water-level surface,
and the resulting aquifer volume water multiplied by a specific yield of 0.17 (Feeney, 1994a) to estimate
the maximum operable groundwater storage volume. The result for the ASGSA area was 151,300 AF.
Estimated irrigation demand in the ASGSA area averages about 44,000 AFY, of which 6,000 AFY is met by
surface water diverted by CCWC from the Arroyo Seco. The operable range of storage could supply the
remaining 38,000 AFY for 4 years in the absence of any recharge. Such a scenario would be much more
extreme than historical droughts have been. Thus, for the 50-year future planning horizon of this GSP,
the groundwater storage capacity defined by the operable range of water levels is adequate to avoid
undesirable results.
A much larger volume of groundwater is available in the depth range accessible to wells. The volume of
groundwater in the ASGSA area between the minimum threshold water-level surface and the average
bottom elevation of wells (400 feet below ground surface) is 1,100,000 AF, or about a 30-year supply of
irrigation water. Thus, in this deep alluvial groundwater basin, storage capacity does not pose a
constraint that would produce undesirable results. Rather, the limitations would stem from other effects
of declining water levels, such as declining pump output and subsidence.
4.5.4 Management Actions
If groundwater levels are maintained above their minimum threshold values, no further management
action is needed to ensure adequate groundwater storage.

4.6 SEAWATER INTRUSION
Seawater intrusion is not a concern in the ASGSA area, which is located 42 miles inland from the coast.
Therefore, sustainability criteria for seawater intrusion are not needed.
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4.7 LAND SUBSIDENCE
4.7.1 Undesirable Results
Land subsidence can occur when groundwater pumping lowers groundwater levels to below their
historical minimum elevations. The decrease in pore pressure within the sediments causes the
sediments to compress or permanently compact. Land subsidence has elastic and inelastic components,
which differ with respect to sustainability. Elastic subsidence on the order of 1-2 inches has been
observed in the ASGSA area (see Figure 3.2-10). As the name implies, it reverses itself seasonally and
from year to year, with no significant impact on agricultural operations, flooding, structures or
infrastructure. Inelastic subsidence occurs when the water pressure in the pores between mineral grains
in a clay layer drops as a result of groundwater pumping from an overlying or underlying aquifer unit,
causing the grains to pack more closely together. This compaction is permanent and is associated with
an equal drop in the overlying land surface. If inelastic subsidence accumulates over time due to
progressively declining groundwater levels, several undesirable results can occur:
•
•
•
•
•

Well casings start to protrude out of the ground as the ground settles around them,
Well casings collapse or deform
Laser-leveled fields tilt or become uneven
Ditches, canals, sewers and storm drains overflow or no longer flow at design rates
Flooding increases near streams along the reach where the ground surface has been lowered

None of these undesirable results have been observed in the ASGSA area. However, the possibility of
future subsidence cannot be ruled out if water levels unexpectedly fall substantially below their
minimum thresholds.
4.7.2 Minimum Threshold
Qualitatively, the minimum threshold for subsidence is the maximum amount of cumulative subsidence
that can occur before undesirable results become unreasonable. Separate minimum thresholds were
developed for regional and differential subsidence. Both apply to cumulative inelastic subsidence
relative to May 2015, which was when the InSAR monitoring program reported by DWR commenced.
For regional subsidence over the entire ASGSA area, the minimum threshold is 1 foot. Specifically, if
more than 10 percent of the ground elevation pixels or grid cells within the ASGSA area in any future
spring elevation monitoring image are more than 1 foot lower than the May 2015 elevation, cumulative
inelastic subsidence is considered to have exceeded 1 foot. The 1-foot criterion is reasonable based on
empirical data for well casing collapse and on standards for flooding and drainage:
•

•

•

In the southwestern part of the Sacramento Valley, where documented cumulative subsidence
has reached several feet, video surveys of 88 undamaged wells and 80 damaged wells showed
that casing damage was uncommon in wells where subsidence was less than 1 foot (Borchers
and others, 1998).
Ground floor elevations are recommended or required to be at least 1 foot above the Base
Flood Elevation in some jurisdictions (see for example Federal Emergency Management Agency
[no date]; City of Temecula [no date]).
The minimum freeboard along roadside ditches is often required to be 1 foot above the
maximum anticipated water level (see for example City of Morgan Hill [no date]).
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Differential subsidence can occur, for example, if there is greater clay compaction near a large pumping
well because water-level drawdown is greatest close to the well. Differential subsidence can cause
impacts related to casing collapse, field leveling, drainage and flooding even if total regional subsidence
is not large. The minimum threshold for differential subsidence is a change in ground slope of more than
0.001 foot per foot. The specific criterion is that the minimum threshold for differential subsidence has
been reached when at least five pairs of pixels within one mile of each other in an image of cumulative
subsidence since May 2015 exhibit a local gradient greater than 0.001. This statistical definition allows
for noise in individual pixel values, and the 0.001 value represents a small deviation from the minimum
slopes required for plumbing fixtures and drainage facilities:
•
•
•

•

Minimum drain slope in California Plumbing Code is 0.021 ft/ft (IAPMO 2016)
Minimum lot slope in new development is 0.010 ft/ft (City of Morgan Hill, no date).
Minimum slopes for gravity sewers (North Carolina Dept. of Environmental and Natural
Resources 1996):
o 6-inch pipe:
0.060 ft/ft
o 36-inch pipe: 0.005 ft/ft
Typical field slopes for surface irrigation (UNFAO 1989):
o Border:
0.020 ft/ft
o Furrow:
0.010 ft/ft

Based on data from recent years, it is unlikely that either of these criteria will be exceeded. Cumulative
inelastic subsidence has not yet been detected in the ASGSA area based on UNAVCO monitoring since
2007. The differential subsidence criterion equals approximately 5 feet per mile, which greatly exceeds
the variations observed in the InSAR monitoring data thus far compiled by DWR. Also, the minimum
threshold for groundwater levels is equal to or above historical minimum levels. Any compaction
associated with those water levels would have at least partially come to completion (it can take years for
compaction to fully equilibrate to greater declines in water levels). Given the lack of obvious inelastic
subsidence in monitoring since 2015, it is unlikely that future periods of equally-low water levels would
cause significant subsidence.

4.7.2.1

Relationship of Minimum Threshold to Other Sustainability Indicators

4.7.2.2

Effect of Minimum Threshold on Sustainability in Adjacent Areas

Subsidence is closely linked to groundwater levels. It is very unlikely that inelastic subsidence would
occur if water levels remain above their minimum thresholds. The water level minimum thresholds do
not interfere with managing the other sustainability indicators to remain above their respective
minimum thresholds, as described in section 4.4.2.1. By extension, the subsidence minimum threshold is
also compatible with the minimum thresholds for the other sustainability indicators.
Regional subsidence would not likely be limited to the ASGSA area. If it did occur, the minimum
threshold for avoiding undesirable results in the ASGSA area would also avoid undesirable results in
adjacent areas. The effects of pumping on water levels diminish with distance. Therefore, ASGSA
pumping would have less effect on drawdown and subsidence in adjacent areas than it does in the
ASGSA area. Any external subsidence effects caused by ASGSA area pumping would be smaller than in
the ASGSA area and less than a magnitude that would cause undesirable results.
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4.7.2.3

Effect of Minimum Threshold on Beneficial Uses

4.7.2.4

Relationship of Minimum Threshold to Regulatory Standards

4.7.2.5

How the Minimum Threshold will be Monitored

The primary impacts of subsidence are economic: reduced capacity or damage to infrastructure, and
increased flooding. The 1-foot and 0.001 ft/ft minimum thresholds were selected to avoid infrastructure
damage and associated impacts on land and water users.
There are no federal, state or local standards specifically addressing subsidence. There are standards for
flood depth, floodplain encroachment, freeboard in ditches and canals and slopes of gravity-flow
plumbing pipes. These vary somewhat from jurisdiction to jurisdiction, but they are generally similar and
were used as the basis for selecting the minimum threshold (see details in section 4.7.2).
ASGSA assumes that the UNAVCO and InSAR subsidence monitoring programs will continue for the
foreseeable future. Monitoring results for those programs are accessible on-line. ASGSA will download
results annually and evaluate them for signs of cumulative inelastic subsidence.
4.7.3 Measurable Objective
The measurable objective for subsidence is any amount of cumulative inelastic subsidence less than the
minimum threshold of 1 foot regionally and 0.001 ft/ft as a local land slope differential.
4.7.4 Management Actions
Given the lack of observed subsidence during the recent drought and the minimum threshold for water
levels that is higher than record low historical water levels, inelastic subsidence is not expected to occur
in the ASGSA area. No specific management actions for subsidence have been identified.

4.8 WATER QUALITY
4.8.1 Undesirable Results
Poor groundwater quality impairs beneficial uses, and impairment is already occurring in the ASGSA
area. The specific constituents and concentrations that mark the threshold of undesirable results vary
depending on the use of the water, but all beneficial uses can be affected. For municipal and domestic
supplies, over 90 constituents are regulated under primary drinking water standards, and high
concentrations pose a health risk to those who drink the water. Fifteen constituents are regulated under
secondary drinking water standards to avoid undesirable results related to taste, odor, staining of
plumbing fixtures and carbonate scale buildup. For irrigation use, high salinity stunts crop growth and a
few constituents such as boron, sodium and chloride have specific toxic effects on plants. For
environmental uses, groundwater containing high concentrations of nitrate can promote algal growth
and eutrophication if the groundwater discharges into a surface water body.
4.8.2 Minimum Threshold
The minimum thresholds for groundwater quality focus on nitrate and salinity (electrical conductivity
[specific conductance] or total dissolved solids), which are widespread and problematic in the ASGSA
area. There are no identified point-source contaminant plumes in local groundwater, and pesticides
were also generally not detected by the GAMA sampling program. Accordingly, volatile organic
compounds and pesticides do not appear to be of immediate concern, but an appropriate minimum
threshold for those constituents is the drinking water standard.
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SGMA requires that minimum thresholds for water quality be defined in terms of “the number of supply
wells, a volume of water, or a location of an isocontour that exceeds concentration of constituents
determined by the [GSA] to be of concern for the basin” (Water Code §354.28(c)(4)). This monitoring
approach is problematic because the effects of dispersed pollutant loading at the land surface usually
take decades to begin noticeably affecting water quality at the depths of typical water supply well
screens. The water quality discussion in Section 3.2.5 cited literature that verified this delay and further
confirmed it by simulations using a mixing model. The long delay means that monitored water quality
between now and the SGMA sustainability deadline of 2042 will show almost exclusively the effects of
pre-SGMA land use activities. Even if management actions are implemented immediately to decrease
loading—as is proposed in this GSP—the effects on water quality in supply wells would probably not
become evident until after 2042.
The long delay in water-quality response does not mean that existing poor-quality water can be ignored
as a legacy issue. Future farming and wastewater disposal will continue to add nitrate and salt to the
Subbasin and elevate concentrations, even if concentrations are already high. Natural salt loading from
groundwater emerging from the Gabilan Range will continue at existing rates but not increase ambient
salt concentrations in Salinas Valley groundwater, assuming existing water quality already reflects
equilibration to that long-term load. SGMA sustainability criteria and management actions need to
address future increases in nitrate and salinity concentrations due to human activities.
The water-quality focus of this GSP is not on defining sustainability criteria or designing monitoring
programs. Rather, it is appropriately focused on identifying management actions needed to reduce
concentrations (or lower their rates of increase) over the coming decades, or to adapt to higher
concentrations. Many wells in the ASGSA area already exceed drinking water standards or Basin Plan
Objectives for nitrate and salinity. Furthermore, concentrations will increase before they begin to
decline in response to the proposed management actions. By any reasonable definition of a minimum
threshold, current conditions cause undesirable results and consequently are not sustainable. Assuming
that the purpose of minimum thresholds is to trigger management actions, the water quality section of
this GSP emphasizes near-term implementation of management actions.
Although monitoring of groundwater quality will not reveal progress toward sustainability for many
years, the data are nevertheless useful. For that reason and to comply with the specific directives of
SGMA, this GSP includes a water quality monitoring program and definitions of minimum thresholds for
nitrate and salinity based on measured concentrations in wells.
Nitrate
The minimum threshold for nitrate is the current percentage of wells that exceed the drinking water
maximum contaminant level (MCL) of 10 mg/L. A large, readily available and public water quality data
set representative of current conditions is the sampling conducted for ILRP Ag Order 3 in 2017-2018.
Given the gradual evolution of nitrate and salinity in groundwater, that data set is also reasonably
representative of conditions as of the January 2015 SGMA implementation date. In the 192 wells in the
ASGSA area sampled in 2017-2018, 65 percent exceeded the MCL. Although the current percentage is
alarmingly high, it is also the result of past loading to the groundwater basin. GSPs are not required to
reverse past contamination but should not allow further contamination, which is why the minimum
threshold is pegged to existing concentrations. The minimum threshold is defined as a percentage of
wells because the monitoring network that will be used for GSP purposes is the ILRP network, and the
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wells sampled in each 5-year Ag Order implementation period are not necessarily identical to the wells
sampled during the previous period. However, the number of wells is sufficiently high that a statistical
approach is valid, and there will be substantial overlap between the sets of sampled wells from one
period to the next.
Figure 4.8-1 shows nitrate concentrations in wells sampled for the ILRP during 2017-2018. For most
wells, two samples were collected on different dates, and the average value was used for plotting on the
map. High and low concentrations are comingled throughout the ASGSA area with no obvious spatial
pattern. It is therefore reasonable to include all wells within the ASGSA as a single data set. Some of the
data set statistics are listed in Table 4.8-1.
Table 4.8-1. Statistics of Nitrate Concentrations in ASGSA Area Wells in 2017-2018
Nitrate as N (mg/L)
Location
ASGSA area

Number of Wells
Sampled

Median

Average

Drinking Water
MCL

Number
Exceeding MCL

Percent
Exceeding MCL

192

14.68

18.86

10

124

65%

It is expected that the number of wells exceeding the MCL will continue to increase for several decades
regardless of measures to decrease loading. Although the management actions might not achieve
sustainability as defined by this threshold by 2042, they eventually will.
Management actions for nitrate include ones that decrease loading and ones that adapt to higher
ambient concentrations. The paramount objective of the ILRP is to decrease nitrate loading in
agricultural areas and by so doing eventually lower concentrations in groundwater. It is being actively
implemented in the ASGSA area and serves as the primary nitrate-related management action for this
GSP. Adaptation can be viewed as maintaining sustainability of beneficial uses. The adaptation
management action for nitrate is to remove nitrate from potable water supplies by treatment. For
municipal supplies this might be by anion exchange filters, and for rural residences it would likely be by
point-of-use or point-of-entry reverse-osmosis units. Details of these management actions are
presented in Chapter 6.
Salinity
The minimum threshold for groundwater salinity is a statistically significant (at the 95 percent
confidence level) increase relative to current conditions in the median specific conductance or the
percentage of wells exceeding the Basin Plan Objective (BPO) for specific conductance. Figure 4.8-2
shows the existing specific conductance as indicated by ILRP sampling in 2017-2018. In contrast to
nitrate, two subregions are identified for salinity, which are the “Upper Forebay” and “Lower Forebay”
areas designated in the Basin Plan. The distinction reflects the large natural variation in groundwater
salinity in this part of the Salinas Valley. The Upper Forebay area is the region predominantly influenced
by recharge from Arroyo Seco, which is low in salinity. The Lower Forebay area is the region
predominantly influence by recharge from the Salinas River, and more specifically, influenced by
groundwater inflow from the marine Pancho Rico Formation that is adjacent to the Basin between King
City and San Ardo. Table 4.8-2 provides salinity sample statistics.
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Table 4.8-2. Statistics of Specific Conductance in ASGSA Area Wells in 2017-2018
Specific Conductance
(µS/cm)

Region

Number of
Median of
Wells Sampled Measurements

Basin Plan
Objective

Number
Exceeding
BPO

Percent
Exceeding
BPO

"Upper Forebay" part of ASGSA area

66

531

1,145

14

21%

"Lower Forebay" part of ASGSA area

33

1,534

2,059

9

27%

Agriculturally-derived salinity is a much more challenging water quality problem than nitrate because
salt is not intentionally added during crop production. Rather, it is an inherent byproduct of the
evaporative concentration of applied irrigation water. Plants transpire nearly pure water and actively
exclude most salts when soil water is absorbed through root membranes. Dissolved minerals in the
irrigation water accumulate in the soil until they are flushed downward by winter rains or excess applied
irrigation water (leaching fraction). This salt load mixes into groundwater. As groundwater is repeatedly
pumped and applied for irrigation, the salinity gradually increases. Sensitivity tests using the salt mixing
model described in Section 3.2.5.2.2 revealed that the long-term equilibrium TDS concentration in
groundwater is strongly influenced by the salinity of the irrigation water and the amount of outflow
from the local groundwater system. The rate of salinity increase is heavily influenced by the mixing
volume. These results help guide the selection of management actions.
Like nitrate, groundwater salinity is expected to increase over the next few decades regardless of
management actions to reduce loading. Unlike nitrate, however, management actions to reduce loading
will only slow the rate of increase—not halt it entirely—as long as irrigated agriculture continues in the
Basin. Thus, management actions for salinity address adaptation in addition to loading and dilution.
Actions selected for study and/or implementation during the initial 5-year period of GSP implementation
are:
1. Increase recharge of Arroyo Seco water by flooding fields in winter. Water is already diverted
from the Arroyo Seco to irrigate cropland during the main spring-fall growing season. A study
will be completed to evaluate the operational and agronomic feasibility of diverting additional
Arroyo Seco water in winter and delivering it to selected fields, where it would be spread and
allowed to infiltrate. Arroyo Seco water is relatively low in TDS, and the additional recharge
would dilute groundwater salinity and increase groundwater outflow from the ASGSA area, both
of which would lower long-term groundwater salinity.
2. Study the feasibility and effectiveness of converting self-regenerating water softeners to
cartridge-type softeners in Greenfield. Municipal water in the City of Greenfield is very hard,
and residential water softeners are probably common. Self-regenerating water softeners
produce a brine that elevates the TDS concentration at the municipal wastewater treatment
plant by up to 800 mg/L. The wastewater is all percolated into the groundwater basin via ponds
at the plant site near the Salinas River. An alternative is to use cartridge-type water softeners
that are regenerated off-site where the brine can be safely discharged to the ocean via an
existing wastewater outfall. A service company exchanges the used cartridges with regenerated
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cartridges at subscribers’ homes. Alternatively, the City could centrally soften the entire
municipal water supply. If the study indicates favorable economics and effectiveness, conversion
to cartridge-type softeners can be mandated by City ordinance.
3. Study the feasibility and effectiveness of reducing agricultural sprinkler spray evaporation.
Evaporation of sprinkler spray can be significant, particularly under the windy conditions
common in the Salinas Valley. The evaporated water is non-beneficial to the crop, and the salts
still reach the ground and add to the salt load entering the groundwater basin. Evaporation can
be reduced by decreasing sprinkler pressure, increasing droplet size, positioning sprinklers
closer to the crop canopy, and irrigating during cooler and less windy times of day. A study
completed during the first 5-year implementation period will evaluate sprinkler technology
options and their suitability for the types of crops and often small field sizes prevalent in the
ASGSA area. If a logistically feasible and cost-effective option emerges from the study, a pilot
implementation project will follow.
4. Support biotechnology research to develop salinity-tolerant crop varieties. An adaptation
strategy is reasonable for salinity because the rate of increase in the groundwater basin is slow,
whereas advances in biotechnology and crop breeding are relatively fast. However, the pace of
progress depends on the priorities of researchers and the amount of funding available to them.
For the first 5-year implementation period, ASGSA will evaluate the status of research and
advances in crop salinity tolerance and explore partnerships with SVBGSA and possibly other
regional and state-wide agricultural interests to fund or otherwise promote research in that
area.
5. Install point-of-use reverse-osmosis units in rural residences. Another adaptation strategy to
protect potable beneficial use at self-supplied rural residences is to treat the water using small
reverse-osmosis units. Such units are readily available for point-of-use (kitchen sink) or point-ofentry (whole house) installation. The purchase and operating costs are not high. The waste brine
is returned to the groundwater basin via the septic leach field. This management practice would
be under the initiative of individual homeowners and at their expense.
Additional details regarding each of these best management practices are presented in Chapter 6.

4.8.2.1

Relationship of Minimum Threshold to Other Sustainability Indicators

Three of the salinity management actions could affect groundwater pumping, which in turn would affect
storage and water levels. Percolation of Arroyo Seco diversions in winter would raise groundwater levels
beneath the fields where water is percolated. Sites would be selected—and shallow monitoring wells
installed—to ensure that local water table elevations do not encroach into the root zone. The increase in
groundwater levels would tend to reduce the risk of exceeding minimum thresholds for storage,
subsidence, interconnected surface water and groundwater dependent ecosystems, all of which are
related to the occurrence of low groundwater levels. Decreasing evaporation of sprinkler spray would
increase irrigation efficiency and decrease groundwater pumping for irrigation. This would beneficially
raise groundwater levels and storage. Installing reverse osmosis units in rural residences would increase
the amount of domestic well pumping—and the amount of septic system percolation by an equal
volume—but the amount would be miniscule in the context of the ASGSA area groundwater balance.
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4.8.2.2

Effect of Minimum Threshold on Sustainability in Adjacent Areas

4.8.2.3

Effect of Minimum Threshold on Beneficial Uses

4.8.2.4

Relationship of Minimum Threshold to Regulatory Standards

4.8.2.5

How the Minimum Threshold will be Monitored

Three of the management actions will decrease groundwater salinity and thereby make it easier for
adjacent downgradient areas to meet their water quality sustainability objectives. For example, the City
of Soledad’s municipal supply wells are downgradient of the City of Greenfield’s wastewater percolation
ponds and would benefit from the substantial wastewater TDS reduction achieved by eliminating selfregenerating water softeners. Similarly, implementation of the ILRP program will eventually decrease
ambient nitrate concentrations in groundwater, to the benefit of downgradient groundwater users.
The ILRP program is expected to eventually lower groundwater nitrate concentrations to below the
drinking water standard, although that process is expected to take decades to centuries. This will
reinstate an important beneficial use of groundwater. In terms of concentrations, many wells might
continue to exceed the salinity minimum threshold for the foreseeable future. In terms of beneficial
uses, however, the management measures to treat drinking water and grow more salt-tolerant crops
will achieve sustainability of beneficial uses.
Existing nitrate and salinity concentrations do not meet drinking water standards, Basin Plan Objectives
or irrigation water quality recommendations in some wells. ILRP implementation is expected to
eventually lower groundwater nitrate to below the drinking water standard. The saltiest wells along the
eastern edge of the ASGSA area already exceed the Basin Plan objective for electrical conductivity (2,059
µS/cm) and will likely continue to do so because most of the salinity is from natural sources and some
future loading from evaporated irrigation water will continue. Groundwater salinity in the Upper
Forebay area might remain below the BPO due to dilution by Arroyo Seco recharge. Groundwater
salinity in the Lower Forebay area might not ever drop consistently below the BPO. However,
implementing the management actions will reduce future salinity increases relative to current practices.
The GSP will rely on nitrate and salinity monitoring conducted by the ILRP. GSPs and Ag Orders are both
updated at 5-year intervals, which is sufficiently frequent to track long-term changes in ambient water
quality. With respect to implementation of management actions, the progress report at the end of the
first 5-year GSP implementation period will document implementation of the actions, especially the
Arroyo Seco winter recharge pilot study, low-evaporation sprinkler study and water softener conversion
study. It will also lay out commitments for further implementation of those practices if they are costeffective.
4.8.3 Measurable Objective
The measurable objective for nitrate is a concentration less than 10 mg/L as N in all potable supply
wells. The measurable objective for salinity is a concentration below the Basin Plan Objective in all wells.
4.8.4 Management Actions
Summary descriptions of management actions to address nitrate and salinity were presented above, and
additional details are included in Chapter 6.
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4.9 INTERCONNECTED SURFACE WATER
4.9.1 Undesirable Results
SGMA requires that depletion of stream flow by groundwater pumping be evaluated with respect to the
beneficial uses of the surface water. In the Salinas Valley, the two categories of beneficial use are
downstream water users and groundwater dependent ecosystems (GDEs). The downstream water users
are other groundwater pumpers who rely on percolation from the Salinas River for groundwater
recharge and recipients of river water diverted at the SRDF to supply irrigation in lieu of groundwater.
The potentially impacted GDEs include plants (riparian vegetation) and animals (primarily anadromous
fish).
Most of the undesirable results are not due to depletion of stream flow by a well near a stream while
the well is pumping. This is because the primary surface waterway affected by groundwater pumping is
the Salinas River, and low to moderate flows in the river are largely controlled by releases from
Nacimiento and San Antonio Reservoirs. Major releases are typically made during May-September in all
but drought years for the purposes of 1) recharging groundwater, 2) supplying diversions from the SRDF
near the downstream end of the river, and 3) supplementing high flow events in late winter and spring
to enhance fish passage opportunity. MCWRA manages the releases to achieve target flows at Chualar,
the SRDF and the lagoon. If groundwater pumping upstream of those locations (in the Forebay and
Upper Valley Subbasins) is hydraulically coupled to the river and increases percolation losses, MCWRA
simply increases the release rate at the reservoirs to maintain the target flows at the downstream
locations. Thus, as a practical matter, pumping does not have an immediate impact on river flow when
the releases are being made. Rather, pumping affects the rate at which reservoir storage is depleted.
When storage approaches minimum levels, MCWRA ceases making major releases entirely. Since the
reservoirs began operating in 1958, this has occurred in four years: 1990 and 2013-2015. During the
latter period, pass-through releases and fish rearing flows were also reduced or omitted. Thus, in the
context of this conjunctive-use system, stream flow depletion is deferred to drought periods.
The three-year hiatus in major releases during 2013-2015 caused undesirable results for groundwater
users and for GDEs. The impact on groundwater users was exceptionally low groundwater levels, which
caused wells in parts of the Valley (including the eastern part of the ASGSA area) to lose pumping
capacity because the pumps were not capable of sustaining the normal pumping rate with lower water
levels. This impact was described in Section 4.4 “Groundwater Levels”.
The hiatus in major releases also killed most of the cottonwood trees along the Salinas River channel in
the ASGSA area and caused partial die-back in other types of riparian vegetation. As described in Section
3.2.7 “Groundwater Dependent Ecosystems”, cottonwood mortality was due to the absence of surface
flow, not low groundwater levels. Riparian vegetation along the lowermost reach of the Arroyo Seco—
which experienced the same groundwater levels as the nearby impacted reach of the Salinas River—
suffered only mild die-back during the drought. The vegetation along that waterway is supplied by
natural percolation of unmanaged Arroyo Seco flows and is not dependent on reservoir releases.
Migration of steelhead trout up and down the Arroyo Seco and Salinas River is determined by the
number of days flow is above a minimum passage flow during the migration season. The impact of flow
depletion is to shorten the period of time flow is above the passage threshold. Decreasing the windows
of opportunity for migration could decrease the number of adults that successfully spawn and decrease
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the number of juveniles that successfully exit to the ocean. Steelhead trout typically live 5-6 years
(Moyle, 2002), so a single dry year with minimal passage and spawning opportunity does not have a
large impact on overall population. However, several years of reduced migration and spawning in close
succession can have a large impact.
4.9.2

Minimum Threshold

This section defines separate minimum thresholds for the Arroyo Seco and Salinas River because of the
differences in their flow regimes (unregulated versus regulated). The minimum thresholds are then
evaluated with respect to each of the beneficial uses of surface water to confirm that the thresholds are
adequate to prevent undesirable results. DWR’s Best Management Practices for sustainability criteria
(DWR, November 2017) state that the minimum threshold metric for depletion of interconnected
surface waters shall be a rate or volume of surface water depletion.

4.9.2.1

Arroyo Seco

Groundwater pumping in the ASGSA area would not affect Arroyo Seco flow within the ASGSA reach
because the river bed is always more than 20 feet above the groundwater elevation. However,
groundwater modeling indicated that it would impact flows farther downstream along the one to threemile reach above the Salinas River confluence where hydraulic connection between the river and aquifer
appears to be present some of the time.
The minimum threshold for depletion of flow in the Arroyo Seco is a percolation rate between the upper
(“near Soledad”) and lower (“below Reliz Creek”) gauges of greater than 200 cfs on the day in spring
when daily flow at the lower gauge recedes through 1 cfs, occurring 1) in dry-normal, normal-normal or
wet-normal years, and 2) during the smolt migration season of April-June, and 3) in more than two years
in any five-year interval. This flow corresponds to the smolt passage flow threshold, which was
“conservatively assumed to be 1 cfs, until further study shows otherwise” in the NMFS (2005) flow
prescription. Analysis of groundwater and river bed elevations for this GSP demonstrated that pumping
would not deplete river flow in dry years because water levels are too low to establish hydraulic
connection (see Section 3.2.6). The three “normal” year type categories represent the interquartile
range (between the 25th percentile and 75th percentile) of annual discharge at the Arroyo Seco near
Soledad gauge (upper gauge). The historical record included two years with percolation rates greater
than 200 cfs: 1999 and 2015 (see Figure 3.2-18). The average percolation loss over the period of record
was 130 cfs. The two outliers were not correlated with estimated amounts of groundwater pumping and
so were presumably caused by other unknown factors. Occasional outliers are likely to recur in the
future. In contrast, flow depletion associated with a long-term increase in ASGSA groundwater pumping
would tend to increase percolation in most years. Thus, single years with high percolation loss rates are
not included in the minimum threshold because they occur anyway, appear to be unrelated to
groundwater pumping, and would not likely impact overall reproductive success of fish that typically live
5-6 years.
Smolts descending the Arroyo Seco must also traverse the lower Salinas River to reach the ocean. The
minimum threshold for Salinas River flow depletion is described in the next section.
An additional minimum threshold related to adult up-migration is not needed because groundwater
pumping would not plausibly reduce the duration of passage opportunity by a significant amount. Adult
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passage flows are much higher than smolt passage flows. For example, the Arroyo Seco flow triggers for
supplemental steelhead passage releases from Nacimiento and San Antonio Reservoirs are 340 cfs at the
upper gauge and 173 cfs at the lower gauge (NMFS, 2005; MCWRA, 2018). The maximum possible flow
depletion would be a small percentage of those flows. For example, an increase in average annual
ASGSA pumping of 10,000 AFY—which is not expected to occur and which would be a large (20 percent)
increase in existing pumping—would be equivalent to about 14 cfs of river flow. Simulation of this
scenario using a groundwater model showed that increased percolation along the lower Arroyo Seco
accounted for only about 5 percent of the overall increase in river percolation. The rest occurred along
the Salinas River. Thus, the average depletion of flow along the lower Arroyo Seco was approximately
0.7 cfs. When Arroyo Seco flow at the upper gauge is near 340 cfs, the median rate of flow recession is
35 cfs per day. The median rate of recession for flows near 173 cfs at the lower gauge is 30 cfs per day.
This means that flow depletion of 0.7 cfs would decrease adult passage opportunity by 29-34 minutes.
This shows that even an unrealistically large increase in ASGSA pumping would cause a negligibly small
decrease in adult passage opportunity up the Arroyo Seco.
The minimum threshold for Arroyo Seco flow depletion represents a continuation of the existing rates
and patterns of depletion. This will ensure that passage opportunity is not decreased from existing
levels. Because increased consumptive use is not anticipated in the ASGSA area, the minimum threshold
will not likely be exceeded.

4.9.2.2

Salinas River

For the Salinas River, the minimum threshold for depletion of flow by groundwater pumping is the
amount of depletion that occurs when 1) groundwater levels are no lower than the minimum threshold,
2) Nacimiento and San Antonio Reservoirs are operated in compliance with the existing water rights
permit with respect to steelhead passage flows, releases for fish rearing, and pass-through of nonsurplus inflows, and 3) the reservoirs are reoperated such that major releases are never curtailed for
more than two consecutive years. This threshold is based on the following considerations:
•

Hydraulic connection between groundwater and the Salinas River is most likely during wet years
and seasons and less likely when water levels are low during droughts. Therefore, during the
periods when groundwater pumping is most likely to deplete surface flow directly, flows are
relatively high and fish and riparian vegetation are both in relatively good condition.

•

The impact of flow depletion is more rapid depletion of reservoir storage, which triggers more
frequent and prolonged reduction in major reservoir releases. The flow prescription in the water
rights permit allows steelhead passage flow releases to be discontinued when the combined
reservoir storage falls below 220,000 AF for adult passage or 150,000 AF for smolt passage. Low
storage also causes MCWRA to forego major releases for groundwater recharge and SRDF
diversions, as occurred during the recent drought.

•

The undesirable effects associated with flow depletion are temporarily diminished well output,
die-back or mortality of riparian vegetation, and reduced long-term reproductive success of
steelhead. All of these are particularly exacerbated if Salinas River flows are lowered for a
prolonged period.
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•

Three consecutive years without major releases during 2013-2015 caused widespread mortality
of cottonwood trees along the river. This emphasizes the importance of the frequency and
duration of major releases.

•

The flow prescription in the MCWRA water right permit (or a successor set of reservoir release
requirements pursuant to an HCP) are presumably adequate to provide sufficient passage
opportunity to maintain the steelhead population over the long run.

The flow depletion minimum threshold focuses on avoiding impacts to GDEs. Downstream water users
are the beneficiaries of reservoir operation and flow depletion, and simultaneously the users impacted
by changes in reservoir operation. Water users and GDEs throughout the Salinas Valley would benefit
from operating the reservoirs consistent with the terms of the water rights permit and additionally to
reschedule releases for conservation and SRDF diversions to avoid three consecutive years without
major releases. Thus, the minimum threshold protects downstream water users as well as GDEs.

4.9.2.3

Relationship of Minimum Threshold to Other Sustainability Indicators

The minimum threshold for flow depletion is generally consistent with minimum thresholds for other
sustainability indicators because there is no expectation of future increases in consumptive use of
groundwater in the ASGSA area and because the management action to reoperate Nacimiento and San
Antonio Reservoirs would avoid curtailment of major releases for more than two consecutive years.
Specific relationships with other minimum thresholds are as follows:
•

Groundwater Levels. For the Arroyo Seco, the years with historically high percolation losses
were not during droughts. The percolation minimum threshold would thus not affect low water
levels during drought years, which define the minimum threshold for water levels. For the
Salinas River, the minimum threshold for surface flow depletion is defined in terms of water
levels above the water level minimum threshold, so the two thresholds are consistent.

•

Groundwater Storage. The minimum threshold for surface flow depletion would not adversely
affect the threshold for groundwater storage because Arroyo Seco percolation would continue
as it has historically, and Salinas River percolation would simply be redistributed among years,
with no net long-term decrease.

•

Seawater Intrusion. Seawater intrusion would not occur in the Forebay Subbasin due to its
inland location. Therefore, no minimum threshold was defined and there is no consistency
issue.

•

Land Subsidence. Land subsidence is closely tied to water levels and groundwater budgets.
Because the flow depletion minimum threshold is consistent with sustainability for both of
those indicators, it is also consistent with the subsidence minimum threshold.

•

Water Quality. The minimum threshold for water quality is defined in terms of best
management practices that reduce salt and nitrate loading. Those are unaffected by river
percolation. However, river percolation dilutes groundwater salinity. The minimum threshold
for Arroyo Seco percolation equals historical percolation, and long-term average Salinas River
percolation would also remain about the same but with a different annual time series. Thus, the
flow depletion minimum thresholds would not impact groundwater dilution. One of the best
management practices for salinity is to percolate additional Arroyo Seco water in winter by
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diverting it to idle farm fields. This would increase river percolation relative to historical
conditions and improve groundwater quality.

4.9.2.4

Effect of Minimum Threshold on Sustainability in Adjacent Areas

4.9.2.5

Effect of Minimum Threshold on Beneficial Uses

4.9.2.6

Relationship of Minimum Threshold to Regulatory Standards

4.9.2.7

How the Minimum Threshold will be Monitored

The minimum threshold for flow depletion would not alter long-term average river percolation.
Therefore, it would not alter groundwater or surface water outflow from the ASGSA area in a way that
would decrease yield or consistently lower water levels in adjacent areas. The timing and amounts of
Arroyo Seco percolation would remain essentially the same as historical, and the different annual
sequence of reservoir releases would tend to avoid excessively low groundwater levels throughout the
Upper Valley and Forebay Subbasins. This would reduce the risk or occurrence of undesirable results in
those areas.
The beneficial users of surface water in the Salinas Valley are groundwater pumpers who rely on river
percolation to recharge the basin, irrigators in the Castroville area who receive river diversions from the
SRDF in lieu of groundwater pumping, aquatic organisms that live in the rivers, and riparian vegetation
along the river channels. Those users would not be impacted by the Arroyo Seco flow depletion
threshold because the threshold represents a continuation of existing conditions, which are not
associated with undesirable results. The Salinas River flow depletion threshold necessitates a
reoperation of Nacimiento and San Antonio Reservoirs to avoid more than two consecutive years
without major releases. This would shorten the season of major releases in wet and normal years in
order to carry over more reservoir storage to supply releases during prolonged droughts. Average river
flow and percolation would remain essentially unchanged, but the annual time series would be
different. Simulated effects of reservoir reoperation are presented in Chapter 6 “Management Action
Details”.
There are no regulatory standards that apply directly to rates of flow depletion. However, flow depletion
can impact the migration of steelhead trout, which are protected under the federal Endangered Species
Act. NMFS is the agency charged with protecting steelhead, and by incorporating the flow prescription in
the MCWRA water right permit (or successor flow prescription pursuant to a habitat conservation plan),
the minimum threshold avoids violations of the Endangered Species Act.
The Arroyo Seco flow depletion minimum threshold will be monitored by annually calculating the
percolation loss and determining whether it is abnormally high. Percolation will be calculated as the
difference in flow between the upper gauge (Arroyo Seco nr Soledad, USGS Site 11152000) and the
lower gauge (Arroyo Seco bl Reliz C nr Soledad, USGS Site 11152050), corrected for any inflows from
Reliz Creek or diversions by CCWC. The calculation will be done for the day when flow at the lower
gauge last receded below 1 cfs, which is a conservative estimate of the minimum flow required for smolt
passage (NMFS, 2007). If 1) the current year type is dry-normal, normal-normal or wet-normal, 2) the
calculated percolation rate exceeds 200 cfs, and 2) the percolation rate has also exceeded 200 cfs in any
of the preceding four years, the minimum threshold has been exceeded.
The Salinas River minimum threshold will be monitored by 1) evaluating reservoir operations for
consistency with MCWRA’s water rights permit, and 2) evaluating gauged reservoir releases (obtained
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from MCWRA) and gauged flow in the Salinas River near Bradley (USGS Site 11150500). Permit
consistency includes pass-through of non-surplus flows in winter, release of required flows for fish
rearing below the dams and releases for steelhead passage. A year without major releases is one in
which there were fewer than 30 days during February-October with flow at Bradley in excess of 500 cfs
(regardless of whether the flow derived from reservoir releases or natural runoff below the reservoirs).
Major releases are further defined as producing continuous flow from the reservoirs to the SRDF, which
requires a flow of at least 500 cfs at Bradley under most circumstances. If operation was not consistent
with the water rights permit or if there are more than two years in a row without major releases, the
minimum threshold has been exceeded.
4.9.3 Measurable Objective
For the Arroyo Seco, the measurable objective for percolation between the upper and lower gauges
during the spring smolt migration season is to remain within the historically typical range of 75-200 cfs
when flow at the lower gauge recedes through 1 cfs. The measurable objective for Salinas River
percolation is defined by the minimum threshold; in other words, for reservoir operation to be
consistent with MCWRA’s water right permit and to have no more than two years in a row without
major releases from Nacimiento and San Antonio Reservoirs.
4.9.4 Management Actions
No specific management actions have been identified for depletion of Arroyo Seco flow because it is
unlikely that the minimum threshold will be exceeded. This is because Arroyo Seco flow is unregulated,
there is little interconnection between groundwater and the Arroyo Seco, consumptive use of
groundwater in the ASGSA area is not expected to increase, and the water level minimum threshold is
higher than recent historical minimum water levels. If the flow depletion minimum threshold is
unexpectedly exceeded, the circumstances would be investigated to determine whether low
groundwater levels were the cause. This would be enabled by water level information from two shallow
monitoring wells that will be installed beside the Arroyo Seco near the lower gauge. The evaluation
would entail correlating stream flow and groundwater levels during the period of above-average flow
loss. If groundwater appeared to cause the above-normal flow depletion, then actions to modify local
pumping patterns would be developed.
The primary management action to avoid exceeding the minimum threshold for Salinas River flow
depletion is to reoperate Nacimiento and San Antonio Reservoirs. Additional details regarding this
management action are presented in Chapter 6.
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5 MONITORING NETWORK DETAILS
In progress.
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6 MANAGEMENT ACTION DETAILS
In progress.
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7 PLAN IMPLEMENTATION

In progress.
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City of Greenfield
Arroyo Seco
Groundwater Sustainability Agency
MEMORANDUM:

October 3, 2019

AGENDA DATE:

October 9, 2019

TO:

Board Members

FROM:

Curtis Week, General Manager

TITLE:

CONSIDER ASGSA/SVBGSA
PARTICIPATION

COORDINATION

SUBCOMMITTEE

PUBLIC

At the August ASGSA/SVBGSA Coordination Subcommittee meeting, a proposal to consider additional
public participation in the membership of the Subcommittee for improved transparency in the development
of the ASGSA/SVBGSA Coordination Agreement and Management Area formation process was made.
This staff report introduces this proposal to the ASGSA Board of Directors consideration.
ASGSA/SVBGSA SUBCOMMITTEE PUBLIC PARTICIPATION DISCUSSION
The following individuals have been serving on the ASGSA/SVBGSA Coordination Subcommittee since
2018:
ASGSA
SVBGSA
Michael Griva
Bill Lipe
James Thorp
Steven McIntyre
Discussions held at the August 2019 ASGSA/SVBGSA Coordination Subcommittee (Subcommittee)
meeting included several public members who owned or represented ownership of lands that made up the
“frays and holes” in the proposed ASGSA Management Area. Some of those present thought the process
needed more public interaction, and hence suggested the Subcommittee be expanded to include public
members representing both organizations. This participation was intended to increase public interaction
and transparency. It was suggested that one or two individuals from each organization be added to the
Subcommittee. At the subsequent Subcommittee meeting, held September 17, 2019, it was
recommended that two public individuals representing urban and environmental interests from each
organization be added to the Subcommittee.
RECOMMENDED ACTION
The Advisory Committee reviewed the proposal concept and made the recommendation not to expand the
Subcommittee membership. However, the SVBGSA Subcommittee members made a compelling
argument for adding additional representation at the September 17th Subcommittee meeting, and based
on the outcome of that meeting, the General Manager recommends the ASGSA Board of Directors
consider adding two members from the ASGSA to the Subcommittee.

