Considerations and Recommendations
for Developing Degraded Water Quality SMC
Introduction
This briefing paper provides background, context and recommended steps for developing a
Sustainable Management Criteria for degraded water quality in the Sonoma Valley
groundwater subbasin. This is one of the more complex SMCs to develop and several
considerations need to be addressed in order to get to the complete SMC development. Staff
recommends that the process be divided into the following seven steps to help guide decision
making:
1. Define current level of groundwater quality management and coordination
2. Determine type of metric to use to quantify degraded water quality SMC
3. Determine and identify groundwater beneficial uses/users
4. Define contaminants of concern [COC(s)] for identified groundwater beneficial
uses/users
5. Determine the limits and concentrations for each COC and category of beneficial
uses/user
6. Identify existing water quality monitoring programs that can be used for setting SMCs
7. Establish SMC
These steps are detailed below.

Background
SGMA is primarily concerned with the management of groundwater quantity. However,
groundwater quality degradation needs to be considered during GSP development in the sense
that none of the projects and actions implemented by the GSP should degrade current water
quality conditions. The GSP Regulations, state that GSAs should “avoid significant and
unreasonable degraded water quality”. DWR did not release a BMP specifically on Degraded
Water Quality SMC. However, a good overview of water quality programs in the state and
considerations for SGMA are summarized in Stanford’s Guide to Water Quality Requirements
under SGMA 1 (2019) (this document is not regulatory but provides good background
information).

1

https://stacks.stanford.edu/file/druid:dw122nb4780/A%20Guide%20to%20Water%20Quality%20Requirements%2
0under%20SGMA.pdf
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Groundwater quality is regulated in the state by several entities, such as:
-

The State Water Resources Control Board’s Department of Drinking Water (DDW)
regulates water quality in public supply wells and the regulated entities provide water
quality results for a number of constituents to DDW annually. The data are readily
available online for download and review.

-

The Regional Water Quality Control Boards regulate point source pollutions through
Waste discharge requirements (WDRs), underground storage tanks and groundwater
clean-up programs.

-

County Environmental Health regulates leaking underground storage tanks from most
gas stations.

-

County Health Departments typically regulate State Small Water Systems (small water
systems with at least 5 but less than 15 service connections that are permitted by
Sonoma County and are required to sample annually for nitrate).

GSP implementation may encourage coordination or collaboration with these programs and
make recommendations to the applicable regulatory agencies responsible for water quality, but
cannot interfere with these programs. Consequently, the SMC for this sustainability indicator is
considered a “do no harm” metric.
Given the existing legal and regulatory circumstances, the significant majority of supply wells
that are monitored for water quality are public water supply wells. Agricultural irrigation wells
are not regulated in this Subbasin and are not typically included in existing monitoring
networks. Domestic well water is not regulated anywhere in the State and it is the responsibility
of the individual property owner to ensure that their drinking water supply is safe by having the
well water tested by a state certified laboratory.

Available Data and Monitoring Networks
Attachment A provides a description of current and historical groundwater quality conditions
based on the best available information excerpted from the Draft GSP. As described in
Attachment A, groundwater quality is generally adequate to support existing beneficial uses
within most areas of the Subbasin and contributing watershed areas. Localized areas of poor
groundwater quality within the Subbasin and contributing watershed areas are primarily
related to the following potential sources of impairment: (1) brackish waters of San Pablo
Baylands and associated tidal marshland areas; (2) hydrothermal fluids associated with portions
of the Sonoma Volcanics and/or fault zones; (3) deep connate waters associated with ancient
seawater entrapped during deposition of Tertiary Era sedimentary units; and (4) anthropogenic
inputs associated with certain land use activities (e.g., industrial, agricultural, or urban land
uses).
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Attachment B includes the current open cleanup cases as available on the GeoTracker site by
the State Water Resources Control Board.
Existing water quality monitoring programs may be used to help collect data during GSP
implementation and establish consistency with other programs. Attachment C describes an
example existing monitoring network for groundwater quality recently developed for the
Sonoma Valley Salt and Nutrient Management Plan. This network includes public supply wells
that are sampled periodically to report water quality data to DDW.

Considerations when Setting Sustainable Management Criteria
Degraded groundwater quality is one of the more complex SMCs to develop and several
considerations need to be addressed in order to get to the complete SMC development.
The GSA must choose from three different metrics to develop minimum thresholds and
measurable objectives. Picking the right one depends on the available data and monitoring
networks, and understanding of the basin’s groundwater quality conditions.
After agreeing on the metric for measuring groundwater quality conditions, the GSA must take
a series of actions before establishing minimum thresholds and measurable objectives. These
actions include:
•

Identifying the list of beneficial users and uses of groundwater that may be impacted by
water quality degradation due to GSP projects and actions. Examples may include
drinking water suppliers that would need to treat degraded groundwater before it is
served, irrigation uses that could see a loss in crop production due to degraded
groundwater, or environmental users that could see environmental impacts from poor
quality groundwater.

•

Identifying the COCs that will be monitored during GSP implementation to avoid
undesirable results. The COCs are generally tied to the beneficial users listed above. For
example, if GSA actions cause a constituent to migrate into a well at concentrations
above an MCL, this would cause a drinking water supplier to either add wellhead
treatment or abandon a well.

•

Understanding the local, state, and federal water quality standards applicable to the
selected COCs, before setting the SMC.

After collecting and understanding all of these items, the GSA will need to set minimum
thresholds and measurable objectives in accordance with the chosen metric for each principal
aquifer.
Considerations when setting degradation of groundwater quality SMC generally comprise the
following steps.
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1. Define level of groundwater quality management and coordination
While degradation of groundwater quality is viewed as a do-no-harm indicator, a GSA does
have the discretion to actively improve existing groundwater quality conditions. However, if
the latter approach is chosen, the GSA must take care not to incur additional liability and should
not interfere with, or attempt to duplicate, ongoing water quality protection and remediation
programs.
Recommendation: GSAs should focus on addressing groundwater quality issues related to
changed groundwater conditions caused by management of the Subbasin pursuant to SGMA,
primarily from implementation of projects and management actions. These conditions may
include changes in groundwater-levels that have the potential to induce migration of poorquality water and impact water supply wells; and active recharge operations that may alter
geochemical conditions or mobilize existing contaminants of concern (COCs).
GSAs should establish a process for routine consultations with other water quality regulatory
agencies to discuss ongoing programs and initiatives relevant to the Subbasin, share monitoring
data and information, and consider any applicable policy recommendations that would benefit
groundwater quality within the Subbasin.

2. Determine type of metric to use
Three options are available for the degradation of groundwater quality metric:
1. A volume of affected groundwater
2. The location of a COC concentration isocontour
3. A number of affected supply wells. The term supply well is not defined in the SGMA
legislation or regulations. Our recommendation is that the term supply well include
public water supply wells and irrigation wells that are included in existing monitoring
programs.
Recommendation: The proposed metric to be used for setting minimum thresholds and
measurable objectives in this Subbasin is the number of affected supply wells that are already
monitored in the Subbasin, and which represent the representative monitoring points for
degraded groundwater quality. Unlike the first two options, for which sufficient data is not
available to utilize, the third metric appears to be the most straightforward metric to monitor
over time. It requires establishing a groundwater quality monitoring network consisting of
supply wells, which can be coordinated with existing programs.

3. Determine and identify beneficial users
The purpose of defining SMCs for groundwater quality is to track any potential impacts that the
projects and actions included in the GSP may have on beneficial users in the Subbasin.
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Recommendation: The general categories of beneficial users identified for groundwater quality
include drinking water users (public drinking water systems, small water systems, and domestic
wells) and agricultural users (irrigation supply wells).

4. Define COCs for identified beneficial users
The categories of beneficial users discussed above have different COCs and established limits
for potential impacts. For example, nitrate and arsenic may affect drinking water systems and
cause potential health problems and excess levels of salts may impact irrigation systems. COCs
are identified from existing water quality regulations and they will be the ones monitored for
the GSP implementation.
Recommendation: Arsenic, boron, nitrate, and salts (measured as Total Dissolved Solids [TDS]
and/or Electrical Conductivity [EC]) have been identified as potential constituents of interest
within the Subbasin through previous studies and programs. Since these constituents pose a
potential issue for drinking water and irrigation supply, it is recommended to categorize them
as COCs for the purposes of establishing SMCs in the GSP. Should new or additional water
quality constituents be identified as potential COCs applicable to the GSP implementation
activities through routine consultation and information sharing with other regulatory agencies,
the GSA will consider adding these to the COC and monitoring list through GSP updates.
Additionally, as specific projects and actions are developed and recommended for
implementation through the GSP, any site- or area-specific water quality constituents will be
evaluated and considered for project-specific monitoring in consultation with applicable
regulatory agencies.

5. Determine the limits and concentrations for each COC and category of
beneficial user
Each COC should have an associated level of concern for each category of beneficial user. For
the drinking water supply well category, we propose using Maximum Contaminant Levels (MCL)
(or Secondary Maximum Contaminant Level (SMCL), as applicable) as the levels of concern.
For boron, which is of particular concern for irrigation water for sensitive crops, the
concentration threshold should be set at 700 ug/l as above this value it can be toxic to sensitive
plants such as grapes (Farrar et al, 2006).

6. Identify existing water quality monitoring programs that can be used for
setting SMCs
The SMC is based on a number of supply wells, and the GSA should identify sets of supply wells
that are currently monitored for various groundwater constituents and supply uses such as
drinking water and irrigation water. Because these supply wells are likely monitored under
different programs, the various supply wells will be sampled for various constituents; no one
set of constituents will be sampled in all wells. It is anticipated that most monitoring points will
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come from public water supply wells since these wells comprise the significant majority of
monitoring programs. Existing monitoring programs include municipal water quality reported to
the Division of Drinking Water (DDW), and groundwater sampling being performed in response
to the Salt and Nutrient Management Plan implementation.
Existing and future water quality monitoring programs may be used to help collect data during
GSP implementation and establish consistency with other programs. Additional information on
each of the existing monitoring programs is provided in Table 1. Table 2 provides information
on future monitoring networks to be used specifically for monitoring projects and management
actions for GSP implementation.
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Table 1. Sonoma Valley Subbasin Existing Monitoring Networks

Existing
Monitoring
Network

Responsible
Party

Type of
Wells

Constituents
Sampled

Sampling
Frequency

Purpose of
Network

Salt and
Nutrient
Management
Plan

Sonoma
Valley
Sanitation
District

Irrigation,
domestic,
public
supply,
monitoring

EC, TDS,
Nitrate

Annually,
in October.

Abide by SNMP
requirements

DDW Public
Supply Wells

Cities and
small water
systems

Public
Supply

Subset of
Title 22
constituents

Monthly?

Protect drinking
water
beneficial users

Table 2. Future Monitoring Network for Project-Specific Monitoring

Future Asneeded
Monitoring
Network

Responsible
Party

Type of
Wells

Constituents
Sampled

Sampling
Frequency

Future Project
Implementation
Monitoring
Network

GSA

To be
determined
(public and
private
wells)

COCs
identified as
part of the
GSP – and to
the
constituents
as required
by the
project
permitting

To be
Identify water
determined quality impacts
related to sitespecific project
and action
implementation
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Purpose of
Network

7. Establish SMC
Minimum thresholds and measurable objectives are criteria for groundwater management in
20 years. Groundwater quality is regulated by other local, state and federal statutes
administered by other agencies and is not regulated by SGMA.
The primary challenge in establishing SMCs is to establish what constitutes an impact from GSP
projects and actions. The GSA should not set SMCs in a way that makes the GSA responsible for
natural changes in groundwater quality or groundwater degradation caused by others. An
additional, but related challenge is being able to assess in the future if any degradation to
groundwater quality is due to SGMA activities.
Recommendation: A potential draft statement of significant and unreasonable degraded
groundwater quality might be:
Significant and unreasonable water quality conditions occur if Sonoma Valley
GSP projects or management activities cause an increase in the concentration of
constituents of concern in groundwater that lead to adverse impacts on
beneficial users or uses of groundwater. Adverse impacts include diminished
supply due to water quality impacts, such as non-compliance with drinking water
standards or undue costs for mitigating negative impacts such as wellhead
treatment or well replacement.
Next Step: Staff will develop a strawman proposal for establishing minimum thresholds and
measurable objectives for consideration at the next AC meeting.
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Attachment A:
Excerpt from The Draft Sonoma Valley Subbasin GSP Describing
Current and Historical Water Quality Conditions
3.2.5

Groundwater Quality Conditions and Trends

Groundwater quality sampling has been performed throughout the Subbasin for a number of
different studies and regulatory programs. This section provides a summary of groundwater
quality conditions and trends from these various studies and regulatory programs, which
include the following:
•
•
•
•
•
•
•

DWR periodic sampling of private wells (1950s to 2010)
GAMA studies of public water supply wells (2004) and private domestic wells (2012)
USGS 2006 study
2014 Salt and Nutrient Management Plan (RMC, 2014)
USGS 2016 water quality sampling
Data from regulated public water supply system sampling
Regulated contaminant sites

Groundwater quality is generally adequate to support existing beneficial uses within most areas
of the Subbasin and contributing watershed areas. Localized areas of poor groundwater quality
within the Subbasin and contributing watershed areas are primarily related to the following
potential sources of impairment: (1) brackish waters of San Pablo Bay and associated tidal
marshland areas; (2) hydrothermal fluids associated with portions of the Sonoma Volcanics
and/or fault zones; (3) deep connate waters associated with ancient seawater entrapped during
deposition of Tertiary Era sedimentary units; and (4) anthropogenic inputs associated with
certain land use activities (e.g., industrial, agricultural, or urban land uses).
The following sections describe general groundwater quality characteristics and the occurrence
and distribution of naturally occurring and anthropogenic constituents of interest. Summary
results are provided for general minerals major-ion data, total dissolved solids and specific
conductance, and arsenic, nitrate, boron and chloride, which are constituents that have been
identified as constituents of interest in previous studies within the Subbasin and/or serve as
indicators for thermal, brackish or saline groundwater. This section also includes a discussion of
special focus parameters, including stable isotopes and trace elements used for age-dating and
tracers to provide insights on groundwater movement.
The following descriptions of these constituents within the Subbasin and contributing
watershed areas is based on publicly available data collected within the last ten years from
public water supply wells and special studies by the USGS and DWR, which included sampling of
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both public and private water supply wells, as well as a limited number of dedicated monitoring
wells. For wells that have been sampled multiple times within the past ten years, the most
recent sampling result is used in this analyses. The analytical results represent samples of
native groundwater collected prior to any water treatment systems and are not representative
of the drinking water delivered by the public water systems which are required to treat the
water to below applicable drinking water standards prior to delivery.
3.2.5.1

General Groundwater Quality Characteristics

Major ion concentrations and stable isotopes were used to help classify and characterize the
groundwater in the Sonoma Valley.
Major-Ion Concentrations
Major ion concentrations are assessed by evaluating relative proportions of common ions and
anions, and are used to group and classify by a water type. These data can help indicate
groundwater flowpaths and interconnection with surface water. The major-ion composition of
groundwater is controlled by the natural chemistry of the recharge water, geochemical
reactions in the subsurface and anthropogenic factors. The general composition of
groundwater in Sonoma Valley has been evaluated using a trilinear (“Piper”) diagram, which
shows the relative proportions of common cations and anions for comparison and classification
of water samples independent of total analyte concentrations, and are used to group samples
that have similar relative ionic concentrations. Most groundwater in the Subbasin is
bicarbonate type water and range from sodium-potassium type water to calcium-magnesium
type water. Farrar et al (2006) subdivided water samples from the Subbasin and contributing
watershed area into the following three general groups, as indicated on Figure 3-16a:
•

•

•

Group 1, a mixed -bicarbonate type water, which generally occurs within the shallow
aquifer system in the Subbasin, with the exception of a few wells completed within the
deeper aquifer system in the El Verano Area. It is indicative of water derived either directly
from direct infiltration of precipitation or indirectly from precipitation by means of
groundwater losses to streams or streamflow losses to groundwater.
Group 2, a mixed-cation chloride water that includes hydrothermal waters and water
influenced by brackish water from San Pablo Bay. Wells that produce Group 2-type water
are generally less than 500 feet deep and occur sporadically near the alignment of fault
zones and in the southern portions of the Subbasin near San Pablo Bay.
Group 3, a sodium-bicarbonate type water, which generally occurs within the deep aquifer
system in the Subbasin and appears to represent waters that may have acquired their
sodium bicarbonate composition through cation exchange along groundwater flow paths
and are generally older waters that have undergone relatively long travel times and/or
distances within the groundwater system .

As indicated above, water samples that plot within the same group may be indicative of waters
that are of similar origin or have undergone similar hydrogeochemical processes of
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transformations. In general, results of the major ion concentrations analyses suggests
groundwater in the Sonoma Valley is a more mixed-cation bicarbonate moving south to a
sodium-bicarbonate type until reaching Highway 121 where chloride becomes a dominant
anion associated with brackish water of the tidal marshlands at the south end of the valley.
Age-dating constituents and isotopic tracers
Stable environmental isotopes are measured as the ratio of the two most abundant isotope
types of a given element, and in hydrologic studies, oxygen and hydrogen are used commonly.
For oxygen it is the ratio of Oxygen-18 (18O) to Oxygen-16 (16O), and for hydrogen, it is the ratio
of deuterium (2H or D) to hydrogen (1H). These data provide information on the potential
source, evaporative history, and movement of water. Water that condensed at cooler
temperatures (precipitation that condenses at higher altitudes, cooler climatic regimes, or
higher latitudes) tends to be isotopically lighter than precipitation that condenses at higher
temperatures (precipitation that condenses at lower altitudes, warmer climatic regimes, and
lower latitudes) (Muir and Coplen, 1981). Water that has been partially evaporated is enriched
in the heavier (less negative) isotopes; these values plot to the right of the meteoric water line,
along a line known as the evaporative-trend line. Results from the stable isotope analyses
suggest that groundwater recharge in the Subbasin is primarily from infiltration of precipitation
and the infiltration of seepage from water courses.
Groundwater in shallow- and intermediate-depth wells near Sonoma Creek and in the southern
portions of the Subbasin (Schellville vicinity) is generally isotopically heavier and contains water
that is at least partly evaporated suggesting a connection with a surface water source prior to
infiltration and recharge (Farrar et al, 2006).
Groundwater from wells completed within the deep aquifer system is generally isotopically
lighter, which may indicate older groundwater with a colder, wetter climatic source or water
originating from a higher elevation in the watershed. Wells producing isotopically lighter
groundwater, which was less affected by evaporation prior to infiltration and recharge, include
wells located near Sonoma Creek or its tributaries in the northern portions of the Subbasin and
contributing watershed area, in and along the margins of the Mayacamas and Sonoma
Mountains (both areas where streams exhibit coarser sediments and steeper gradients allowing
for faster runoff and infiltration and minimal evaporation), near mapped or inferred faults and
in areas of higher salinity water (Farrar et al, 2006). The USGS also noted that the relatively
light isotopic composition of waters from several wells within the area of higher salinity
groundwater in the southeastern portions of the Subbasin is not characteristic of water
influenced by modern saltwater or brackish waters, but rather is consistent with older connate
waters which originated during a cooler and wetter climatic period (Farrar et al, 2006).
In the El Verano area, sampling of ten domestic wells conducted by Lawrence Livermore
National Laboratory (LLNL) suggest that the main source of groundwater recharge is primarily
dispersed infiltration of local precipitation with no significant component of water from higher
elevations or evaporation before recharge (Carle et al, 2010). The study also found that the
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domestic wells sampled, which are primarily completed across the shallow aquifer system,
produce a mixture of modern (less than 50 years old) and pre-modern (more than 50 years old)
water with the pre-modern component making up the majority and modern water ranging from
16 to 43 years old comprising between 2 to 25% based on tritium-helium age dating (Carle et al,
2010). The youngest ages in the study were found in wells closest to Carriger Creek indicating
that the creek and/or associated Carriger Creek alluvial fan is likely an important source of
groundwater recharge to the shallow aquifer system in this area.
Age-dating analyses conducted by the USGS in 2015 and 2016 in the southern portions of the
Subbasin found that tritium (indicative of modern water) was detected in water from all of the
shallow aquifer system wells that were sampled and was generally not detected in deep aquifer
system wells. Minor tritium concentrations were detected from a deep aquifer system well
located in the El Verano area and near Sonoma Creek at Watmaugh Road. These wells likely
contain mixtures of pre-modern and modern water. The data suggest that in general, water
from the deeper aquifer system is pre-modern and was recharged prior to 1952 and water from
the shallow aquifer system contains components of modern water. This finding is further
corroborated by uncorrected carbon-14 age estimates which indicate that waters with the
oldest carbon-14 signatures of greater than 11,000 years old occur within the deep aquifers
system southeast of the City of Sonoma. On the basis of trace-element data, water in these
wells is likely influenced by deep water from consolidated marine sediments (connate water),
or a mixture of connate water and thermal water (N. Teague, personal communication, August
2016).
3.2.5.2

Naturally Occurring Constituents of Interest

Arsenic, boron, TDS, and chloride have been identified as naturally-occurring constituents of
interest through previous studies within the Subbasin.
Arsenic
Arsenic is a relatively common element which occurs naturally in the environment. Arsenic is
considered a carcinogen, and the maximum contaminant level (MCL) for arsenic has been set at
10 micrograms per liter (µg/L). Arsenic solubility increases with increasing water temperature,
and also tends to desorb from aquifer matrix materials under alkaline conditions (pH greater
than 8.0) (USGS 2010). Due to its increased solubility with increased temperature, arsenic is
commonly elevated in groundwater that is affected by hydrothermal fluids.
Water sample analyses for arsenic were available from 112 wells within the Subbasin and
contributing watershed areas between 2010 and 2019. The occurrence and distribution of
arsenic in groundwater is displayed on Figure 3-16b. Groundwater samples from 19 of the 112
wells (17%) exceeded the MCL of 10 µg/L for arsenic. Areas of elevated arsenic concentrations
are most notable north of Highway 121 along the 8th Street East corridor and in the vicinity of
the Eastside Fault (which likely serves as a source of upwelling thermal water in this area).
Other areas of higher arsenic concentrations are also associated with thermal water sources
and/or known or inferred faults.
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Figure 3-16c displays time-concentration plots of arsenic for wells with the longest periods of
records based on available historical data. As indicated on the time-concentration plots, the
majority of wells do not exhibit readily discernable long-term increasing or decreasing trends.
Many of the wells do exhibit significant fluctuations in arsenic concentrations over time, which
may be related to sampling procedures or short-term changes in groundwater quality, as
arsenic concentrations are strongly influenced by pH and other redox changes.
Boron
Boron is a naturally occurring element in rocks and soils, and also may be found in wastewater,
fertilizers and pesticides. Boron is a necessary nutrient for human health, but also has been
found to be a contaminant to the environment and may cause human health impacts, although
it is not considered a carcinogen and not many comprehensive health studies have been
completed. A State Notification Level of 1,000 µg/L has been established for public drinking
water supplies. However, boron in irrigation water at concentrations as low as 700 ug/l can be
toxic to sensitive plants such as grapes (Farrar et al, 2006).
Water sample analyses for boron were available from 56 wells within the Subbasin and
contributing watershed areas between 2010 and 2019. The occurrence and distribution of
boron in groundwater is displayed on Figure 3-16d. Groundwater samples from 10 of the 56
wells (18%) exceeded the State Notification Level of 1,000 µg/L for boron. Groundwater wells
exhibiting elevated boron levels are commonly coincident with wells that exhibit elevated
arsenic levels (Forrest et al, 2013), which indicate the distribution and occurrence of boron is
likely also influenced by the presence of thermal water and faults.
Chloride
Chlorides are widely distributed in nature as salts of sodium (NaCl), potassium (KCl), and
calcium (CaCl2). Chlorides are leached from various rocks into soil and water by weathering
and can also be an indicator for seawater intrusion. Chloride has a secondary maximum
contaminant level of 250 mg/L based on taste and odor thresholds.
Water sample analyses for chloride were available from 111 wells within the Subbasin and
contributing watershed areas between 2010 and 2019. The occurrence and distribution of
chloride in groundwater is displayed on Figure 3-16e. No groundwater samples exceeded the
secondary MCL of 250 mg/L for chloride. Concentrations of chloride in excess of 100 mg/L are
limited to the southeastern portions of the Subbasin from wells in the Carneros area and east of
the Eastside Fault. These wells are either wholly or primarily completed within the Huichica
Formation and the elevated chlorides in these wells are likely associated with deep connate
waters associated with ancient seawater entrapped during deposition of the Tertiary Era
Huichica Formation, which is consistent with the findings from the age-dating and trace
element data described above.
Figure 3-16f displays time-concentration plots of chloride for wells with the longest periods of
records based on available historical data. As indicated on the time-concentration plots, the
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majority of wells exhibit relatively stable concentrations of chloride over time. It is important
to note that many of the time-concentration plots do not include very complete records over
time (sampling for several of the wells which were sampled in the 1950s through 1970s were
discontinued and many of the wells with more complete recent data do not have data
extending back over time). Additionally, spatial data gaps occur in both the shallow and deep
aquifer system.
Total Dissolved Solids
Total dissolved solids (TDS) refers to the amount of minerals, salts, metals, cations and anions
dissolved in water. Pure water such as distilled water will have a very low TDS and sea water,
brackish water, older connate water, and mineralized thermal waters exhibit high TDS
concentrations. TDS has a secondary maximum contaminant level of 500 mg/L based on taste
and odor thresholds.
TDS concentrations can also be approximated by measuring the specific conductance (SC) of
water, which is the measurement of the ability of the water to conduct electricity, in
microseimens per centimeter (µs/cm) and is dependent upon the amount of dissolved solids in
the water. The relationship between TDS in mg/L usually ranges from approximately 0.5 to 1.0
times the SC, dependent upon nature of the dissolved solids and the temperature. In Sonoma
Valley, because SC data is more readily available, previous studies have developed a
relationship between SC and TDS using wells which contain measurements for both
constituents, where the TDS value is equated to 0.63 times the SC value (Farrar et al, 2006 and
RMC, 2013). For this GSP, the measured and converted TDS values are primarily used for
displaying and describing water quality conditions related to dissolved solids.
Water sample analyses for TDS (and SC as a surrogate for TDS) were available from 139 wells
within the Subbasin and contributing watershed areas between 2010 and 2019 (18 within the
shallow aquifer system and 121 within the deep aquifer system). The occurrence and
distribution of TDS in groundwater is displayed on Figures 3-16g and 3-16h for the shallow and
deep aquifer systems, respectively. Groundwater samples from three of the 18 shallow aquifer
system wells and groundwater samples from 19 of the 121 deep aquifer system wells exceeded
the secondary MCL of 500 mg/L for TDS (500 mg/L).
For the shallow aquifer system wells, the highest concentrations of TDS (greater than 1,000
mg/L) are from shallow wells completed within Quaternary Bay Muds in the tidal marshlands
near San Pablo Bay, which is consistent with the brackish water present within the tidal
marshlands. The only other sample within the shallow aquifer system which exceeds 500 mg/L
for TDS occurs just south of Highway 121 in the vicinity of Hyde/Burndale roads. The
distribution of TDS within the shallow aquifer system is not well constrained due to the
relatively sparse amount of available data.
For the deep aquifer system, the highest concentrations of TDS (greater than 1,000 mg/L) occur
outside of the Subbasin within the contributing watershed areas northeast of Glen Ellen and
near Sears Point in the southwestern most portions of the watershed. Given that these wells
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are located within upland areas of the watershed within the Sonoma Volcanics and near fault
zones, the elevated TDS in these wells is likely attributed to highly mineralized thermal
groundwater sources or highly mineralized old groundwater upwelling along faults or fractures.
The most widespread area of elevated TDS within the deep aquifer system occurs within the
southeastern portions of the Subbasin from wells in the Carneros area and east of (or in the
vicinity of) the Eastside Fault consistent with the occurrence of elevated chloride in
groundwater. In these areas, concentrations of TDS ranging between 750 and 1,000 mg/L occur
east of the Eastside Fault in the vicinity of Arroyo Seco with somewhat lower concentrations
(500 to 750 mg/L) occurring in the Carneros area and west of the Eastside Fault. These wells
are either wholly or primarily completed within the Huichica Formation and the elevated TDS in
these wells are likely associated with deep connate waters associated with ancient seawater
entrapped during deposition of the Tertiary Era Huichica Formation, which is consistent with
the findings from the age-dating, isotopic and trace element data described above.
Figure 3-16i displays time-concentration plots of TDS (and SC as a surrogate for TDS) for wells
with a sufficient amount of available historical data. As indicated on the time-concentration
plots, the majority of wells exhibit relatively stable concentrations of TDS over time. It is
important to note that many of the time-concentration plots do not include very complete
records over time (sampling for several of the wells which were sampled in the 1950s through
1970s were discontinued and many of the wells with more complete recent data do not have
data extending back over time). Additionally, spatial data gaps occur in both the shallow and
deep aquifer system.
3.2.5.3

Anthropogenic Constituents of Interest

Nitrate
Nitrate is a widespread contaminant and its occurrence in groundwater systems is commonly
associated with agricultural activities, septic systems, confined animal facilities, landscape
fertilization and wastewater treatment facility discharges. Elevated levels of nitrate in drinking
water are considered to be especially unhealthy for infants and pregnant women (SWRCB,
August 2010) and the MCL for nitrate as N is 10 mg/L.
Water sample analyses for nitrate were available from 133 wells within the Subbasin and
contributing watershed areas between 2010 and 2019. The occurrence and distribution of
nitrate in groundwater is displayed on Figure 3-16j. No groundwater samples exceeded the
MCL of 45 mg/L for nitrate. Concentrations of nitrate in excess of 10 mg/L occur sporadically in
limited areas of the Subbasin and contributing watershed areas, with the majority of these
occurring within the shallow aquifer system. The majority of wells (approximately 88%)
sampled for nitrate within the Subbasin and contributing watershed areas exhibit very low (<2
mg/L) to non-detectable concentrations of nitrate.
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Regulated sites
The Subbasin and contributing watershed area contains a number of currently regulated
contaminant release sites, many of which are under active cleanup order by the Regional Water
Quality Control Boards or County of Sonoma Department of Health Services, Environmental
Health and Safety. These include leaking underground tanks from gasoline and solvent storage.
The SWRCB’s Geotracker website identifies eight open site cases within the Subbasin and
contributing watershed area. These releases, which include petroleum and chlorinated solvent
contaminants and metals, are generally of limited areal extent, although impacts to private
water-supply wells have occurred. No known impacts to public water supply wells have
occurred related to these release sites.
The SWRCB GAMA Priority Basin Project study of the North San Francisco Bay Groundwater
Basins has included two studies by the USGS which evaluated inorganic and organic
constituents in groundwater, which includes constituents associated with regulated
contaminant release sites. The first study conducted in 2004 included samples from 18 public
water supply wells in the Subbasin and contributing watershed areas. The second study
conducted in 2012 included samples from seven private domestic wells in the Subbasin and
contributing watershed areas. These samples were analyzed for up to 270 constituents and
water quality indicators including volatile organic compounds, pesticides, nutrients, major and
minor ions, trace elements, radioactivity, microbial indicators, dissolved noble gases, and
naturally occurring isotopes (Kulongoski et al, 2010 and Bennett et al, 2014). Three of the 25
public and private wells sampled as part of the GAMA program had very low-level detections of
volatile organic compounds and/or pesticides, but all detections were significantly below the
contaminant’s respective MCLs (Kulongoski et al, 2010 and Bennett et al, 2014).
3.2.5.3

Hydrothermal System

In Sonoma Valley, hydrothermal ﬂuids with temperatures greater than 20˚ C (68 ̊ F), have been
identiﬁed in wells and thermal springs across an area that extends north from the City of
Sonoma, and includes Fetter’s Hot Springs, Boyes Hot Springs, and Agua Caliente (Waring, 1915;
California Division of Mines and Geology, 1984). The north Sonoma hydrothermal system was
constrained to depths from 50–550 ft below land surface based on temperature gradient data
from wells (Farrar et al., 2006). Hydrothermal ﬂuids in the southern part of Sonoma Valley may
be separate from the northern Sonoma hydrothermal system, and could be related to upﬂow
along fractures in the Rodgers Creek Fault Zone (Farrar et al., 2006). The Eastside fault is
thought to form the western boundary for the hydrothermal systems (California Division of
Mines and Geology, 1984).
Hydrothermal ﬂuids in the Sonoma area generally are sodium-chloride type waters and often
contain arsenic, boron, fluoride, and lithium in concentrations that exceed drinking-water
standards (California Division of Mines and Geology, 1984; Farrar et al., 2006; Kulongoski et al.,
2010). Hydrothermal ﬂuids are signiﬁcant components in some wells in the Sonoma Valley,
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particularly in the area between Fetters Hot Springs and the City of Sonoma (Farrar et al.,
2006).
Forrest et al (2013) developed a mixing model based on multivariate statistical analysis using
trace elements to broadly classify fresh groundwater, saline-impacted groundwater,
hydrothermal fluids and mixed hydrothermal/meteoric waters.
3.2.5.4

Seawater/Freshwater Interface

The seawater/freshwater interface likely occurs beneath the tidal marshlands near the
boundary with San Pablo Bay. While the specific location of the interface has not been
determined, historical sampling of water wells south of Highway 37 showed high
concentrations of TDS potentially indicative of seawater intrusion (e.g., chloride levels
approaching or exceeding 1,000 mg/L and TDS levels exceeding 1,500 mg/L ) (RMC, 2014).
Notwithstanding where the precise seawater/freshwater interface exists, the majority of
groundwater beneath the tidal marshlands located south and east of Highway 121 is impacted
with brackish groundwater and has an average TDS concentration of 1,220 mg/L (RMC, 2014).
The poor water quality in these areas is reflected in the well density map (Figure 2-6), which
shows that very few water wells have historically been completed in these areas.
Groundwater-level declines along the northern margins of the tidal marshlands and the tidal
reaches of Sonoma Creek could trigger the inducement of brackish water into fresher
groundwater aquifers and represent potential pathways for brackish water in these areas to
impact water quality in the Subbasin. Limited historical monitoring of groundwater quality in
these areas has revealed seasonal fluctuations, and some possible inland movement of brackish
water (Kunkel and Upson, 1960, Farrar et al, 2006, RMC, 2014). These historical observations
are based on water quality analyses from different monitoring networks and are primarily
limited to TDS or SC, making it difficult to discern whether the potential water quality changes
are due to either: (1) the differing distribution of sampled wells for the different timeframes;
and/or (2) the presence of older connate or thermal water sources rather than recent brackish
water, as discussed above. Additional data collection and monitoring in these areas will better
inform the current conditions and provide future monitoring of this potential risk.
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Attachment B:
GeoTracker Contamination Sites in the Sonoma Valley Subbasin
According to the State Water Resources Control Board’s GeoTracker website, there are
currently 7 cleanup sites with open status in Sonoma Valley Subbasin (Figure 1).
Table 1 provides a summary of the open sites. Of the seven sites, three are impacted with
chlorinated solvents, three are impacted with petroleum hydrocarbons, and one has no
information. The three chlorinated solvent sites are in active assessment and remediation
phases. Two of the three hydrocarbon sites are on the verge of closure, while one is still in
remedial action phases. There is one site at the Sonoma State Hospital that has no case
information and has not been updated since 1965.
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Figure 1. Geotracker Cleanup Sites in Sonoma Valley Subbasin
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Table 1: Open GeoTracker Cleanup Sites in Sonoma Valley Subbasin

Site

Site Type

Bonneau’s Shell

Automotive Facility

Chevron Station #9-8849

Automotive Facility

Daniel Auto Repair

Automotive Facility

Former Heon’s Dry
Cleaners

Dry Cleaner

Royal Crown Cleaners

Dry Cleaner

Sonoma State Hospital

Medical Facility

Spanier Property

Former Fabric
Coating Business
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Cleanup Status
Open – Eligible for
Closure (Destruction
of monitoring and
remediation wells
approved February
2020)
Open – Verification
Monitoring (will
proceed with closure
once a nearby
domestic well is
destroyed and
replaced, March
2020)
Open – Remediation
(Destruction of select
wells and a second
hydrogen peroxide
injection
recommended
January 2020)
Open – Remediation
(Vapor sampling
work plan requested
March 2020)
Open – Site
Assessment (Vapor
extraction work plan
approved November
2019)
Open – Not Specified
(Open since 1965, no
site documents
available)
Open – Site
Assessment (Initial
groundwater testing
complete, Remedial
Investigation Work
Plan due May 29,
2020)

Potential Constituents of
Concern

Diesel, Gasoline, Waste Oil

Gasoline

Diesel, Gasoline

Tetrachloroethylene (PCE),
Trichloroethylene (TCE), Vinyl
Chloride
Tetrachloroethylene (PCE),
Trichloroethylene (TCE), Vinyl
Chloride

None Specified

Chlorinated Hydrocarbons

Attachment C:
Example Groundwater Quality Monitoring Network
in the Sonoma Valley Subbasin
The Sonoma Valley Sanitation District (SVSD) developed the Salt and Nutrient Management
Plan (SNMP; RMC, 2014) in partnership with local stakeholders, that describe the current and
future potential loading of salts and nitrate in the Subbasin. The SNMP Monitoring Program was
based on the 2007 Sonoma Valley Groundwater Management Plan and includes a
recommended monitoring network of 47 wells shown on Figure 1 and summarized in Table 1:
•

12 wells sampled by Department of Water Resources (DWR) every two years.

•

26 public supply wells sampled at variable frequency, generally between one to three
years, for water quality compliance with Department of Drinking Water (DDW) and
County Department of Public Health (CDPH) regulations.

•

Nine wells installed in two dedicated monitoring well clusters sampled annually by the
SVSD.

The primary constituents of concern identified for the SNMP monitoring program were EC, TDS,
and Nitrate. Sampling will be conducted in October of each year for monitoring wells, and will
follow the CDPH schedule for drinking water quality reporting.

Table 1. Summary of SNMP Monitoring Wells
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