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1.0

Introduction

This 2016 Annual Report presents an update on the progress of the Sonoma Valley
Groundwater Management Program (GMP) during 2016. The Sonoma Valley GMP is being
implemented in accordance with the Sonoma Valley Groundwater Management Plan (Plan),
which was completed in 2007 by a broad coalition of local stakeholders. The Plan was
prepared to inform and guide the Sonoma County Water Agency (Water Agency), as the lead
agency, as well as stakeholders and other interested parties for the purpose of maintaining
a sustainable, high-quality groundwater resource for the users of the groundwater basin
underlying the Sonoma Valley.

This report covers the ninth year of implementation of the Sonoma Valley GMP and is
organized as follows:
• Section 1 provides the purpose of this annual report, background information on the
Plan, including the GMP organization and structure, and a summary of the recently
enacted Sustainable Groundwater Management Act (SGMA)
• Section 2 provides an update on Water Year 2016 Sonoma Valley hydrologic conditions
• Section 3 presents a summary of activities conducted in 2016 and an overview of GMP
activities planned for 2017

1.1 Purpose of the Annual Report

The purpose of this Annual Report is: (1) to provide an overview of groundwater conditions
and monitoring results during Water Year 2016; (2) to summarize and document the
activities conducted and accomplishments achieved in 2016; and (3) to present a summary
of planned future management activities. For a more comprehensive summary of
hydrogeologic conditions, including an assessment of progress on basin management
objectives, the reader is referred to the Five Year Review and Update Report (Sonoma Valley
Groundwater Management Program, March 2014) http://www.scwa.ca.gov/five-yearreview/. This Annual Report is also intended to be a tool for updating and obtaining feedback
from stakeholder constituency groups and other interested parties on various aspects of the
Sonoma Valley GMP, including the progress made to date on Plan implementation and plans
for the future.

1.2 Overview of Sonoma Valley Groundwater Management Plan
1.2.1. Plan Area

The area subject to the Plan and GMP is shown in Figure 1-1, and lies within the San Francisco
Bay Hydrologic Region. The GMP area encompasses the Sonoma Creek Watershed and
includes the Sonoma Valley and the southern portion of the Kenwood Valley, designated
groundwater basins 2-2.02 and 2-19, respectively, as determined by the California
Department of Water Resources (DWR). For the purposes of this report, the GMP Area is the
Sonoma Valley and includes the City of Sonoma and communities of El Verano, Boyes Hot
Springs, Glen Ellen, Kenwood, and the southernmost portions of Oakmont.
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Figure 1-1 Sonoma Valley Groundwater Management Plan Area
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1.2.2. Plan Background
Groundwater resources have long played a significant role in the development, growth and
sustainability of the Sonoma Valley, with more than half the water demand in a given year
met by local groundwater resources. With increasing demand on finite local groundwater
supplies, stored groundwater in the Sonoma Valley has been and will continue to be depleted
without appropriate actions being taken in the near future. In response, the Plan was
developed in coordination with the Water Agency, the Valley of the Moon Water District
(VOMWD) and the City of Sonoma (City) under a collaborative and cooperative process that
included a broad range of 20 stakeholders participating on the Basin Advisory Panel (Panel).
The Panel consists of representatives from local agriculture, dairies, government, private
business enterprises, environmental groups, and domestic well users. The Plan was adopted
by the Water Agency, City, VOMWD, and the Sonoma Valley County Sanitation District in late
2007. Additionally, letters of support and endorsement for the Plan were received from the
Sonoma Valley Vintners & Growers Alliance, the Sonoma Ecology Center, the Mission
Highlands Mutual Water Company, and the Sonoma County Water Coalition. The Plan
identifies a range of water management options, including groundwater recharge and
greater conservation, to help balance water demand with water supply.
The Plan was prepared under the authority of the Groundwater Management Act, California
Water Code (Water Code) § 10750 et seq., originally enacted as Assembly Bill (AB) 3030 in
1992 to encourage voluntary, non-regulatory groundwater management at the local level.
The Plan also conforms to additional Water Code amendments enacted as Senate Bill (SB)
1938 in 2002 and AB 359 in 2011.

1.2.3. Lead Agency, Basin Advisory Panel and Technical Advisory

Committee

The Water Agency is the lead agency and is responsible for managing GMP activities and
progress. The lead agency directs and is responsible for all GMP studies, projects, and
programs it directly or indirectly finances. The lead agency coordinates with Sonoma Valley
stakeholders through the Panel, who provide input and direction to the lead agency in
implementing the GMP. The VOMWD and the City, in coordination with the lead agency and
the Panel, also undertake actions identified in the Plan. In addition, a Technical Advisory
Committee (TAC) provides technical support to the Panel and the Agency.

1.2.4. GMP Goal, Basin Management Objectives, Management

Components and Actions

The stated goal of the Sonoma Valley GMP, as presented in the Plan is:

To locally manage, protect, and enhance groundwater resources for all beneficial uses
in a sustainable, environmentally sound, economical, and equitable manner for
generations to come.

The purpose of the GMP is to serve as the initial framework for integrating the many
independent groundwater management activities to meet this goal.
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As part of the Plan, Basin Management Objectives (BMOs) were developed by the Panel to
provide measurable and verifiable accomplishments for meeting the overall goal of the Plan.
Ten BMOs provide the foundation for achieving the Plan's goal (Table 1-1).

The Plan includes a variety of components that are required by Water Code § 10753.7,
recommended in DWR Bulletin 118 California's Groundwater (DWR 2003), and identified as
optional programs under Water Code § 10753.8. These components are grouped into five
general categories termed Plan Component Actions:
1. Stakeholder Involvement
2. Monitoring Program
3. Groundwater Resource Protection
4. Groundwater Sustainability
5. Planning Integration

Management actions for each Plan Component Action form the foundation for meeting the
BMOs and goal. Management actions, management components, and the Sonoma Valley GMP
organization are identified in Section 3. Details on the GMP actions are provided in the Plan,
which is available for review at http://www.scwa.ca.gov/svgroundwater/. For further
information, contact Marcus Trotta, SCWA (707) 547-1978, mtrotta@scwa.ca.gov.
Table 1-1 Basin Management Objectives and Management Components

1.2.5. Annual and Periodic Reports on GMP
A key element of the Plan is to conduct annual and periodic review and progress reports on
the groundwater management program developments over time. The following are
available on the SVGMP website:
• 2016 – 2015 Annual Report, Sonoma Valley Groundwater Management Program
• 2014 – Five Year Review and Update, Sonoma Valley Groundwater Management
Program
2013 – 2012 Progress and 2013 Plans, Sonoma Valley Groundwater Management
Program
• 2012 – 2011 Progress and 2012 Plans, Sonoma Valley Groundwater Management
Program
• 2011 - 2010 Annual Report, Sonoma Valley Groundwater Management Program
• 2010 - 2009 Annual Report, Sonoma Valley Groundwater Management Program
• 2009 – 2008 Annual Report, Sonoma Valley Groundwater Management Program

1.3 New Sustainable Groundwater Management Act

In September 2014, Governor Brown signed legislation requiring that California’s critical
groundwater resources be sustainably managed by local agencies. The Sustainable
Groundwater Management Act (SGMA) gives local agencies (cities, counties and water
districts) powers to sustainably manage groundwater over the long-term, and requires
Groundwater Sustainability Agencies (GSAs) be formed and Groundwater Sustainability
Plans (GSPs) be developed for medium- and high-priority groundwater basins. The Sonoma
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Valley groundwater sub-basin (as defined in DWR’s Bulletin 118 and shown on Figure 1-1)
is identified as a medium priority basin and is, therefore, subject to the requirements of
SGMA.

The first step in implementing the new law is to form a Groundwater Sustainability Agency
(GSA) for the Sonoma Valley groundwater basin. Significant progress has been made in
2015-2016 towards forming a GSA in the Sonoma Valley, with the goal to meet SGMA
requirements to form the new Sonoma Valley GSA on or before June 30, 2017. In the
meantime, the existing Lead Agency, Basin Advisory Panel and TAC will continue to function
under the GMP. The existing stakeholder participation framework forms a strong basis for
the collaborative processes encouraged under SGMA, including the use of advisory groups
and considering the interests of the beneficial uses and users of groundwater. Section 3.1
provides a summary of progress and public outreach conducted in 2015 on the process of
forming a GSA for the Sonoma Valley.
The second step required under SGMA will be to develop a new groundwater sustainability
plan, which must be completed by January 31, 2022. The existing GMP forms a strong
foundation upon which to build in the development of the new GSP.
For further information on the new groundwater law and SGMA activities in Sonoma County,
visit SonomaCountyGroundwater.org. For further information on the Plan implementation,
contact Marcus Trotta, Sonoma County Water Agency (707) 547-1978,
mtrotta@scwa.ca.gov.
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2.0

Summary of 2016 Hydrologic Conditions

This section provides a summary of hydrologic conditions for Sonoma Valley during Water
Year 2016 based on precipitation, stream flow, and groundwater data collected in 2016 from
the locations shown on Figure 2-1. The following primary findings are further described in
subsequent sections:
•

•

•

Water Year 2016 was listed by the California Department of Water Resources as
statewide dry conditions, although northern California received average to above
average rainfall in places. Locally, this marks the fifth consecutive below average rainfall
year, with the four previous years considered drought conditions, and falling on the tail
of a longer-term dry period (12 of the last 16 years have exhibited below average
rainfall).
Groundwater level declines continue to persist within deep zone aquifers primarily
southeast of the City and in the El Verano/Fowler Creek subareas. The areas of decline
have persisted for the last decade or more and may be expanding. While the magnitude
of the declining rate may be influenced, in part, by the lower than average rainfall in
recent years, many of the wells with declining groundwater levels exhibit persistent
declines that do not recover during relatively wetter years. These chronic declines
indicate that groundwater withdrawals are occurring at a rate exceeding the rate of
recharge or replenishment within the deeper aquifer zones of southern Sonoma Valley.
Surface water-groundwater interaction continues to be an important component of the
groundwater system in Sonoma Valley. Data from the GMP monitoring program provides
information on seasonally and annually variable groundwater discharge from the
shallow aquifer to maintain and enhance flows in the Sonoma Creek and many of its
tributaries, and the important role streams play in recharging groundwater in some
areas.

2.1 Climate Conditions

The climate of the study area is Mediterranean, with moderate temperatures and distinct
wet and dry seasons. About 90 percent of the annual precipitation typically occurs during
the months of November through April. Precipitation is highly affected by atmospheric
rivers, which concentrate rainfall and runoff along narrow bands, typically a few hundred
kilometers (km) wide and several thousand km long. Nearly 50% of the precipitation in the
Sonoma County area is due to atmospheric rivers (Dettinger, et al, 2011). While the rainfall
pattern is generally consistent, rainfall amounts can vary considerably throughout Sonoma
Valley based on elevation and geographic location within the valley.
Mean annual precipitation at Sonoma averaged 28.77 inches during the 64-year period from
1953 through 2016 (Figure 2-2), as calculated from rainfall measurements collected at the
Climate Station SONOMA.C (NCDC #8351, Sonoma). This calculation is based on the annual
Water Year standard nomenclature, which begins on October 1st and ends the following
calendar year on September 30th. This station is located approximately 0.5 miles northwest
of the Sonoma Post Office at latitude 38o17’55” N, longitude 122o27'43"W, elevation 97 feet
mean sea level (NGVD 29). For the past 15 years, annual Water Year precipitation has been
SVGMP 2016 Annual Report
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Figure 2-1

Monitoring Network
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Figure 2-2

Sonoma Annual Rainfall 1953-2016 (Water-Year)
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significantly lower than the long-term and has averaged 25.19 inches per year between 2001
and 2016. As indicated in Figure 2-2, 2016 was the fifth consecutive year of below average
rainfall, with a total of approximately 24 inches of precipitation. Additionally, 12 of the last
16 years exhibited below average annual rainfall. The majority of the rainfall for Water Year
2016 (beginning October 1, 2015 and ending September 30, 2016) fell during the months of
December 2015, January and March 2016.

2.2 Surface Water Conditions

Streams and creeks in the Sonoma Creek Watershed provide valuable riparian and aquatic
habitat and drain southerly to the marches and tidelands fringing San Pablo Bay. Surface
water conditions are measured and evaluated with stream gages and seepage
measurements.

2.2.1. USGS Gaged Flow

Discharge in Sonoma Creek is gaged near the middle part of the valley at the Agua Caliente
Avenue bridge near Agua Caliente (USGS station number 11458500), and near Kenwood
(USGS station number 11458433) (as shown in Figure 2-1). The Kenwood stream gage was
installed in the fall of 2008 and does not have a long-term record. The Agua Caliente gage
operated from 1955 through 1981 and was then temporarily discontinued until 2001 when
it was restarted.
Discharge measured at the Agua Caliente gage varies considerably annually, as shown in the
graph of total annual discharge in acre-feet. The mean annual discharge of Sonoma Creek at
the Agua Caliente gage (Figure 2-3) is 49,372 acre-feet (AF), on the basis of records for water
years 1956–81 and 2002–16 (1 acre foot = 43,560 cubic feet = 325,900 gallons which is
enough water to cover a football field with one foot of water). A maximum annual discharge
of 123,402 AF was measured in 2006, and a minimum discharge of 1,002 AF was measured
in 1977. Compared to the mean, total annual discharge of Sonoma Creek measured at the
Agua Caliente gage in 2016 was lower at 44,501 AF.

The mean annual discharge of Sonoma Creek at the Kenwood gage for the nine years it has
been operating is approximately 9,102 AF, ranging from approximately 4,283 AF in Water
Year 2009 to approximately 19,495 AF in Water Year 2011(Figure 2-3). It is important to
note that the period of record for the Kenwood gage upon which this mean is based is quite
short and primarily encompasses rainfall years that are well below average. Total annual
discharge of Sonoma Creek at the Kenwood gage in 2016 was 10,135 AF, indicating that
between Kenwood and Agua Caliente, Sonoma Creek gained approximately 34,366 AF (from
a combination of tributary inflows and seepage from groundwater).

In most water years, daily discharge does not increase markedly until November or
December, after which it begins to rapidly decrease in April or May in response to the normal
annual cycle of precipitation. In 2016, the discharge pattern mirrored the rainfall pattern,
with the peak flows occurring in December, January and early March that dropped off
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Figure 2-3

Agua Caliente and Kenwood Gages Annual Discharge and Precipitation 2004-2016
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appreciably in mid-March, as shown on Figure 2-4. With the wet early spring conditions,
discharge declines commenced more normally in mid- to late-March. Due to the wetter
conditions, streamflow at the Agua Caliente gage mimicked the 40-year median of
approximately 0.4 cubic feet per second (cfs) for September. Streamflow at the Kenwood
gage declined to immeasurable flow in late-July.

2.2.2. Seepage Runs

Synoptic streamflow measurements (seepage runs) were conducted on Sonoma Creek and
its tributaries in 2016 by the Sonoma Ecology Center and Water Agency. These seepage runs
consist of a series of streamflow measurements made at multiple sites over a short time
period (e.g., single day to several days) along Sonoma Creek and its tributaries to quantify
streamflow gains and losses for a specific time period. The seepage runs provide insights
into stream reaches that rely on shallow groundwater to support streamflows and areas
where surface water from streams provide a source of recharge to the groundwater system,
as well as how these conditions can vary seasonally. In addition to streamflow, water quality
measurements of surface water temperature and specific conductance are also made at each
location.

In 2016, semiannual measurements were collected in April and September at approximately
54 sites (15 located on the main stem of Sonoma Creek and 41 located on tributary streams).
A smaller subset of sites (18 to 19 locations) was also monitored in March, July and
November 2016, with each of the three events consisting of five locations on the main stem
of Sonoma Creek and 13 to 14 located on tributary streams.

Results from the seepage measurements for April and September 2016 (spring and fall) are
provided on Figure 2-5. Stream reaches were categorized, based on the calculated gain or
loss in cfs per 1,000 feet of stream into four categories:
1) Gaining reaches (minor, moderate or major) - groundwater is discharging into the stream
2) Losing reaches (minor, moderate or major) - surface water is recharging groundwater
3) Neutral reaches
4) Dry reaches

The results from seepage measurements collected in April 2016 are generally consistent
with previous seepage runs conducted in spring 2003, 2010, 2014, and 2015 (USGS, 2006,
Water Agency, 2014 and 2015) and indicate that the majority of the main stem of Sonoma
Creek is gaining or neutral in the springtime. Exceptions to the gaining or neutral conditions
have consistently occurred within the upper reach near Kenwood where Sonoma Creek
leaves Adobe Canyon and crosses over its alluvial fan in the vicinity of Highway 12. In this
area, losing conditions predominate (surface water recharges groundwater). Additionally,
in spring 2016 losing conditions were observed along a segment of the main stem of Sonoma
Creek between the Calabazas Creek confluence to Madrone Road Bridge, which has
historically been neutral or gaining in the spring. The results of measurements made on
tributary streams in 2016 were also generally consistent with historical springtime
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Figure 2-4 Agua Caliente and Kenwood Gages Daily Discharge and Precipitation Water-Year 2016
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measurements. Stream segments exhibiting more significant gains or losses (moderate to
major) in 2016 are further summarized below.

The more significant gaining reaches (moderate to major gain) along Sonoma Creek include:
• Bear Creek confluence to Adobe Canyon Road site (spring)
• USGS Gauge at Kenwood to Randolph Road (spring and fall)
• Yulupa Creek confluence to the Calabazas Creek confluence (spring)
• Madrone Road Bridge to Agua Caliente Road Bridge (spring)
• Agua Caliente Road Bridge to Watmaugh Road Bridge (spring)
More significant gaining reaches (moderate to major gain) along tributaries includes:
• Calabazas Creek from Dunbar Road to Warm Springs Road (spring)
• Nathanson Creek from Patten Street Bridge to Nature Park (spring)
• Calabazas Creek from Restoration Site to Highway 12 Bridge (fall)
The more significant losing reaches along Sonoma Creek include:
• Highway 12 to USGS Gage at Kenwood (spring)
• Confluence with Calabazas Creek to Madrone Road Bridge (spring)
• Upper reach near Kenwood – Adobe Canyon Road site to Highway 12 (fall)
• Madrone Road Bridge to Agua Caliente Road Bridge (fall)

The primary losing reaches along tributaries include:
• Nathanson Creek from Nature Park to Broadway site (spring)
• Other minor losing reaches occur along the upper reaches of Carriger Creek, Nathanson
Creek and Arroyo Seco Creek in the Spring
Comparison of the April and September seepage run results in Figure 2-5 reveal several
seasonal patterns during 2016 including:
• Several reaches remain gaining in both the spring and fall. These include the headwater
areas of Sonoma Creek in the uplands of Adobe Canyon, the segment of Sonoma Creek
in Kenwood between USGS stream gage (near Lawndale Rd) and Randolph Rd, and the
upper reaches of Calabazas Creek.
• Several reaches remain losing in both the spring and fall. These include Carriger Creek
between Grove Street and Arnold Drive and the upper portions of Sonoma Creek reach
near Kenwood where it leaves Adobe Canyon and crosses over its alluvial fan in the
vicinity of Highway 12.
• Several reaches that exhibit losing or minor gaining conditions in the spring were dry in
September 2016. These include the entire gauged reaches of Nathanson and Arroyo
Seco, Felder and Rodgers Creeks and the portions of Carriger Creek downstream of
Arnold Drive.
• Several reaches that exhibit moderate to major gaining conditions in the spring convert
to losing conditions in the fall. These include Sonoma Creek between the Yolupa Creek
confluence and the Calabazas Creek confluence in Glen Ellen area, Sonoma Creek
between Madrone Road and Leveroni Road, and Calabazas Creek between Highway 12
and the confluence with Sonoma Creek.
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Figure 2-5 Seepage Run Results – April and September 2016
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•

Two moderate to major losing reaches in the spring convert to minor gaining reaches in
the fall. These areas include Sonoma Creek between the Calabazas Creek confluence
and Madrone Road and Sonoma Creek between Leveroni Road and Watmaugh Road.

Results of water quality monitoring for specific conductance in surface water are also
included in Figure 2-5. The relatively higher levels of specific conductance observed in the
fall in comparison with the spring is likely an indicator that groundwater (which typically
exhibits a higher specific conductance than surface water) represents a larger component
of the baseflow in streams during the drier fall months. The results seepage runs highlight
the interconnected nature of streamflows and the shallow aquifer systems in Sonoma
Valley and provide insights into stream reaches that rely on shallow groundwater to
support streamflows and areas where surface water from streams provide a source of
recharge to the groundwater system, as well as how these conditions can vary seasonally.

2.3 Groundwater Conditions

This section presents the results of the groundwater level monitoring program in the
Sonoma Valley performed as part of the GMP. To maintain consistency with the approach
utilized in the 2006 USGS report, the 152 groundwater level monitoring program wells were
subdivided according to their well-screen depth or total depth into the following three
categories: (1) 200-feet deep or less; (2) greater than 200 feet to 500 feet deep; and (3)
greater than 500 feet deep. As indicated on Figure 2-1, 61 wells are to 200-feet deep or less,
41 wells are greater than 200 feet to 500 feet deep, 33 wells are greater than 500 feet deep,
and 17 wells lack information to determine their depth. Due to the limited number and
distribution of wells that are greater than 500 feet deep, for the purposes of preparing depthspecific groundwater-level hydrographs and groundwater-level contour maps, wells were
grouped into two categories: (1) 200-feet deep or less; and (2) greater than 200-feet deep.
Additionally, groundwater-level data has been collected utilizing Water Agency pressure
transducers at a number of dedicated monitoring wells, private, mutual water company, City
of Sonoma and VOMWD wells over the past several years. Groundwater-level data collected
from these wells is included in Appendix B.

2.3.1. Additional Hydrogeologic Data Collection

Additional hydrogeologic data was collected in 2016 through the installation of four new
wells in the Sonoma Valley (see Section 3.2 New Well Installations for more information):
• City of Sonoma Test Well - Drilling encountered hard Sonoma Volcanics as well as coarsegrained sediments (poorly graded sands), also part of the Sonoma Volcanics, favorable
for groundwater recharge. The poorly graded sands were encountered between about
100 and 215 feet below groundwater surface (ft bgs), with an interbedded sequence of
sandy clay occurring between 160 and 170 ft bgs. A red to dark gray welded volcanic tuff
was encountered at 215 ft bgs and continued to the bottom of the borehole. The static
groundwater level measured was approximately 70 ft bgs.
• VOMWD Corporation Yard Monitoring Well – Underlying sediments are interpreted to be
part of the Glen Ellen Formation and consisted mostly of clays; however, a few coarseSVGMP 2016 Annual Report
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•

•

•

grained units were encountered at depths of 100 to 140 feet bgs, 450 to 465 feet bgs, and
580 to 660 feet bgs. Static groundwater levels were approximately 41 feet in the shallow
zone well (CYMW-1A) and approximately 82 feet in the deep zone well (CYMW-1B). The
appreciable difference in static groundwater-levels, significantly different chemical
signatures and calculated ages, along with the thick sequences of intervening clay
indicate significant separation exists between the flow systems of the shallow and deeper
zones. The water quality of the deeper well CYMW-1B shows arsenic and manganese
concentrations are significantly higher than the drinking water MCL, in addition to
elevated temperature, dissolved methane gas, and elevated chloride levels.
Carriger Creek Shallow Monitoring Well - The recharge potential for this area was
estimated to be high based on the overall coarse-grained nature of sediments
encountered and depth of water at 55 ft bgs providing ample space for water
replenishment; however a 10 ft thick silt and clay horizon was present at 10 to 20 ft bgs,
which would require further investigation on its distribution prior to considering
stormwater recharge projects in this area.
Adobe Canyon Shallow Monitoring Well - The recharge potential for this area was
estimated to be high based on the overall sand and gravel dominated nature of sediments
encountered; however the shallow depth to water at 25 ft bgs in August 2016 may limit
potential replenishment and additional groundwater level data will be assessed to
evaluate seasonal and annual trends in water levels and storage space.

2.3.2. Groundwater Level Elevations

Groundwater level elevation contour maps for spring 2016 in both shallow wells (200-feet
deep or less) and deeper wells (greater than 200-feet deep) are shown in Figures 2-6 and 27, respectively. The 2016 groundwater level elevations ranged from approximately:
• Shallow wells - 487 feet mean sea level (msl) in the north end of the Sonoma Valley to 1
feet msl in the south end
• Deeper wells - 510 feet msl in the north end of the Sonoma Valley to -110 feet msl in
southern Sonoma Valley
Comparison of changes in groundwater levels between spring 2015 and spring 2016 was
made for wells with available measurements in both those time periods (37 shallow zone
wells and 61 deeper zone wells:
• Shallow zone wells exhibited an overall average increase in groundwater levels of
approximately 2.1 feet (median increase of approximately 1.2 feet)
− 24 shallow zone wells exhibited an increase in groundwater levels ranging from
approximately 0.8 to 30.5 feet
− 13 shallow zone wells exhibited a decline in groundwater levels ranging from
approximately 0.03 to 15.5
• Deep zone wells exhibited an overall average increase in groundwater levels of
approximately 0.5 feet (median increase of approximately 0.6 feet)
− 31 deep zone wells exhibited an increase in groundwater levels ranging from 0.3 to
15.8 feet
− Three as no change in groundwater level in one well
− 23 deep zone wells exhibited a decline in groundwater levels ranging from 0.3 to 24.5
feet
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The spring 2016 groundwater-level contour maps in both the shallow and deeper zones
indicate that groundwater flows from recharge areas in the mountains toward the valley
axis, and in a generally southern direction along the valley floor towards San Pablo Bay.
Comparison of the shallow and deeper groundwater-level contour maps indicates that
groundwater elevations in the deeper zone range up to approximately 100 feet lower than
groundwater elevations in the shallow-zone in portions of southern Sonoma Valley.

There are two persistent groundwater pumping depressions in the southern Sonoma Valley,
first identified in a 1999 report prepared for the VOMWD (LSCE, 1999) and further described
in the 2006 USGS report, and Plan annual report and updates (Section 1.2.5.), which are most
apparent in the deeper zone groundwater level contour maps (Figure 2-7). Southeast of the
City of Sonoma, measured groundwater levels ranged up to 110 feet below sea level and in
the El Verano area groundwater levels ranged up to 43 feet below sea level in in these two
deeper zone pumping depressions.

It is important to note that groundwater elevations measured in nearby wells can be highly
variable due to differences in well design (i.e., the depth and length of well screen intervals)
and the spatial variations in aquifer materials (which can vary abruptly due to the complex
geologic conditions and numerous fault zones present in Sonoma Valley). Therefore, the
associated groundwater level contour maps represent regional groundwater level flow
patterns and should not be used to interpret more localized or site-specific conditions.

2.3.3. Groundwater Level Trends

Representative hydrographs are provided in Figures 2-8 and 2-9 for the shallow and deeperzone wells, respectively, showing a select number of well hydrographs distributed
throughout the valley. Hydrographs for all wells included in the groundwater-level
monitoring program are provided in Appendix A. These hydrographs present the change in
groundwater elevation (vertical axis in feet) over time (horizontal axis in years). On the
hydrographs, groundwater measurements representative of spring groundwater-level data
are depicted in green and fall groundwater-level data are shown in red and all other
measurements are shown in black.

As indicated on Figure 2-8, while many shallow-zone wells exhibit relatively stable longterm groundwater levels that predominantly remain above sea level, a number of shallowzone wells have exhibited declines during the last decade, with the majority of these declines
occurring in the El Verano area. As indicated in Figure 2-9, declining groundwater level
trends are more pervasive in deeper-zone wells, with wells in the El Verano Area and
southeast of the City of Sonoma trending below sea level. Several long-term well
hydrographs shown on Figure 2-9 exhibit groundwater level declines ranging up to 70 feet
over the last 30 years.

Many of the hydrographs have less than 15 years of monitoring record, making it unclear
whether these are long-term trends, short-term accelerated declines, a reflection of the dry

SVGMP 2016 Annual Report

2-12

March 2017

Figure 2-6 Generalized Groundwater Level Contour Map - Shallow Zone – Spring 2016
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Figure 2-7 Generalized Groundwater Level Contour Map - Deep Zone – Spring 2016
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years or some combination. To help address this issue, groundwater level changes were
further evaluated for a larger subset of wells and computed results are included in Appendix
A. These computed groundwater-level changes are provided in Figures 2-10 and 2-11 for the
shallow and deeper-zone wells, respectively, to display the average groundwater level
change per year at selected wells over 2005 to 2015 (displayed as circles) and 2010 to 2015
(displayed as squares).

As shown on Figure 2-10, 32 of the 49 shallow zone wells exhibit declining groundwater level
trends exceeding 0.5 feet per year. Eleven of the 49 wells exhibited declining trends of 0.5
to 1.0 feet per year, 14 of the 49 wells exhibited declining trends of 1.0 to 2.0 feet per year
and 7 of the 49 wells exhibit declining trends of over 2 feet per year. The majority of wells
exhibiting declines exceeding one foot per year are located in the El Verano/Fowler Creek
subarea. Thirteen of the 49 shallow-zone wells exhibited a change of less than 0.5 feet per
year and four exhibited increasing trends.

As indicated in Figure 2-11, declining groundwater level trends are more prevalent in
deeper-zone wells with 53 of the 70 wells exhibiting declining trends exceeding 0.5 feet per
year. Eleven of the 70 wells exhibited declining trends of 0.5 to 1.0 feet per year, 19 of the
70 wells exhibited declining trends of 1.0 to 2.0 feet per year and 23 of the 70 wells exhibit
declining trends of over 2 feet per year. The most pronounced short-term declines are
observed in wells located within the western and eastern highlands and within the El
Verano/Fowler Creek and City subareas. The most pronounced long-term declines are
within the El Verano/Fowler Creek and City subareas and are located within or near areas
where groundwater levels have declined below sea level. Eleven of the 70 deep-zone wells
throughout Sonoma Valley exhibited a change of less than 0.5 feet per year while 6 exhibited
an increasing trend.

Most of the groundwater level declines are considered likely to have resulted from increased
groundwater withdrawals in localized areas (USGS, 2006, and Sonoma Valley Groundwater
Management Program, 2014). Declining levels of precipitation over last few decades has also
contributed to groundwater level declines, but to a smaller degree. In the vicinity of
groundwater level pumping depressions located within the City and El Verano/Fowler Creek
subareas, groundwater demands are primarily a combination of agricultural and rural
domestic pumping (Sonoma Valley Groundwater Management Program, 2014).

The two areas of decline (pumping depressions) have persisted for the last decade or more
and may be expanding. While the magnitude of the declining rate may be influenced in part
by the lower than average rainfall that has occurred in nine of the last ten years (most
notably the last five years), many of the wells with declining groundwater levels exhibit
persistent declines, which do not recover during relatively wetter years (for example see
well N13-02 and K14-01 on Figure 2-9), indicating that groundwater withdrawals are
occurring at a rate exceeding the rate of recharge or replenishment within the deeper zones.
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Figure 2-8 Selected Hydrographs, Shallow Wells
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Figure 2-9 Selected Hydrographs, Deeper Wells
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Figure 2-10 Groundwater Level Trends, Shallow Wells
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Figure 2-11 Groundwater Level Trends, Deeper Wells
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2.3.4. Summary of Groundwater Conditions
Declining groundwater levels (primarily observed in the deeper aquifers in the El Verano
and area of southeast of the City of Sonoma) indicate groundwater withdrawals in excess of
recharge in the southern portion of the Sonoma Valley. The net loss of groundwater is due
primarily to increasing groundwater demands over the past few decades, compounded by
lower levels of precipitation over the last fifteen years. These declining groundwater levels,
which have fallen below sea level in areas, could exacerbate the intrusion of poor quality
water into the deeper aquifers in these areas. Based on preliminary findings from water
quality sampling conducted by the USGS in 2015 and 2016, movement of poor quality water
in the deeper zones appears to be coming from geothermal fluids along faults, connate water
or a mixture of the two, while rackish water from San Pablo Bay may influence shallow
groundwater in the southern part of the basin. Reversing the declining trends and
recovering groundwater levels in the deeper aquifers is necessary to protect and preserve
groundwater uses in these areas and will require a number of management actions over the
coming years.
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3.0

Management Actions and Progress on Plan Components

This section describes the significant activities and accomplishments of 2016, the ninth year
of Plan implementation. The section also describes activities planned for 2017. Some of the
more significant progress to report includes the following:
• Completed upgrade of the existing Sonoma Valley groundwater flow model update,
developed future baseline scenarios and combined screened alternatives into response
actions and management options to address depletion for future simulation runs. Table
3-1 identifies the status for each of the steps associated with the alternatives analysis.
• Monitoring of groundwater levels and surface water/groundwater interaction
through the collection of semi-annual groundwater-level measurements from over 150
wells and streamflow/seepage measurements from approximately 60 locations. More
frequent measurements were also collected at a subset of these locations to better track
seasonal and short-term trends.
• New well installations in the Sonoma Valley included construction of one test well for
aquifer storage and recovery pilot testing, one multi-depth nested monitoring well for
assessing the potential for an aquifer storage and recovery pilot, and two shallow
monitoring wells to evaluate potential sites for stormwater capture and surface
infiltration.
• Additional groundwater quality sampling in southern Sonoma Valley by the USGS was
completed to better understand the occurrence and potential threat posed by higher
salinity groundwater near areas of declining groundwater-levels.
• Progress on construction of additional recycled water pipeline to deliver water to
the high school and a city park for turf irrigation. The new pipeline construction,
initiated in 2016, will be completed in early 2017 and have a capacity of about 300AF
per year, and will also have capability for agricultural users along the alignment to
offset existing groundwater use.

These activities and actions and many others associated with or complementary to the GMP
are outlined in Table 3-2, and further described in the following pages and grouped
according to the Plan Component Actions:
• Stakeholder Involvement,
• Monitoring Program,
• Groundwater Resources Protection, and
• Planning Integration.

3.1 Component 1 - Stakeholder Involvement

Stakeholder involvement continued to provide the foundation for the collaborative process
of decision-making and actions during GMP implementation and in 2016 included:
• Basin Advisory Panel - Met quarterly to direct implementation of the groundwater
management program.
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Table 3-1 Steps for Analyzing Alternatives to Address Groundwater Depletion
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Table 3-2 Management Components and Actions – Progress and Plans
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•

•
•

•
•

Technical Advisory Committee - Met six times in 2016 to provide technical advice on
the groundwater management program. The Groundwater Model Subcommittee met
once to receive a briefing and provide input on the model update, future scenarios and
management options.
Other Meetings and Informational Briefings - Conducted local technical
presentations and briefings.
Community-Based Outreach Subcommittee – Continued discussions within the
Community-Based Outreach Subcommittee develop focused outreach to
engage landowners and residents in discussions about groundwater conditions and use
in their area, with the hope of leading to development and implementation of practical,
community-driven strategies to address groundwater depletion in the southern
Sonoma Valley.
Media - GMP staff and stakeholders continued the relationships and work with local
media to provide press releases on key events and milestones for the GMP.
SGMA Specific Activities
Public Outreach – Efforts were completed to provide information and updates to
stakeholders and the public on progress on GSA formation and transitioning from a GMP
to GSP in the basin. Information and updates were provided at existing periodic
stakeholder involvement meetings, a public workshop at Sonoma Charter School on June
30th, and an additional briefing at Sonoma City Council on October 17th, also including
City of Sonoma Council and VOMWD and North Bay Water District Board meeting
briefings.

Key activities Stakeholder Involvement actions planned for 2017 include the following:
• Continue outreach and briefings - Quarterly Panel meetings, bi-monthly TAC meetings,
and focused outreach for will continue to be conducted as necessary and appropriate as
needs arise. The Community-Based Outreach Subcommittee and funding work group
may also continue to meet, as needed. A key element of outreach and briefings will be the
transition from the existing GMP to the new GSA as the lead groundwater management
entity in the basin.
• Communications – Communications will be heightened by preparing and disseminating
this annual report, sending out meeting announcements and supporting materials in
advance to stakeholders, providing periodic informational newsletters and progress
reports, developing and distributing fact sheets on the volunteer groundwater
monitoring program, maintaining email distribution lists of Sonoma Valley stakeholders,
including the Panel and TAC, and maintaining the project website.
• Media - GMP staff and stakeholders will continue the relationships and work with local
media to provide press releases on key events and milestones for the GMP.
SGMA Specific Activities
• Public Outreach – Efforts will continue to provide information and updates to
stakeholders and the public on progress on GSA formation and transitioning from a GMP
to GSP in the basin. Information and updates will be provided at existing periodic
stakeholder involvement meetings and additional public meetings in the basin.
• SVGMP Transition to New Sonoma Valley GSA- The SVGMP will be transitioning to the
new SV GSA being formed in mid 2017. The transition process will be discussed with the
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existing Panel and TAC as more information regarding the governance structure and
advisory body process comes available in early 2017.

3.2 Component 2 - Monitoring Program

The basin monitoring program continued in 2016 with some enhancements as discussed
below.
• Continued to perform semi-annual groundwater level monitoring and expand the
groundwater monitoring network as appropriate
Coordinated groundwater-level monitoring events were conducted through the
performance of spring and fall water level measurements at over 150 wells in 2016.
• New well installations in the Sonoma Valley in 2016 included construction of one
test well, one multi-depth monitoring well, and two shallow monitoring wells
under an AB303 grant awarded to the Water Agency in 2014.
The 8-inch diameter test well located just north of the Veterans Hall adjacent to the
Sonoma Cemetery, was completed to a depth of 230 ft bgs, will be used as a pilot storage
and recovery well for aquifer storage and recovery well testing for the City of Sonoma.
The multi-depth nested monitoring well located at the VOMWD Corporate Year on Bay
Street, was completed to a depth of 665 ft bgs, and will be used to monitor water levels
and water quality at several depth intervals in the conjunction with aquifer storage and
recovery well pilot testing for the VOMWD (see Figure 2-1). Two 2-inch diameter shallow
monitoring wells were installed in Sonoma Valley to improve hydrogeologic
understanding for potential stormwater capture and recharge by surficial infiltration.
One shallow monitoring well was constructed with a screen from 60-80 ft bgs adjacent
to Fowler Creek along Fowler Creek Road. The other shallow monitoring well was
constructed with a screen from 30-50 ft bgs adjacent to Carriger Creek along Adobe
Canyon Road.
• Continued California Groundwater Elevation Monitoring Program data reporting
to DWR
The Water Agency continued to submit groundwater elevation monitoring data to DWR
to meet the CASGEM monitoring requirements, mandated under SBX7-6. The CASGEM
monitoring network data submittal is a subset of 33 wells from the Sonoma Valley
monitoring program groundwater level data.
• Continued stream gaging of Sonoma Creek
The two stream gages on Sonoma Creek continued to be monitored by the USGS under
contract to the Water Agency to collect stream flow data in Sonoma Valley in 2016.
Stream gage data is extremely useful in measuring flow, flood prediction, water
management, and facilitating the estimation of groundwater recharge and discharge in
the area.
• Surface Water – Groundwater interaction surveys for Sonoma Creek
Sonoma Ecology Center is under contract with the Water Agency and conducted seepage
runs on Sonoma Creek and major tributaries in the Sonoma Valley again in 2016. The
information obtained from this program is be used to refine gains and losses along
reaches of Sonoma Creek, spatially and temporally, for calibration in the MODFLOW
model. Combined, information form the seepage runs and model improvement will
enhance the understanding of recharge mechanisms in the valley.
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•

GIS Database System – A GIS Database system has continued to be updated as new data
are obtained on the program. Additionally, a state grant was awarded to the County of
Sonoma to develop a new GIS Database System compliant with SGMA in 2016.

Plans for the basin monitoring program in 2017 include:
• Continue to expand the groundwater monitoring network and perform
groundwater level monitoring
Coordinated groundwater-level monitoring events will be continued through the
performance of spring and fall water level measurements through 2017, and this will
incorporate the two newly installed wells, and any additional voluntary monitoring wells
added in 2016-17. Priority for adding additional wells into the groundwater-level
program should focus on deep-zone wells in the following areas: (1) between Kenwood
and Glen Ellen; (2) southeast of El Verano; (3) southeast of the City of Sonoma; and (4)
southern Sonoma Valley (vicinity of Highway 121 and Bonneau Road). The addition of
wells to the monitoring program in other areas of Sonoma Valley with sparse monitoring
coverage (e.g., within the northwestern and northeastern upland areas) should also
continue to be pursued and incorporated into the program.
• Continue California Groundwater Elevation Monitoring Program data reporting to
DWR
The Water Agency will continue to submit groundwater elevation monitoring data to
DWR to meet the CASGEM monitoring requirements, mandated under SBX7-6. The
CASGEM monitoring network data submittal is a subset of the Sonoma Valley monitoring
program groundwater level data.
• Continue stream gaging of Sonoma Creek
The two stream gages on Sonoma Creek will continue to be used to collect stream flow
data in Sonoma Valley in 2017. Stream gage data is extremely useful in measuring flow,
flood prediction, water management, and facilitating the estimation of groundwater
recharge and discharge in the area.
• Surface Water – Groundwater Interaction Study for Sonoma Creek - Conduct
Seepage Runs
The program for routine performance of seepage runs conducted by the Sonoma Ecology
Center will be refined based on results obtained to date and is expected to continue
through the first half of 2017. The information obtained from this program is used to
refine gains and losses along reaches of Sonoma Creek, spatially and temporally, in the
MODFLOW model, providing an improved understanding of recharge mechanisms in the
valley.
• Develop new web-based data management system – The County of Sonoma obtained
a grant to develop a new web-based data management system to be used to help
implement SGMA. The new data management system, which will be contracted out in
early 2017 and completed in 2018, is planned to compile the many disparate datasets
and databases currently in use and allow cooperating agencies to share data online. A
public web portal is also planned as part of the project to provide groundwater and
hydrologic data to the public.
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3.3 Component 3 – Groundwater Resources Protection
Groundwater Resources Protection actions in 2016 included:
• Conduct targeted salinity monitoring in southern Sonoma Valley
USGS completed the voluntary salinity monitoring of private wells that was initiated in
the southern Sonoma Valley in 2015, and initiated preparation of the report in 2016. The
monitoring conducted was intended to be very similar in scope to that conducted as part
of the USGS study (USGS Scientific Investigations Report 2006-5092, 2006), which was
focused on collecting field and laboratory sampling and analysis for electrical
conductivity and total dissolved solids. The 2015-2016 sampling also included stable
isotope and some general mineral analysis.
• Urban Conservation Best Management Practices – Continued implementing,
maintaining, updating and reporting California Urban Water Conservation Council
(CUWCC) best management practices (BMPs) as appropriate for urban areas.
Additionally, urban users within the Plan Area continued to achieve the State’s
mandatory water reduction of 25%, which was relaxed in 2016. Continued
implementation of the Water Conservation Act of 2009, and the 2015/16 Governor’s
Emergency Conservation Regulations.

Groundwater Resources Protection actions planned for 2017 include:
• Report Results of Targeted Salinity Monitoring in Southern Sonoma Valley
The USGS plans to compete and deliver the report on voluntary salinity monitoring of
private wells initiated in the southern Sonoma Valley in 2015.
• Urban Conservation Best Management Practices – Continue implementing State
Water Conservation Goals.

3.4 Component 4 - Groundwater Sustainability

In 2016, Integrated Groundwater Sustainability actions included:
• Completed Upgrade of Existing Sonoma Valley Groundwater Flow Model
The Water Agency completed enhancements and improvements to the groundwater flow
model, addressing limitations in recharge, discharge, and the conceptual hydrogeologic
model. The focus of this effort included: (1) incorporate a basin characterization model
to enhance recharge estimates and incorporate climate change into model scenarios; (2)
incorporate refined lithologic data to improve the layering of the model; (3) develop
refined estimates of water demands by obtaining publically-available records and
developing an irrigation-demand model using the Farm Management Package; (4)
synthesize calibration datasets including groundwater-level and streamflow data; and
(5) perform model calibration using both automated and manual parameter estimation
techniques.
• Developed and Implemented Future Baseline Scenarios – 2014 to 2065
The Water Agency developed and implemented future baseline scenarios for the period
2014-2065 with the model in 12 separate simulation runs using four alternate future
climate projections, low, medium and high demand scenarios considering variable
demand assumptions, with several constant demand assumptions (see Table 3-3). Future
climate projections included hot & wet (CNRM85), warm & dry (GFDLB1), hot & dry
(MIROCESM85), and warm & wet (PCMB1). The variable baseline assumptions include a
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Table 3-3 Future Baseline Scenarios from 2014 to 2065
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range of low, medium, and high agricultural, municipal and rural residential demands for
the 12 simulation runs. Baseline demand assumptions are constant for small public water
systems, recycled water deliveries, and surface-water diversions for all 12 simulation
runs.
•

•

Combined Screened Alternatives into Response Actions and Management Options
to Address Groundwater Depletion – The alternatives screening to look at ways to
address groundwater declines in the two areas of depletion in the southern Sonoma
Valley was completed in 2016, included: (1) El Verano area on the west and (2) southeast
of the City of Sonoma on the east. The alternatives include increased recycled water use
to offset agricultural demand, increased domestic and agricultural conservation,
stormwater capture and infiltration recharge, aquifer storage and recovery, and in lieu
surface water substitution for groundwater pumping. These alternatives were combined
into preliminary response actions and management options that may be used in the
future to estimate how much can be accomplished to address depletion.
Recycled Water
Activities conducted in 2016 related to the SVRWP include the current project that is
being constructed (the McGill pipeline), going up 5th Street East and to deliver water to
the high school and the city park for turf irrigation. The new pipeline will have a capacity
of about 300AF per year and will also have capacities for agricultural users along the
alignment.

Groundwater Sustainability actions planned for 2017 include:
• Consider Future Baseline Scenarios and Management Option Simulations with the
Sonoma Valley Groundwater Flow Model
Results of the 12 simulation runs of future climate projections incorporating variable and
constant demand assumptions will be presented to the TAC and Panel in early 2017. The
Panel will consider and may recommend to the new GSA that additional simulations be
run with the model, including the range of response actions and management options
developed in 2016.
• Groundwater Banking Pilot Study
A groundwater banking feasibility study including the Santa Rosa Plain and Sonoma
Valley basins was completed in 2012. Conceptually, the groundwater banking program
would involve the diversion and transmission of surplus Russian River water produced
at the Agency’s existing production facilities for storage in the Santa Rosa Plain
Groundwater Basin and/or Sonoma Valley Groundwater Basin during wet weather
conditions (i.e., the winter and spring seasons) for subsequent recovery and use during
dry weather conditions (i.e., the summer and fall seasons) or emergency situations.
With the completion of the new test and monitoring wells in 2016 (Section 3.2), an
Aquifer Storage and Recovery Pilot Test using Russian River drinking water is planned
in 2017 using the City of Sonoma’s new Test Well (Section 3.2). Informational updates
will be presented to the TAC and Panel during 2017.
• Recycled Water
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Expanded use of recycled water up to an additional 300 afy is currently planned for
construction in phases as funding and recycled water users are identified. Construction
is in progress on one mile of purple pipe to deliver 300 afy of recycled water for irrigation
to urban and agricultural users beginning early 2017. Additional future activities include
a developing a recycled water policy, a trucking program, and a distribution study.

3.5 Component 5 - Planning Integration

Planning integration efforts and discussions were continued in 2016 and will continue
through 2017 through the GMP Panel, TAC, outreach meetings and focused briefings to
facilitate integrated planning and coordination at the basin and regional scale. This will
include SGMA specific discussions regarding implementation of the new groundwater law
and transitioning from the existing Plan and planning processes to a new GSA and
development of a new GSP.

Urban Water Management Plans (UWMPs) are prepared by California's urban water
suppliers to support their long-term resource planning, and ensure adequate water supplies
are available to meet existing and future water demands. Every urban water supplier that
either provides over 3,000 acre-feet of water annually, or serves more than 3,000 urban
connections is required to assess the reliability of its water sources over a 20-year planning
horizon, and report its progress on 20% reduction in per-capita urban water consumption
by the year 2020, as required in the Water Conservation Bill of 2009 SBX7-7. The plans must
be prepared every 5 years and submitted to the Department of Water Resources (DWR), and
2015 UWMP updates were required to be submitted to DWR by July 31, 2016 per state
mandate. The following Sonoma Valley agencies completed and submitted 2015 UWMP
updates to DWR:
• City of Sonoma
• Sonoma County Water Agency
• Valley of the Moon Water District

3.6 Annual Summary Report

Once the GSA is formed for Sonoma Valley, it will determine the content and frequency for
any continued annual reporting until a GSP is prepared and adopted. Once a GSP is prepared
and adopted, annual reporting will be required to be conducted in compliance with DWR’s
GSP regulation requirements.

3.7 2017 Funding

Currently funded programs include ongoing stakeholder involvement, groundwater
elevation monitoring program, stream gage monitoring, and water conservation programs,
which are currently funded collectively through financial contributions or in-kind services
by the Water Agency, City, VOMWD, and the County and volunteer services from several BAP
and TAC members, and additional ASR project funding by the City. The groundwater
monitoring program water level data collection is largely completed by local volunteers.
Funding for the two new wells installed in 2016 were through an AB303 grant program
award in 2014, with additional funding for deeper drilling of the monitoring well provided
by Valley of the Moon Water District.
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For some proposed actions for 2017 and beyond, funding mechanisms will need to be
identified and pursued. Some of the potential funding mechanisms include state grants and
loan programs, such as Clean Water State Revolving Fund, Infrastructure State Revolving
Fund, IRWMP, Water Recycling Funding Program, Storm Water Grant Program, Water Use
Efficiency Grants Program and federal programs including Water SMART. Considering the
current economic situation and passage of Proposition 1 in 2015 with $100 million in grant
funding for implementation of the Sustainable Groundwater Management Act, grant monies
should be available to help fund some GMP efforts and transitioning to a new GSA and GSP
development in the coming years.
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Appendix A
Well Hydrographs
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Agua Caliente Subarea
Shallow Wells (<200 feet deep)

Calabazas Subarea
Deeper Wells (>200 feet deep)

Calabazas Subarea
Shallow Wells (<200 feet deep)

Calabazas Subarea
Unknown Depth

City Subarea
Deeper Wells (>200 feet deep)

City Subarea
Shallow Wells (<200 feet deep)

City Subarea
Unknown Depth

Eastern Upland Subarea
Deeper Wells (>200 feet deep)

Eastern Upland Subarea
Shallow Wells (<200 feet deep)

Eastern Upland Subarea
Unknown Depth

El Verano/Fowler Creek Subarea
Deeper Wells (>200 feet deep)

El Verano/Fowler Creek Subarea
Shallow Wells (<200 feet deep)

Glen Ellen Subarea
Deeper Wells (>200 feet deep)

Glen Ellen Subarea
Shallow Wells (<200 feet deep)

Glen Ellen Subarea
Unknown Depth

Huichica Subarea
Deeper Wells (>200 feet deep)

Huichica Subarea
Shallow Wells (<200 feet deep)

Kenwood Subarea
Deeper Wells (>200 feet deep)

Kenwood Subarea
Shallow Wells (<200 feet deep)

Kenwood Subarea
Unknown Depth

Rogers Creek Subarea
Deeper Wells (>200 feet deep)

Rogers Creek Subarea
Shallow Wells (<200 feet deep)

Western Upland Subarea
Deeper Wells (>200 feet deep)

Western Upland Subarea
Shallow Wells (<200 feet deep)

Western Upland Subarea
Unknown Depth

Appendix B
Data From Pressure Transducers
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City Subarea
Deeper Wells (>200 feet deep)

City Subarea
Shallow Wells (<200 feet deep)

City Subarea
Unknown Depth

Eastern Upland Subarea
Unknown Depth

El Verano/Fowler Creek Subarea
Deeper Wells (>200 feet deep)

El Verano/Fowler Creek Subarea
Shallow Wells (<200 feet deep)

El Verano/Fowler Creek Subarea
Unknown Depth

