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1.

Introduction

Sustainable Groundwater Management Act (SGMA) Section 10727.4 requires Groundwater
Sustainability Plans (GSPs) identify impacts on Groundwater Dependent Ecosystems
(GDEs) but does not explicitly state the requirements that warrant a GDE to be eligible for
protection under SGMA. SGMA defines a GDE as “ecological communities or species that
depend on groundwater emerging from aquifers or on groundwater occurring near the
ground surface”. GDEs will be identified and characterized in the GSP Chapter 5:
Groundwater Conditions and used to identify impacts corresponding to depletion of surface
water and lowering of groundwater levels, along with related monitoring, minimum
thresholds, measurable objectives, projects, and adaptive management actions in Chapter
8: Sustainable Management Criteria and Chapter 9: Projects and Management Actions
chapters.
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The Nature Conservancy (TNC) defines GDEs in California under SGMA as: 1) wetlands, 2)
rivers, streams, and estuaries, 3) springs and seeps, and 4) phreatophyte (groundwater
dependent) terrestrial vegetation. The Natural Communities Commonly Associated with
Groundwater (NCCAG) dataset is a statewide spatial database of likely GDEs developed by
a working group of the California Department of Water Resources (DWR), California
Department of Fish and Wildlife (CDFW), and TNC, and is available online (DWR 2018).
The compiled layers presented in the NCCAG include polygons (areas) composed of
vegetation species and communities known to rely on groundwater and/or known to be
typically associated with wetlands (referred to as GDE indicators). DWR has stated that use
of the NCCAG dataset is not mandatory but can provide a starting point to identify GDEs
within a groundwater basin.
GEI environmental staff have identified methods to evaluate GDE indicators associated with
NCCAG polygons in the Atascadero Basin within the context of current environmental
conditions and hydrogeological information collected and developed for preparation of the
GSP. Figure 1-1 conceptualizes the NCCAG dataset evaluation to identify GDEs. This
evaluation would allow for further characterization of the NCCAG polygon’s land use, land
cover, vegetation, and connectivity to groundwater (directly, by vegetation, or
interconnection to streams). The evaluation will confirm some NCCAG polygons as GDEs
and in a limited number of circumstances may eliminate polygons from consideration as
GDEs. The remaining NCCAG polygons would continue to be designated as potential
GDEs. The characterization of conditions in confirmed and potential GDEs will aid in the
understanding of where they are located and how GDEs are connected to groundwater in
the Atascadero Basin to help identify impacts and management actions in the GSP.
Importantly, impacts to GDEs identified from this evaluation are less likely to be
overstated/understated, compared to use of the NCCAG dataset and TNC identified wetland
and vegetation indicators alone. The remainder of this report discusses the NCCAG dataset
in the Atascadero Basin and introduces the GDE evaluation approach proposed by GEI’s
environmental staff.
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Figure 1-1. DWR Conceptual NCCAG Dataset Evaluation

GEI Consultants, Inc.

Source: DWR 2018
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2.

Methodology

2.1

NCCAG Dataset Evaluation

An overview of the NCCAG dataset evaluation process is shown in Figure 2-1 and critical
aspects are discussed below.
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Figure 2-1. Overview of the NCCAG Dataset Evaluation for the Atascadero Basin

Source: GEI Consultants 2019.

Step 1. NCCAG Dataset Review
A Geographic Information System (GIS) was used to review the NCCAG dataset and
identify attributes and measurements of vegetation and wetland indicator polygons
(polygons). Polygons in the NCCAG dataset were compared to the most recent aerial
photography available to identify changes in land use since the GDE indicators were

GEI Consultants, Inc.

3

identified. Changes in land use indicate that a GDE does not exists or further field
investigation may be needed to confirm the presence or absence of GDE indicators.
Step 2. Apply Hydrogologic Information
Information on hydrogeologic conditions in the Atascadero Basin developed for the GSP and
applicable to evaluation of the NCCAG dataset is described in Section 3 “Hydrogeologic
Setting”, including geologic units, principal aquifers, and known confining layers and
perched aquifers. No new information on hydrogeologic conditions was prepared. Each
polygon was compared to well data available for preparation of the GSP. The closest
representative well for each polygon was identified where possible. The following factors
were considered identifying representative wells:
well screening interval (depth at which water is drawn into the well) within the same
geologic formation as the polygon



well screening interval within the same aquifer where the polygon is located



well screening interval accurately represents groundwater conditions of the polygon–
for example, if the polygon is at 100 feet msl (mean sea level) elevation, but the
ground surface of the well is at 50 feet msl elevation and has a screened interval
elevation of 30 to 10 feet msl, then the well does not represent shallow groundwater
conditions at the polygon



well within the groundwater flow direction and Basin drainage pattern of the polygon
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Where representative wells were identified, groundwater elevation data was analyzed to
determine the historical range of water levels and the minimum and maximum levels were
identified to represent the possible range that groundwater would fluctuate throughout the
seasonal temperature and precipitation changes of the spring and fall. However, a
significant number of representative wells did not have adequate water level data for
comparison to polygons. Alternate wells were used in places where the best representative
well didn’t have any water level data.
Step 3. Stream Interconnection Assessment

The NCCAG evaluation relies on the stream interconnection assessment for the Salinas
River prepared for development of the GSP. No new assessment of stream interconnection
was prepared. No stream interconnection assessment is available for upstream tributaries of
the Salinas River in the southern portion of the Basin. The Salinas River was organized into
reaches based on the results of the stream interconnection assessment (i.e., the stream
status–gaining, losing, disconnected, or undefined) for each principal aquifer. The stream
interconnection assessment is further discussed in Section 3, “Hydrogeologic Setting”. Each
reach was assigned a unique identifier. Polygons within 4,000 feet of each reach (a total
8,000-foot area along each reach) were identified. The interconnected stream status was
then used to evaluate potential groundwater dependency of GDE indicators identified for the
reach.
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Step 4. Vegetation Evaluation
Using TNC’s rooting depth database and review of other information sources, the maximum
rooting depth was identified for vegetation GDE indicators in the NCCAG dataset and
vegetation expected to be associated with wetland GDE indicators. Maximum rooting depths
were then compared to highest spring and fall groundwater levels identified in Step 2 of the
NCCAG evaluation.
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To support evaluation of potential GDEs, TNC recently developed a web application called
“GDE Pulse” that summarizes historic multispectral satellite data and temporal trends in
GDE indicators of vegetation health, including the Normalized Derived Vegetation Index
(NDVI), which estimates vegetation greenness, and the Normalized Derived Moisture Index
(NDMI), which approximates vegetation moisture (Klausmeyer et al. 2019). The pulse tool
only evaluates NDVI and NDMI for those polygons within the NCCAG dataset that have
vegetation GDE indicators mapped; wetland GDE indicators are not evaluated by the GDE
Pulse tool. Additionally, the tool includes some limited local well data and precipitation data
trends for comparison with NDVI/NDMI trends for specific NCCAG vegetation polygons
(Klausmeyer et al. 2019). NCCAG polygons with vegetation GDE indicators were reviewed
on the GDE Pulse tool to determine if any trends in dry season NVDI and/or NDMI increases
or decreases appeared to correlate with measured groundwater levels.
GDE Classification

Based on the NCCAG evaluation, polygons are classified as one of the following:


Not a GDE: The evaluation confirms land use of the GDE indicator has changed; or
data supports that GDEs indicator is not connected to principal aquifers, including
through stream interconnection and vegetation.



Potentially Not a GDE: The evaluation indicates land use of the polygon may have
changed; and/or data show GDE indicator may not be connected to principal
aquifers, including through stream interconnection and/or vegetation.



Potential GDE: The evaluation confirms land use has not changed; and data shows
GDE indicator may be connected to principal aquifers, or insufficient data is available
to show GDE indicator may or may not be connected to principal aquifers, including
through stream interconnection and vegetation.



Confirmed GDE: The evaluation confirms land use has not changed and GDE
indicator is connected to principal aquifers, including through stream interconnection
and/or vegetation.

The polygons are classified in the following order: 1) based on land use from review of aerial
photography, 2) based on location over principal aquifers, 3) based on interconnection reach
status, and 4) based on the vegetation evaluation.

GEI Consultants, Inc.
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2.2

Data Gaps and Limitations

The land use evaluation is based on review of available aerial photography and where the
presence of GDE indicators remains uncertain, presence could be determined with a site
visit by a biologist qualified to identify wetlands and vegetation species or potentially with
collection of drone imagery for certain sites.
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As discussed above in Step 2 “Apply Hydrogeologic Information”, several factors were used
to identify representative wells and groundwater levels for each polygon. In many instances,
either representative wells or groundwater level data in representative wells was not
available, and no groundwater data is available for the NCCAG evaluation of these
polygons. Furthermore, representative wells are located 1,000 to 5,000+ feet from many
polygons and this data is considered with some level of uncertainty due to the distance. The
stream interconnection assessment from the GSP is also limited by use of available well
data and in many instances the stream interconnection status of is undefined. Collection of
additional well/groundwater level data for polygons without this information would expand
applicability of the NCCAG evaluation in the Atascadero Basin in the future.
The scope of this evaluation was limited to evaluating the existing NCCAG dataset for the
Atascadero Basin. Except for identifying anticipated maximum rooting depths of vegetation
expected to be associated with wetland GDE indicators, this evaluation did not and was not
intended to collect additional information on environmental conditions. Therefore, this
analysis does not attempt to identify additional vegetation and wetland GDE indicators
outside the boundaries of polygons in the NCCAG dataset; and does not provide information
or assessment of potentially occurring biological species or the biological value of habitat.
The NCCAG evaluation provides a first step in using the NCCAG dataset. It’s anticipated
this information can be used to help identify potential impacts to GDEs in the Atascadero
Basin in compliance with SGMA. Collecting additional information on biological species,
habitat, and values would further help to define the extent to which undesirable impacts may
occur and help prioritize future management actions in the GSP.

GEI Consultants, Inc.
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3.

Hydrogeologic Setting

This section provides an overview of hydrologic information relevant to the evaluation of the
wetland and vegetation GDE indicators.

3.1

Principal Aquifers and Aquitards

Water-bearing sand and gravel beds that may be laterally and vertically discontinuous are
generally grouped together into zones that are referred to as aquifers. The aquifers can be
vertically separated by fine-grained zones that can impede movement of groundwater
between aquifers. Two aquifers exist in the Basin:
Alluvial Aquifer – A relatively continuous aquifer comprising alluvial sediments that
underlie the Salinas River and tributary streams;



Paso Robles Formation Aquifer – An interbedded aquifer comprised of sand and
gravel lenses in the Paso Robles Formation.
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There are no formally defined or laterally continuous aquitards within the Atascadero Basin.
However, the upper portions of the Paso Robles Formation often contain thin, discontinuous
clay layers interbedded with sand and “shale gravels” that can act as a leaky confining layer.
These upper clay layers are generally pervasive throughout the Basin. In the Templeton
area from Graves Creek to approximately Highway 46, the contact between the Alluvial
Aquifer and the Paso Robles Formation Aquifer is characterized by a thick (60 feet) clay-rich
aquitard that forms a hydraulic barrier to vertical groundwater flow, effectively separating the
Alluvial Aquifer from the Paso Robles Formation Aquifer (Torres 1979). Two areas where
the Paso Robles Formation Aquifer is known to be in direct communication with the
overlying Alluvial Aquifer, that is, where there is little to no clay-rich confining layer, include:
1. The Atascadero area, along the Salinas River corridor from approximately the
Highway 41 crossing downstream to the confluence with Paso Robles Creek (“Jack
Creek”), and
2. The area north of Templeton, along the Salinas River corridor from approximately the
junction of Highway 46 and US Highway 1 north to the Rinconada Fault.
Aquifer Characteristics

Alluvial Aquifer
Water wells penetrating and extracting groundwater from the Alluvial Aquifer are located
along the Salinas River and its tributaries, including within the Santa Margarita area. The
unit, consisting almost entirely of sand and gravel, is everywhere unconfined with high to
very high transmissivity values. The thickness of the Alluvium ranges widely, with an
estimated maximum thickness of 75 to 90 feet. Specific capacity values for wells in the
Alluvium range from 20 to 60 gallons per minute per foot (gpm/ft) at production rates as high
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as 1,000 gpm. Overall, within the Atascadero Basin, the geometric mean hydraulic
conductivity of the Alluvial Aquifer is estimated at 481 ft/day (Fugro 2002).

Paso Robles Formation Aquifer
In the Atascadero area and the area north of Templeton, the Paso Robles Formation Aquifer
underlies and is in direct hydraulic contact with the Alluvial Aquifer along the Salinas River
channel. Wells in the Paso Robles Formation Aquifer in hydraulic communication with the
overlying Alluvium tend to have higher transmissivity values than wells that penetrate the
portions of the Paso Robles Formation not in contact with the Alluvium. Constant discharge
aquifer pumping tests for wells in Atascadero on the west side of the Salinas River showed
production rates up to 1,000 gpm, with an average specific capacity of 15 gpm/ft (Table 1).
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Elsewhere in the Basin the upper 300 feet or so of the Paso Robles Formation is
characterized by thin (5 feet to 15 feet thick) interbedded brown or yellow clays with sand
and "shale gravel," as described above. The beds tend to be thicker below 300 feet, with an
increasing proportion of sand and gravel. The results of several controlled aquifer pumping
tests were reviewed for wells in the Paso Robles Formation Aquifer, including wells in both
the Templeton and Atascadero areas. None of these wells were in direct hydraulic
communication with the Alluvial Aquifer. The specific capacity in these wells ranged from 0.9
to 5.7 gpm/ft at pumping rates of 110 to 810 gpm. Overall, within the Atascadero Basin, the
geometric mean hydraulic conductivity of the Paso Robles Formation Aquifer is estimated at
8.6 ft/day and the storativity ranges from 0.04 to 0.0001 (Fugro 2002).
Groundwater Recharge Areas

In general, natural aerial recharge occurs via the following processes:
1. Distributed areal infiltration of precipitation,

2. Subsurface inflow from adjacent “non-water-bearing bedrock”, and
3. Infiltration of surface water from streams and creeks.

3.2

Surface Water Bodies

The Salinas River is ephemeral and flows from south to north. During most of the year the
river loses water to the shallow aquifer. The Basin includes many tributaries to the Salinas
River, including Atascadero Creek, Santa Margarita Creek, Trout Creek, Paloma Creek, and
Yerba Buena Creek. There are no natural lakes or reservoirs in the Basin.
South of the Basin boundary, the Salinas Dam on the Salinas River forms Santa Margarita
Lake. The Salinas Dam was constructed in the early 1940s as an emergency measure to
provide adequate water supplies for Camp San Luis Obispo. The United States Army Corps
of Engineers (USACE) now has jurisdiction over the dam and reservoir facilities. The City of
San Luis Obispo has an agreement with USACE to divert the entire yield of Santa Margarita
Reservoir for water supply.

GEI Consultants, Inc.
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In accordance with an Order of the State Water Resources Control Board, dated June 1,
1972, and amended October 5, 1972, and June 20, 1974, water may be added to storage in
Salinas Reservoir only "during such time as there exists a visible surface flow in the Salinas
River between the Salinas Reservoir and the confluence of the Nacimiento River." At all
other times, the total inflow into the reservoir shall be released downstream. Visible flow is
monitored at seven locations along the Salinas River to the confluence of the Nacimiento
River. When flow is visible concurrently at all seven locations the river is considered a “Live
Stream”. During the 30-year period from 1990 through 2019, the Salinas River was a Live
Stream at some point each year except for six years (1990, 2002, 2007, 2008, 2014, and
2015). Live Stream events have ranged from four days in 2016 to over seven months in
1998. Live Stream periods have started between November to March and ended between
March and July (County of San Luis Obispo 2019).
Stream Interconnection
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The spatial extent of interconnected surface water in the Atascadero Basin was evaluated
using water level data from Alluvial Aquifer and Paso Robles Formation Aquifer wells
adjacent to the Salinas River1. In accordance with the SGMA emergency regulations §351
(o), “interconnected surface water refers to surface water that is hydraulically connected at
any point by a continuous saturated zone to the underlying aquifer and the overlying surface
water is not completely depleted.” The interconnected surface water analysis consisted of
comparing average springtime groundwater level elevations2 in wells adjacent to the Salinas
River with the elevation of the adjacent Salinas River thalweg (i.e., the bottom/lowest
elevation of the river channel). In cases where average springtime groundwater levels were
greater than the elevation of the adjacent Salinas River thalweg, the stream reach was
considered as potentially ‘gaining’. In cases where average springtime water levels were
below the adjacent thalweg elevation, the stream reach was considered ‘losing’ and
potentially ‘disconnected’.
Paso Robles Formation Aquifer water levels were further evaluated based on their
occurrence within confined or semi-confined zones of the aquifer, or within areas known to
be in direct communication with the overlying Alluvial Aquifer. Proximity to wastewater
percolation and Nacimiento Water Project infiltration basins was also considered in the
analysis.
It is important to recognize that the results of these analyses reflect conditions that occur
occasionally, in response to precipitation events. They are not representative of long-term
average conditions. Figure 3-1 is a schematic illustrating types of interconnected and
disconnected surface waters. In this figure, both diagrams A and B represent interconnected

1

The interconnected surface water analysis was restricted to the Salinas River, which is the only significant surface water body
in the Atascadero Basin.

2

Average springtime water elevations were selected for the analysis because they represent the most commonly observed
annual high water elevation over the period of record and because they generally correspond with periods of flow (or “Live
Stream” events) in the Salinas River. As stated, the Salinas River is ephemeral, and during most of the year, it either runs
dry or loses water to the underlying aquifers.
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surface waters (‘gaining’ and ‘losing’, respectively) and diagram C shows disconnected
‘losing’ surface water.
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Figure 3-1. Conceptual Gaining and Losing Stream Interconnection

Source: U.S. Geological Survey 1999

The analysis outlined above resulted in identification of four reaches of the Salinas River
that occasionally ‘gain’ water from the Alluvial Aquifer and four reaches that occasionally
‘lose’ water to the Alluvial Aquifer, one of which, located in the area just south of the City of
Paso Robles, is likely also ‘disconnected’. These identified reaches account for
approximately 7.5 miles of the Salinas River course within the Atascadero Basin, leaving
approximately 8 miles of river with unknown interconnected surface water status.
The Paso Robles Formation Aquifer water level analysis resulted in identification of one
‘losing’ reach of the Salinas River, located downstream of the HWY-41 bridge where the
Paso Robles Formation is known to be in direct communication with the overlying Alluvial
Aquifer, and one ‘losing’/’disconnected’ reach, located in the area just south of the City of
Paso Robles. Water levels in the Paso Robles Formation Aquifer were also analyzed for two
areas where the aquifer is confined. In one of these areas, in the Templeton area, the
average springtime water levels are higher than the elevation of the adjacent Salinas River
thalweg; however, this relationship is because of the presence of a documented clay
aquitard in this area (Torres, 1979). The Paso Robles Formation Aquifer is fully
disconnected because of the documented confining clay layer. A second area analyzed
within the assumed confined zone of the Paso Robles Formation Aquifer, located near the
Atascadero State Hospital, shows water levels that are well below the elevation of the
adjacent Salinas River thalweg. It is assumed that groundwater in the Paso Robles
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Formation Aquifer is disconnected from the Salinas River in this area. The results of the
interconnected surface water analysis for the Alluvial Aquifer are shown in Figures 3-2
through 3-4. Each reach is generally described below.
Undefined (Reaches 1 – 8). Reaches of the Salinas River which are undefined in
both the Alluvial and the Paso Robles Formation Aquifers.



Alluvial Gaining (Reaches 1 – 4). Potentially gaining reaches of the Salinas River in
the Alluvial Aquifer; undefined reach of the Salinas River in the Paso Robles
Formation Aquifer.



Alluvial Losing (Reaches 1 and 2). Potentially losing reaches of the Salinas River
in the Alluvial Aquifer; undefined reach of the Salinas River in the Paso Robles
Formation Aquifer.



PRF Confined Gaining (Reach 1). Potentially gaining reaches of the Salinas River
in confined areas of the Paso Robles Formation; undefined reach of the Salinas
River in the Alluvial Aquifer.
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PRF Confined Losing (Reach 1). Potentially losing reach of the Salinas River in the
confined areas of the Paso Robles Formation Aquifer; undefined reach of the Salinas
River in the Alluvial Aquifer.



Alluvial and PRF Disconnected (Reach 1). Potentially disconnected reach of the
Salinas River in both the Alluvial and Paso Robles Formation Aquifers.



PRF Disconnected (Reach 1). Potentially disconnected reach of the Salinas River
in unconfined areas of the Paso Robles Formation Aquifer.



Not Classified. Areas greater than 4,000 feet from the Salinas River; includes
polygons along Santa Margarita Creek, Trout Creek, Yerba Buena Creek and other
upstream tributaries of the Salinas River that were not evaluated for stream
interconnection.

GEI Consultants, Inc.
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Figure 3-2. Atascadero Basin Stream Reaches: North Basin
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Figure 3-3. Atascadero Basin Stream Reaches: Central Basin
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Figure 3-4. Atascadero Basin Stream Reaches: South Basin
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4.

Atascadero Basin GDE Indicators

A summary of the NCCAG dataset including a description of data sources is available from
DWR in the Summary of the “Natural Communities Associated with Groundwater” Dataset
(DWR 2018). The Atascadero Basin contains approximately 496 acres of NCCAG polygons
with wetland and/or vegetation GDE indicators. There are 316 individual NCCAG polygons
with vegetation or wetland GDE indicators in the Atascadero Basin. Some of the polygons
have overlapping vegetation and wetland GDE indicators. The NCCAG dataset for the
Atascadero Basin includes the following characteristics:
26 NCCAG polygons with one of the following vegetation GDE indicators: California
sycamore, coast live oak, valley foothill riparian, valley oak, and willow (shrub).



290 NCCAG polygons with wetland GDE indicators, including: 274 seasonally
flooded and 16 semi-permanently flooded wetlands.
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Wetland and vegetation GDE indicators are located all along the Salinas River and
riparian areas throughout the Atascadero Basin and along upstream tributaries in the
southern part of the basin, including Santa Margarita Creek, Trout Creek, and Yerba
Buena Creek, among others.



Approximately 68 acres of areas with only vegetation GDE indicators, approximately
348 acres of areas with only wetland GDE indicators, and approximately 80 acres of
areas with both vegetation and wetland GDE indicators overlapping.

The NCCAG dataset within the Atascadero Basin in shown in Figures 4-1 through 4-3 and
GDE indicators are described in the sections below.

4.1

Vegetation GDE indicators

The NCCAG dataset in the Atascadero Basin includes GDE indicator polygons with the
vegetation types described below. The valley foothill riparian forest polygons in the NCCAG
dataset for this region derive from the California Department of Forestry and Fire Protection
under the Fire and Resource Assessment Program mapping (CDFFP 2015), while other
vegetation GDE indicators in the NCCAG dataset in the Atascadero Basin are derived from
the U.S. Department of Agriculture, Forest Service Calveg mapping (USDA Forest Service
2014).These two datasets are generally mapped at coarse scale.


Valley Foothill Riparian Forest. Valley foothill riparian vegetation is identified for
nine NCCAG polygons throughout the basin along the Salinas River; no other
vegetation indicator types are identified along the Salinas River. Valley foothill
riparian forest in this region is typically dominated by valley oak (Quercus lobata),
Fremont’s cottonwood (Populus fremontii), and California sycamore (Platanus
racemosa). Subdominant trees can include California ash (Fraxinus dipetala),
California bay laurel (Umbellaria californica), and willows (Salix spp.). Typical
understory shrubs can include blue elderberry (Sambucus nigra ssp. caerulea), wild
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grape (Vitis californica), wild rose (Rosa californica), poison oak (Toxicodendron
diversilobum), and mulefat (Baccharis salicifolia). Valley foothill riparian forest may
have plant rooting depths of up to approximately 24.3 feet, if valley oak is present
(TNC 2018, Schenk and Jackson 2002, Lewis and Burgy 1964). Valley foothill
riparian is a general vegetation type description that overlaps with specific
forest/woodland vegetation types listed below, and species composition of those
vegetation types is similar, but varies primarily in terms of dominant tree species.
California Sycamore Woodland. California Sycamore woodland is identified for one
NCCAG polygon southern portion of the Basin along the Santa Margarita Creek.
California sycamore woodlands are an alliance that falls within the category of Valley
Foothill Riparian forest, and generally support a similar suite of plant species, but are
distinguished by being dominated by California sycamore (with California sycamore
comprising 30-50 percent of the tree canopy cover) and tend to have blue elderberry,
willows, valley oak, coast live oak, and mulefat co-occurring. There is no data
available on maximum rooting depth of California sycamore trees, but they are
documented phreatophytes (TNC 2018). Valley oak and coast live oak, which
commonly occur in this vegetation type, have been documented to have rooting
depths of up to 24.3 feet and 35.1 feet, respectively (TNC 2018, Schenk and
Jackson 2002, Canadell et al. 1996, Lewis and Burgy 1964).
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Coast Live Oak Woodland. Coast live oak (Quercus agrifolia) woodland is identified
for 10 NCCAG polygons in the southern portion of the Basin along Santa Margarita
Creek, Trout Creek, and other tributaries. Coast live oak woodland is dominated by
coast live oak (typically greater than 50 to 60 percent canopy cover of this species),
with sycamore, Fremont’s cottonwood, blue oak (Quercus douglasii), valley oak,
arroyo willow (Salix lasiolepis), and California bay laurel sometimes co-occurring.
Coast live oak has been documented as a phreatophyte and to have rooting depths
of up to 35.1 feet (TNC 2018, Schenk and Jackson 2002, Canadell et al. 1996).



Valley Oak Woodland. Valley oak woodland is identified for three NCCAG polygons
in the southern portion of the Basin –two along Santa Margarita Creek and one
adjacent to a stock pond in the southwestern border of the Basin. Valley oak
woodland is dominated by valley oaks (typically comprising greater than 30 to 50
percent canopy cover); other tree species typically co-occurring can include
California sycamore, coast live oak, Fremont’s cottonwood, and arroyo willow. This
vegetation type most typically occurs in valley bottoms that may be intermittently
flooded. Valley oak has been documented to have rooting depths of up to 24.3 feet
(TNC 2018, Schenk and Jackson 2002, Lewis and Burgy 1964).



Willow (Shrub). Willow shrubland is identified for three NCCAG polygons in the
southern portion of the Basin along Trout Creek, adjacent to areas mapped as coast
live oak woodland. Willow shrublands are dominated by willows (most typically
arroyo willow and red willow (Salix laevigata) in this region with mulefat occasionally
subdominant), and to be mapped as willow shrubland should have low canopy cover
by taller trees such as cottonwood or oak. Willows are documented phreatophytes
but very little data is available on maximum rooting depth for willow species, except
that Goodding’s black willow (Salix gooddingii) has been documented to have rooting
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depths of up to 6.9 feet (TNC 2018, Stromberg 2013). Goodding’s black willow
occurs in similar riparian environments throughout California, and though it is not
known to occur within the Atascadero Basin it may have similar rooting depths as
other willow species that do occur in the Basin.

4.2

Wetland GDE indicators

Wetland GDE indicators are derived from wetland habitat mapping conducted by U.S. Fish
and Wildlife Service based on interpretation of aerial photography as part of the National
Wetlands Inventory (USFWS 2005). The NCCAG dataset in the Atascadero Basin contains
the following wetland indicator types that are semi-permanently flooded.
Riverine, Unknown Perennial, Unconsolidated Bottom, Semi-permanently
Flooded. This wetland indicator type includes areas within the river channel that
were interpreted to experience more permanent surface water. It should be noted
that most areas mapped in the National Wetlands Inventory (NWI) as semipermanently or seasonally flooded riverine channel habitats are not included in the
NCCAG for this Basin. No vegetation was assumed for this analysis based on the
NCCAG classification.
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Palustrine, Emergent, Persistent, Semi-permanently Flooded. Palustrine
wetlands include all non-tidal wetlands that are not within a primary river channel.
This particular wetland type was mapped adjacent to river and creek channels where
flooding was interpreted to occur more often, and are dominated by herbaceous
emergent vegetation. Emergent vegetation and wet grasslands in this region likely
support plants with maximum rooting depths of 2 to 5 feet (TNC 2018).

Per the NWI dataset, seasonally flooded wetlands are characterized by having surface
water “present for extended periods especially early in the growing season, but is absent by
the end of the growing season in most years. The water table after flooding ceases is
variable, extending from saturated to the surface to a water table well below the ground
surface” (USFWS 2019). The NCCAG dataset in the Atascadero Basin contains the
following seasonal wetland types.


Palustrine, Emergent, Persistent, Seasonally Flooded. This wetland indicator
type includes all non-tidal seasonally flooded wetlands dominated by herbaceous
vegetation. Within the Atascadero Basin, this wetland type is mapped for multiple
sites that appear (based on review of aerial imagery) to support wet meadows or
wet grasslands, some of which could be irrigated pasture. Emergent vegetation
and wet grasslands in this region likely support plants with maximum rooting
depths of 2 to 5 feet (TNC 2018).



Palustrine, Emergent, Persistent, Seasonally Saturated. This wetland
indicator type refers to non-tidal wetlands supporting emergent herbaceous
vegetation (such as tules, rushes, sedges, or grasses) that are characterized by
having seasonally saturated soils. Typical maximum rooting depths of species
likely to occur in these wetland types may be on the order of 2 to 5 feet (TNC
2018).
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Palustrine, Emergent, Persistent, Scrub-Shrub, Seasonally Flooded. This
wetland indicator type includes all non-tidal seasonally flooded wetlands
supporting a combination of emergent (herbaceous) and scrub-shrub vegetation.
Scrub-shrub vegetation is typically dominated by willow species (Salix spp.),
mulefat, Himalayan blackberry (Rubus armeniacus), California blackberry (Rubus
ursinus), coyotebush (Baccharis pilularis) and/or California rose (Rosa
californica). Palustrine scrub-shrub habitats are defined by the NWI as areas
dominated by woody vegetation that is less than 20 feet tall. Typical maximum
rooting depths for this wetland type are unknown, but based on review of the
TNC phreatophyte rooting depth database, may be on the order of up to 8 to 12
feet (TNC 2018).



Palustrine, Scrub-Shrub, Seasonally Flooded. This wetland indicator type
includes non-tidal scrub-shrub wetland habitats that are seasonally flooded. As
described previously, scrub-shrub habitats are dominated by woody species less
than 20 feet tall, including multiple species of willow, mulefat, blackberry,
coyotebush, and California rose, and vegetation may have rooting depths of up
to 8-12 feet (TNC 2018).
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Palustrine, Scrub-Shrub, Emergent, Persistent, Seasonally Flooded. This
wetland indicator type includes non-tidal scrub-shrub and emergent wetland
habitats that are seasonally flooded. As described previously, scrub-shrub
habitats are dominated by woody species less than 20 feet tall, including multiple
species of willow, mulefat, blackberry, coyotebush, and California rose, and
vegetation may have rooting depths of up to 8-12 feet (TNC 2018).



Palustrine, Unconsolidated Shore, Scrub-Shrub, Seasonally Flooded. This
wetland indicator type includes non-tidal scrub-shrub wetland habitats along
unconsolidated shoreline that are seasonally flooded. As described previously,
scrub-shrub habitats are dominated by woody species less than 20 feet tall,
including multiple species of willow, mulefat, blackberry, coyotebush, and
California rose, and vegetation may have rooting depths of up to 8-12 feet (TNC
2018).



Palustrine, Forested, Seasonally Flooded. This wetland indicator type refers to
riparian forests that are non-tidal and seasonally flooded. The vegetation in this
wetland indicator, if mapped, would likely be classified as valley foothill riparian
forest, including vegetation alliances such as valley oak woodland and California
sycamore woodland. Valley oak has been documented to have rooting depths of
up to 24.3 feet (TNC 2018, Schenk and Jackson 2002, Lewis and Burgy 1964).
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Figure 4-1. Atascadero Basin GDE Indicators: North Basin
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Figure 4-2. Atascadero Basin GDE Indicators: Central Basin
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Figure 4-3. Atascadero Basin GDE Indicators: South Basin
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5.

GDE Characterization and Classification

This section characterizes and classifies GDE indicators based on the NCCAG evaluation.
The results are presented first for the aerial imagery review, followed by GDE indicators over
principal aquifers. Next, the interconnection status of Salinas River reaches is presented
along with groundwater dependency of GDE indicators and the results of the vegetation
evaluation. Lastly, the final GDE classification is presented. Complete data tables for each
GDE indicator with critical data the final GDE classification is presented in Appendix A.

5.1

Principal Aquifers

5.2
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As discussed in Section 2, “Hydrogeological Setting”, principal aquifers in the Atascadero
Basin consists of the Alluvium and Paso Robles Formation Aquifers. The majority of GDE
indicators are located in areas where these geologies/aquifers are mapped. However,
approximately 29.5 acres of GDE indicators in the southern portion of the basin are in areas
with no defined/mapped geology/aquifer. These areas are also within not classified areas/
have no associated Salinas River stream reach (i.e., in areas greater than 4,000 feet from
the Salinas River). Since no data is available on the geology/aquifer, the NCCAG evaluation
assumes these GDE indicators may be located over principal aquifers.

Salinas River Reach Interconnection Status

Figure 5-1 shows a conceptual Salinas River stream reach cross-section. GDE indicators
are located within and adjacent to the Salinas River in alluvium, or in a small number of
instances are located away from the Salinas River directly in the Paso Robles Formation.
Table 5-1 presents each Salinas River reach, the reach interconnection status (gaining,
losing, and disconnected–as discussed above) in the Alluvial and Paso Robles Formation
Aquifers as determined in the stream interconnection assessment, and characteristics
including groundwater dependency of GDE indicators along the reach, based solely on the
interconnection status. Based on the groundwater dependency characterization, GDE
indicators associated with the reach are assigned an interconnection GDE classification
which is used in the vegetation evaluation, discussed below.
Figure 5-1. Salinas River Conceptual Stream Reach Cross Section
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Table 5-1. Groundwater Dependency of GDE Indicators for Salinas River Stream Reaches
Reach Interconnection Status

Salinas River
Reach

Reach
Length (ft)

Undefined 1

1,113

Undefined status

Undefined status

Wetlands–0.55

Since reach status is unknown, GDE indicators may be dependent on groundwater to some extent
Adjacent to losing reaches
All GDE indicators directly over Alluvial Aquifer

No stream interconnection assessment
available for the Alluvial and PRF Aquifers

Potential GDEs

Undefined 2

4,017

Undefined status

Undefined status

Wetlands–0.89

Since reach status is unknown, GDE indicators may be dependent on groundwater to some extent
Adjacent to losing reaches
0.85 acres directly over Alluvial Aquifer; 0.04 acres directly over the PRF Aquifer, over 1,000 feet east of the Salinas
River channel

No stream interconnection assessment
available for the Alluvial and PRF Aquifers

Potential GDEs

Undefined 3

7,714

Undefined status

Undefined status

Wetlands–8.26

Since reach status is unknown, GDE indicators may be dependent on groundwater to some extent
Adjacent to a losing reach to the south and a gaining reach to the north
All GDE indicators directly over Alluvial Aquifer

No stream interconnection assessment
available for the Alluvial and PRF Aquifers

Potential GDEs

Undefined 4

2,603

Undefined status

Undefined status

Wetlands –0.56

Since reach status is unknown, GDE indicators may be dependent on groundwater to some extent
Adjacent to gaining reaches
All GDE indicators directly over Alluvial Aquifer

No stream interconnection assessment
available for the Alluvial and PRF Aquifers

Potential GDEs

Undefined 5

6,446

Undefined status

Undefined status

Wetlands–0.68

Since reach status is unknown, GDE indicators may be dependent on groundwater to some extent
Adjacent to losing reach to the south and gaining reach to the north
All GDE indicators directly over the PRF Aquifer

No stream interconnection assessment
available for the Alluvial and PRF Aquifers

Potential GDEs

Undefined 6

6,882

Undefined status

Undefined status

Vegetation–3.46
Wetlands–11.66
Overlapping vegetation and wetlands–0.32

Since reach status is unknown, GDE indicators may be dependent on groundwater to some extent
Adjacent to gaining reaches
All GDE indicators directly over Alluvial Aquifer

No stream interconnection assessment
available for the Alluvial and PRF Aquifers

Potential GDEs

Undefined 7

4,524

Undefined status

Undefined status

Wetlands–3.87

Since reach status is unknown, GDE indicators may be dependent on groundwater to some extent
Adjacent to gaining reaches to the south and disconnected reaches to the north
All GDE indicators directly over Alluvial Aquifer

No stream interconnection assessment
available for the Alluvial and PRF Aquifers

Potential GDEs

Undefined 8

2,061

Undefined status

Undefined status

Wetlands–1.70

Since reach status is unknown, GDE indicators may be dependent on groundwater to some extent
Adjacent to disconnected reaches to the south and Basin boundary to the north
All GDE indicators directly over Alluvial Aquifer

No stream interconnection assessment
available for the Alluvial and PRF Aquifers

Potential GDEs

Alluvial & PRF
Disconnected 1

2,364

Potentially
disconnected

Potentially
disconnected

Wetlands–1.27

Since reach is potentially disconnected from both aquifers, GDE indicators are likely surface water dependent
All GDE indicators directly over Alluvial Aquifer

Need confirmation that reach is
disconnected

PRF
Disconnected 1

291

Undefined Status

Potentially
disconnected

Wetlands –0.28

Since reach status is unknown in Alluvial Aquifer, GDE indicators may be dependent on groundwater to some extent
Contiguous to Reach Qa-D/QTp-D (1) and located in the same geology and has the same representative groundwater
levels; and therefore, may also be disconnected from Alluvial Aquifer
All GDE indicators directly over Alluvial Aquifer

No stream interconnection assessment
available for the Alluvial Aquifer

Potential GDEs

Alluvial Gaining 1

4,805

Potentially gaining
reach

Undefined status

Wetlands–7.70

Since reach is potentially gaining, GDE indicators are dependent on both surface water and groundwater
All GDE indicators directly over Alluvial Aquifer

No stream interconnection assessment for
the PRF Aquifer

Confirmed GDEs

Alluvial Gaining 2

5,342

Potentially gaining
reach

Undefined status

Wetlands –3.24

Since reach is potentially gaining, GDE indicators are dependent on both surface water and groundwater
All GDE indicators directly over Alluvial Aquifer

No stream interconnection assessment for
the PRF Aquifer

Confirmed GDEs

Alluvial Gaining 3

8,086

Potentially gaining
reach

Undefined status

Vegetation–2.81
Wetlands–12.38
Overlapping vegetation and wetlands–0.97

Since reach is potentially gaining, GDE indicators are dependent on both surface water and groundwater
0.16 acres of wetlands directly over PRF Aquifer; all remaining GDE indicators directly over Alluvial Aquifer

No stream interconnection assessment for
the PRF Aquifer

Confirmed GDEs

Alluvial Gaining 4

8,324

Potentially gaining
reach

Undefined status

Vegetation–16.37
Wetlands–6.52
Overlapping vegetation and wetlands–1.85

Since reach is potentially gaining, GDE indicators are dependent on both surface water and groundwater
0.16 acres of wetlands directly over PRF Aquifer, approximately 1,400 feet east of the Salinas River; all remaining GDE
indicators directly over Alluvial Aquifer

No stream interconnection assessment for
the PRF Aquifer

Confirmed GDEs

Alluvial Losing 1

2,117

Potentially losing
reach

Undefined status

Wetlands–15.58

Since the reach is potentially losing, GDE indicators either are not dependent on groundwater or dependent on
groundwater to some extent due to the interconnection between surface and groundwater
All GDE indicators directly over Alluvial Aquifer

No stream interconnection assessment
available for the PRF Aquifer

Potentially Not GDEs

Alluvial Losing 2

3,272

Potentially losing
reach

Undefined status

Wetlands –0.88

Since the reach is potentially losing, GDE indicators either are not dependent on groundwater or dependent on
groundwater to some extent due to the interconnection between surface and groundwater
All GDE indicators directly over Alluvial Aquifer

No stream interconnection assessment
available for the PRF Aquifer

Potentially Not GDEs
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Data Gaps and Limitations

Interconnection GDE
Classification

Potentially Not GDEs

Reach Interconnection Status

Interconnection GDE
Classification

Salinas River
Reach

Reach
Length (ft)

PRF Confined
Gaining 1

911

Undefined status

Potentially gaining;
in confined areas

Wetlands –1.37

Since reach status is unknown in Alluvial Aquifer, GDE indicators may be dependent on groundwater to some extent
All GDE indicators directly over Alluvial Aquifer

No stream interconnection assessment
available for the Alluvial Aquifer

Potential GDEs

PRF Confined
Losing 1

3,776

Undefined status

Potentially losing; in
confined areas

Wetlands –1.59

Since reach status is unknown in Alluvial Aquifer, GDE indicators may be dependent on groundwater to some extent
All GDE indicators directly over Alluvial Aquifer

No stream interconnection assessment
available for the Alluvial Aquifer

Potential GDEs

Not Classified

n/a

Vegetation–45.5
Wetlands–268.72
Overlapping vegetation and wetlands–
74.66

Areas greater than 4,000 feet from the Salinas River; includes areas along Santa Margarita Creek, Trout Creek, Yerba
Buena Creek and other upstream tributaries of the Salinas River that were not evaluated for stream interconnection

No stream interconnection assessment for
upstream tributaries of the Salinas River;
incomplete groundwater level data

Potential GDEs

Alluvial Aquifer

PRF Aquifer

Greater than 4,000 ft from the Salinas
River

Acreage of GDE Indicators

Characteristics

D
RA

FT

Notes: GDE= groundwater dependent ecosystem; ft = feet; bgs = below ground surface; PRF = Paso Robles Formation
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Data Gaps and Limitations

5.3

Vegetation Evaluation

Rooting Depth Evaluation
Table 5-2 presents results of the vegetation rooting depth evaluation, organized by results
for the highest spring and fall groundwater levels in representative wells, along with
characteristics of the dataset for each result. Results were determined to be one of the
following:
Similar–Maximum rooting depth is less than 2 feet greater or lesser than the
groundwater level



Substantially Greater/Less–Maximum rooting depth is more than 10 feet greater or
lesser than the groundwater level



Greater/Less–Maximum rooting depth is between 2 and 8 feet greater or lesser than
the groundwater level
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The Vegetation GDE classification is presented for each result and considers the reaches
interconnection GDE classification, shown in Table 5-2, and other factors such as data gaps
and limitations.
GDE Pulse Evaluation

The GDE Pulse tool is limited to vegetation GDE indicators. Vegetation GDE indicators are
located along Reaches Undefined 6, Qa (3), and Qa (4) and not classified areas in the
Atascadero Basin. The Nacimiento Water Project begin recharging the Alluvial Aquifer in the
Atascadero Basin in 2010. Therefore, from 2010 (pre-drought) to 2015 (end of drought),
changes in NDVI and NDMI may be less evident for vegetation GDE indicators over the
Alluvial Aquifer and more evident for those directly over the PRF Aquifer (limited to not
classified areas in the Atascadero Basin). A summary of NDVI (vegetation greenness) and
NDMI (vegetation moisture) trends in the GDE Pulse tool and corresponding evaluation for
each reach with vegetation GDE indicators is summarized below.


Undefined 6. There are overall trends of slightly decreasing NDVI and NDMI for
valley foothill riparian polygons in this reach between 1985 to 2018, corresponding
with general average decline in precipitation, and trends of moderate to large
increases in NDVI and NDMI apparent between 2014 to 2018 corresponding with a
short-term trend of increasing annual precipitation. No groundwater data are
available in representative wells to compare with NDVI/NDMI trends for this reach.
No changes were made to vegetation GDE classifications.



Alluvial Gaining 3. There is little to no change in NDVI or NDMI in the mapped
valley foothill riparian areas from 1985 to 2018, and some moderate to large
increases in NDVI and NDMI following the trend of increasing annual precipitation
from 2014 to 2018. No changes were made to vegetation GDE classifications.



Alluvial Gaining 4. There is little to no change in NDVI or NDMI in the mapped
valley foothill riparian areas from 1985 to 2018, and some moderate to large
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increases in NDVI and NDMI following the trend of increasing annual precipitation
from 2014 to 2018; one of these polygons also has groundwater well data associated
showing that trends in NDVI/NDMI mirror the trends in groundwater depth for that
location. No changes were made to vegetation GDE classifications.


5.4

Not classified. There is little to no change in NDVI or NDMI in the areas with
vegetation GDE indicators mapped from 1985 to 2018, and mostly moderate to high
increases in NDVI and NDMI during the short-term period of increasing annual
precipitation from 2014 to 2018, aside from a few small areas within neighborhoods
that are likely reflecting changes due to vegetation management. No changes were
made to vegetation GDE classifications.

Final Classification

D
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Table 5-3 presents the final GDE classification acreage for the Atascadero Basin, organized
by Salinas River stream reach. The final GDE classification was identified based on the
results/GDE classification presented in Sections 5.1 through 5.3. The final GDE
classification for the Atascadero Basin is shown in Figures 5-2 and 5-3.
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Table 5-2. GDE Indicators Vegetation Evaluation
Rooting Depth Comparison to
Highest Spring and Fall GW Levels in Representative Wells

Acreage of GDE Indicators

Characteristics

Data Gaps and Limitations

Vegetation GDE Classification

Wetlands–3.17

Limited to “Riverine, Unknown Perennial, Unconsolidated Bottom,
Semipermanently Flooded” wetland indicator
3.0 acres directly over Alluvial Aquifer

None

Solely dependent on reach interconnection status

Rooting depth less than spring and fall GW levels

Wetlands–4.59

Rooting depth is approximately 2.6/2.7 ft less than GW levels
Limited to wetlands with scrub-shrub type vegetation
All GDE indicators over Alluvial Aquifer

Assumed rooting depth for scrub-shrub vegetation

Potentially Not GDEs–losing reaches
Potential GDE–gaining reaches and undefined reaches

Rooting depth substantially less than spring and fall GW levels

Wetlands–5.42

Limited to wetlands with emergent and scrub-shrub vegetation types
5.09 acres directly over unconfined PRF Aquifer

Assumed rooting depth for scrub-shrub and emergent vegetation

Not GDE–disconnected reaches
Potential GDE–gaining reaches and undefined reaches and not
classified areas

Rooting depth less than spring GW level and substantially less
than fall GW level

Wetlands–5.43

Limited to wetlands with emergent and scrub-shrub vegetation types
1.45 acres directly over PRF Aquifer, both confined and unconfined

Assumed rooting depth for scrub-shrub and emergent vegetation

Potentially Not GDEs–losing reaches
Potential GDE–gaining reaches and undefined reaches

Rooting depth similar to spring GW level and substantially less
than fall GW level

Wetlands–49.79

Limited to wetlands with emergent vegetation type
All GDE indicators associated with not classified areas
45.2 acres directly over Alluvial Aquifer

Assumed rooting depth for emergent vegetation

Potential GDE–not classified areas

Rooting depth similar to spring GW level and less than fall GW
level

Wetlands–3.59

Limited to wetlands with scrub-shrub type vegetation type
3.43 acres directly over Alluvial Aquifer
2.80 acres associated with Alluvial Gaining reaches

Assumed rooting depth for scrub-shrub vegetation

Potential GDE–gaining reaches and not classified areas

Rooting depth greater than spring and fall GW levels

Wetlands–2.42

Limited to forested wetlands
0.36 acres directly over PRF Aquifer

Rooting depth substantially greater than spring and fall GW
levels

Vegetation–29.70
Overlapping vegetation and wetlands–11.29

Vegetation indicators are Coast Live Oak and Riparian
Wetlands are emergent, forested, or scrub-shrub
Occurs over both the Alluvial and PRF Aquifers.

Assumed rooting depths for vegetation associated with wetland
GDE indicators

Confirmed GDE–all reaches and not classified areas with solely
vegetation GDE indicators and gaining reaches with wetland
GDE indicators
Potential GDE–losing and undefined reaches/not classified areas
and not classified areas with wetland GDE indicators

Rooting depth substantially greater than spring GW level and
greater than fall GW level

Wetlands – 38.59
Overlapping vegetation and wetlands–2.22

Vegetation indicator is limited to Valley Foothill Riparian
Primarily Alluvial Aquifer, 0.49 acres over the PRF Aquifer

None

Confirmed GDE–gaining reaches

Rooting depth greater than spring GW level and less than fall
GW level

Wetlands–1.50

Limited to wetlands with emergent, scrub-shrub vegetation types
All GDE indicators associated with undefined reaches or not classified
areas
1.36 acres directly over Alluvial Aquifer

Assumed rooting depths for emergent, scrub-shrub, and forested
vegetation

Potential GDEs–undefined reaches and not classified areas

Rooting depth greater than spring GW level and similar to fall
GW level

Wetlands–14.41
Overlapping vegetation and wetlands–2.33

Vegetation indicators are willows(shrub)
1.04 acres directly over PRF Aquifer

No representative GW data available

Vegetation–38.45
Wetlands–218.79
Overlapping vegetation and wetlands–64.29

Covers a wide range of vegetation and wetland indicators along with both
the Alluvial and PRF Aquifers.

No GW level data available for representative wells

Potential GDE–all reaches and not classified areas
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Not applicable–no vegetation

Notes: ft = feet; bgs = below ground surface; GW = groundwater; “substantial” = groundwater levels greater or less than 10 feet from rooting depth; “similar” = groundwater levels
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Table 5-3. Final GDE Classification Acreage by Salinas River Stream Reach
Salinas River
Reach

Not GDEs

Not GDEs Where Developed;
Confirmed GDE Elsewhere

Not GDEs Where Developed;
Potential GDE Elsewhere

Potentially Not GDEs

Potentially GDEs

Undefined 1

0.55 Acres

Undefined 2

0.89 Acres

Undefined 3

8.26 Acres

Undefined 4

0.56 Acres

Undefined 5

0.68 Acres

Undefined 6

3.46 Acres

0.04 Acres

Undefined 7
Undefined 8

1.7 Acres

FT

1.27 Acres

PRF
Disconnected 1

0.28 Acres

Alluvial Gaining 1

7.35 Acres

Alluvial Gaining 2

0.35 Acres

3.24 Acres

Alluvial Gaining 3
Alluvial Gaining 4

0.13 Acres
1.87 Acres

Alluvial Losing 2

4.13 Acres

12.04 Acres

2.58 Acres

22.04 Acres

13.71 Acres
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Alluvial Losing 1

0.88 Acres

PRF Confined
Gaining 1

1.37 Acres

PRF Confined
Losing 1

GEI Consultants, Inc.

11.94 Acres
3.87 Acres

Alluvial & PRF
Disconnected 1

Not Classified

Confirmed GDEs

1.59 Acres

2.53 Acres

46.40 Acres

105.1 Acres

28

215.37 Acres

21.59 Acres
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Figure 5-2. Atascadero Basin Final GDE Classification (North Basin)
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Figure 5-3. Atascadero Basin Final GDE Classification (South Basin)
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INTRODUCTION
This appendix briefly summarizes modeling work done for the Groundwater Sustainability Plan (GSP). As
described in Section 6, the hydrologic modeling platform was developed for the Paso Robles Subbasin by
various authors during the period from 2005 through 2020. Montgomery and Associates (M&A) performed
the final modifications and updates to the modeling platform that were utilized for both this Atascadero
Basin GSP and the Paso Robles Subbasin GSP (M&A, 2020). Work conducted by M&A included the following
activities:
•

Updating the platform with recent hydrologic information,

•

Modifying certain components of the platform to address computational issues identified during
the update process,

•

Adapting the water budgeting process to be consistent with new boundaries, including
segregation of the Atascadero Subbasin (Atascadero Basin, or Basin) and the Paso Robles
Subbasin. Segregation of the portion of the Paso Robles Subbasin north of the San Luis Obispo
County line was previously performed by M&A. Figure 1 shows the Basin boundary (in orange)
and the new Paso Robles Subbasin boundary (in green); the GSP only applies to the Atascadero
Basin, thus, water budgets reported in the GSP do not include areas within the newly defined
Paso Robles Subbasin or areas that lie north of the San Luis Obispo County line.

This appendix is substantially similar to Appendix E of the Paso Robles Subbasin GSP, prepared by M&A
(2020). It has been modified to include work performed during development of the Atascadero Basin GSP.
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Figure 1. Map Showing Original and Modified Paso Robles Subbasin Boundaries and the Atascadero
Subbasin (Source: M&A, 2020)

This appendix summarizes the model update process and effects of changes to the modeling platform and
boundaries on computed groundwater budgets.
The appendix is subdivided into the following sections.
•

Description of GSP Model

•

Model Update

•

Model Modifications

The hydrologic modeling platform includes a numerical groundwater flow model and two additional models
that are used to compute groundwater model input data for streamflow, recharge, and groundwater pumping
[Geoscience Support Services, Inc. (GSSI), 2014 and 2016]. The two additional models consist of a Soil
Water Balance (SWB) spreadsheet model and a surface water model. The interrelationship between the
groundwater model, SWB model, and surface water model are shown on Figure 2. Hereafter in this
appendix, the original hydrologic modeling platform developed by GSSI is referred to as “the GSSI model.”
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Figure 2. Schematic for Modeling Platform (Source: M&A, 2020)

The GSSI model was updated by M&A for the GSP. The M&A model update process included compiling
hydrologic data and preparing model input files to extend the simulation time period from 2012 through
2016. Model modifications included changes to model structure, input/output processing routines, and
model assumptions. Modifications were made to address issues that had a potentially significant impact on
the computed water budget and groundwater storage calculations.
The GSP model was not recalibrated by M&A. In lieu of recalibration, a focused comparison of modelprojected and observed groundwater elevations at wells and stream flows at selected stream gages was
conducted. Results of this comparison indicated that the calibration of the GSP model was similar to the
GSSI model, thus, the model was considered appropriate for use on both this Atascadero Basin GSP and the
Paso Robles Subbasin GSP.
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DESCRIPTION OF GSP MODEL
Soil Water Balance Spreadsheet Model
The SWB model uses rainfall, evapotranspiration, soil, and crop data to estimate groundwater irrigation
demand for crops in the Basin. Irrigated crops are assigned to seven crop categories (Carollo and others,
2012), including alfalfa, nursery, pasture, citrus, deciduous, vegetables, and vineyard. For the GSP model,
geospatial crop datasets compiled by the Agricultural Commissioner’s Office of San Luis Obispo County were
intersected with different climate zones and soil types within the Basin and the surrounding watersheds. For
each of the seven crop categories, existing discrete SWB models were extended in time for each unique
intersection of crop acreage, climate zone, and soil type to cover the current period (2012-2016).
The underlying structure and data requirements are identical for all of the SWB spreadsheet models, except
vineyards. All of the SWB models operate on a daily time step, and require daily precipitation and reference
evapotranspiration rates as input. SWB models developed for vineyards also require daily minimum
temperature data to estimate frost prevention groundwater pumping during March and April.
The SWB model computes daily irrigation demand rates in inches. Groundwater pumping to satisfy the
irrigation demand is higher than the actual crop demand due to excess irrigation losses, which depend on
assumed irrigation efficiency. The study documented by GSSI (2014) defined irrigation efficiency for each of
the seven crop categories, and those efficiency values were also used by M&A. The difference between
groundwater pumping and crop irrigation demand is assumed to percolate past the base of the root zone,
ultimately becoming groundwater recharge. This recharge is referred to as irrigation return flow in GSP
Section 6.

Surface Water Model
A surface water model was developed by GSSI (2014) for contributing watersheds. The surface water model
was developed using the Hydrologic Simulation Program – Fortran (HSPF) code. The model simulates land
surface processes and surface water flow at the subwatershed scale (Bicknell and others, 2001). The
surface water model simulates daily time steps, and requires daily precipitation, reference
evapotranspiration, and reservoir releases as input. Historical watershed simulations developed by GSSI
(2014) used land use data for 1985, 1997, and 2011 in the surface water model. The 2011 land use data
were used by M&A to update the GSP model.
The surface water model simulates deep percolation of precipitation past the base of the root zone and
streamflow leaving the outlet of each subwatershed. The amount of deep percolation of precipitation
computed by the surface water model was included in the recharge assigned to the groundwater model, and
simulated streamflow at the subwatershed outlet was used to compute surface flow rates for stream
segments simulated in the groundwater model.

Groundwater Model
The groundwater flow model for the Paso Robles Subbasin and subsequent use for the Atascadero Basin
uses the MODFLOW-2005 code (GSSI, 2014 and 2016). The extent and structure of the GSSI model are
based on an earlier version of the groundwater flow model developed by Fugro (2005). Groundwater inflows
simulated in the model include areal recharge, subsurface inflow at the model boundaries, and streambed
4
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percolation. Areal recharge includes both recharge from precipitation and irrigation return flow. Groundwater
outflows simulated in the model include subsurface outflow, groundwater pumping, and riparian
evapotranspiration.
Areal recharge and subsurface inflow are computed based on excess irrigation from the SWB model and
deep percolation of precipitation from the surface water model. Streambed percolation depends on both
simulated water table elevation and simulated streamflow, which in turn is based on simulated streamflow
from the surface water model. Agricultural groundwater pumping is specified based on irrigation demand
computed in the SWB model.

5

DRAFT | Atascadero Basin Groundwater Sustainability Plan

MODEL UPDATE
SGMA regulations require estimation of surface water and groundwater budgets for both a historical base
period and current period. For the Basin, the historical base period covers Water Years (WY) 1981 through
2011 and the current period covers WY 2012 through 2016. The GSSI model covered only the historical
base period (GSSI, 2014; GSSI, 2016). To comply with SGMA regulations for developing a current water
budget, M&A updated the 2016 version of the GSSI model to include hydrologic data from 2012 through
2016.
Each of the three components of the modeling platform were updated to include the current period. Table 1
lists datasets used for the model update, along with the source for each dataset.
Table 1. Data Sources for Model Update (modified from Paso Robles Subbasin GSP Appendix E (M&A,
2020))
Dataset

Responsible Agency
or Entity

Type of Data

Data Source

Meteorological Data
Paso Robles Station
(46730);
Santa Margarita Booster
Station (47933)

NOAA1

Daily precipitation

https://www.ncdc.noaa.gov

San Miguel Wolf Ranch
(47867)

NOAA1

Daily precipitation

https://www.ncdc.noaa.gov/

Oak Shores WWTP (201)

San Luis Obispo
County

Daily precipitation

Electronic transmittal from SLO County

Paso Robles

WWG2

Daily reference
evapotranspiration

Electronic transmittal

Atascadero (163)

CIMIS3

Daily reference
evapotranspiration

https://cimis.water.ca.gov/WSNReportCri
teria.aspx

Hydrologic Data
Nacimiento Reservoir

Monterey County
Water Resources
Agency

Daily reservoir releases

https://www.co.monterey.ca.us/government/governmentlinks/water-resources-agency

San Antonio Reservoir

Monterey County
Water Resources
Agency

Daily reservoir releases

https://www.co.monterey.ca.us/government/governmentlinks/water-resources-agency

Salinas Dam

San Luis Obispo
County

Daily reservoir releases

https://wr.slocountywater.org/site.php?sit
e_id=25&site=2d50a617-2e23-4efc- a9be-e3a2c4a7100b

Water Use Data
San Miguel CSD

San Miguel CSD

Monthly groundwater
pumping

Excel file (Paso_Water_Use_Tables_v7.xlsx) received from GEI
Consultants on 14 June 2018; data provided to GEI by San
Miguel CSD
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Dataset

Responsible Agency
or Entity

Type of Data

Data Source

City of Paso Robles

City of Paso Robles

Monthly groundwater
pumping

Historical based on Excel file
(Paso_Water_Use_Tables_v7.xlsx) received from GEI
Consultants on 14 June 2018; data provided to GEI by City of
Paso Robles. Projected based on Paso Robles 2015 Urban
Water Management Plan.

Templeton CSD

Templeton CSD

Annual groundwater
pumping

Templeton Community Services District Water Supply Buffer
Model 2019 Update

Atascadero MWC

Atascadero MWC

Annual groundwater
pumping

Atascadero MWC 2015 Urban Water Management Plan

Small commercial
pumping

N/A

Annual groundwater
pumping

Paso Robles portion of model: For pumping that started before
2010, projected based on historic use in 2016 model (linear
regression trend). For water use that began in 2010; assume
1% annual increase through 2016. Atascadero portion of model:
Assumed 1% annual increase.

Domestic pumping

N/A

Annual groundwater
pumping

Paso Robles portion of model: Projected based on historic use
in 2016 model (linear regression trend). Atascadero portion of
model: Assumed 1% annual increase.

Agricultural pumping

N/A

Annual groundwater
pumping

Pumping based on groundwater demand from soil waterbalance spreadsheets. Atascadero portion of model: Projected
demand based on 1% annual increase.

Imported Surface Water
Imported Surface Water
Recharge (including
Nacimiento Water Project
and State Water Project)

N/A

Annual recharge to
groundwater from
imported sources

Historical based on records provided by contract holders.
Projected based on Agency planning documents.

Wastewater Recharge
Wastewater recharge (all
utilities)

N/A

Annual recharge to
groundwater from
wastewater

Projected based on Agency planning documents.

Crop Data
San Luis Obispo County,
2013-2016

San Luis Obispo
County

State of California, 2014

CA DWR4

Geospatial data
attributed with acreage
and crop
group
Geospatial data
attributed with acreage
and crop
group

Electronic transmittal from SLO County

https://gis.water.ca.gov/app/CADWRLan dUseViewer/

Notes:
(1) National Oceanic and Atmospheric Administration
(2) Western Weather Group
(3) California Irrigation Management Information System
(4) California Department of Water Resources
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MODEL MODIFICATIONS
Modifications to Model Components
Groundwater budgets for the Basin were derived from the groundwater flow model, which depends on the
SWB models and surface water model for key input data. During the model update process for the GSP
model, M&A made several modifications to the individual models to improve two computational aspects of
the model.

Modifications to Agricultural Irrigation Routing
In the model input files developed by GSSI, irrigation return flow was routed to the surface water model. This
irrigation return flow was treated as an external lateral surface inflow to the land surface. The surface water
model combines this water with all direct precipitation that was not intercepted by the crop canopy. Some of
the water accumulating at the land surface becomes streamflow. The remaining water enters the soil root
zone. In the GSSI model, excess irrigation return flow water accumulating in the upper and lower soil root
zones was subject to evapotranspiration. However, excess irrigation return flow represents water that has
moved past the root zone, and should not be subject to evapotranspiration. Thus, irrigation return flow was
inadvertently subjected to soil evaporation twice. The net effect of double-counting soil evaporation was to
underestimate the quantity of water that ended up as deep percolation to groundwater.
The models were modified so that irrigation return flow calculated in the SWB models was routed to
groundwater recharge in the groundwater flow model instead of routed to the surface water model. As a
result, areal recharge specified in the GSP model is greater than areal recharge specified in the GSSI model
(M&A, 2020).

Modifications to Streamflow Routing Outside the Paso Robles Subbasin
In the GSSI model, subsurface inflow was computed as the sum of irrigation return flow, deep percolation of
direct precipitation, and streambed percolation occurring outside the Subbasin boundaries. Streambed
percolation was computed by HSPF as an outflow from each stream reach. The streambed percolation was
computed using reference information from the HSPF Best Management Practices toolkit developed by the
U.S. Environmental Protection Agency (GSSI, 2014).
Modifications were made to the process described above to ensure consistency in the simulated water
balance. In HSPF, stream outflows and streambed percolation are routed to the next downstream stream
reach. Consequently, when a stream enters the margin of the groundwater model, HSPF routes all of the
streamflow and streambed percolation into the stream network within the groundwater model domain.
However, in the GSSI model, the streambed percolation water was also being added to the groundwater
model as subsurface inflow. This means percolating water through streambeds in the watershed outside of
the Subbasin was being double counted: as both stream inflow and subsurface inflow.
To avoid double counting the inflow, M&A modified the groundwater model input files so that subsurface
inflow no longer included HSPF model-computed streambed percolation outside groundwater model domain.
The primary effect of this change was a reduction in subsurface inflow into the groundwater model. A
secondary effect of this change was a reduction in inflow to streams inside the groundwater model domain
due to excess subsurface inflow.
Reduction in stream inflows as a result of modifications described above is due to an input processing
procedure developed by GSSI (2016). Specifically, the 2016 version of the GSSI model included an empirical
procedure for re-assigning computed subsurface inflow above a threshold value as surface water inflow to
8
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streams inside the Subbasin boundaries. The GSP model uses the same procedure; however, streambed
percolation is no longer double counted, thus computed subsurface inflow in excess of the threshold is lower
in the GSP model than compared to the GSSI (2016) model.

Summary of Effects of Model Modifications
The net effect of correcting excess agricultural irrigation routing was to increase areal recharge. The net
effect of removing streambed percolation computed by the surface water model from subsurface inflow to
the groundwater model was to reduce both subsurface inflow and surface water inflow to streams in the
groundwater flow model. The combined effect of these two modifications was to reduce the amount of water
recharging the groundwater system.

Change in Subbasin Boundary
The boundary of the Paso Robles Subbasin changed between completion of the 2016 GSSI model and the
GSP model update. In 2018, the California Department of Water Resources (DWR) redefined the Paso
Robles Subbasin boundary in response to two basin boundary modification requests. As a result of this
modification, the Atascadero Subbasin (Basin), and all land north of the Monterey County line are no longer
included in the Paso Robles Subbasin (Figure 1). Groundwater budgets for the Atascadero Basin GSP are
reported for the smaller Basin area only. Previous groundwater budgets using the 2016 GSSI model were
reported for the entire original Paso Robles Groundwater Subbasin, which included the Atascadero Basin
(GSSI, 2016).
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Atascadero Basin Groundwater Sustainability Plan, Section 6 – Water Budgets

Current Water Budget

Historical Water Budget

Water Budget

INFLOW (Acre Feet per Year)
Water
Year
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
Average
Min
Max
2012
2013
2014
2015
2016
Average
Min
Max

Treated
Wastewater
Discharge

NWP Perc

Perc of
Precip

1,570
1,600
1,630
1,660
1,690
1,730
1,760
1,790
1,820
1,860
1,890
1,930
1,960
1,990
2,030
1,700
2,120
2,040
1,770
1,720
2,080
2,280
2,340
2,340
2,320
2,370
2,270
2,380
2,280
2,450
2,540
2,000
1,570
2,540

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
70
0
0
70

1,400
3,600
13,000
700
500
6,000
300
600
1,100
100
2,000
2,600
9,600
400
10,600
3,400
7,800
11,400
700
2,900
2,600
400
2,300
500
10,400
3,500
100
3,200
500
4,800
6,700
3,700
100
13,000

100
100
100
100
100
100
100
100
100
100
1,000
900
1,100
1,100
1,100
900
1,100
1,000
1,000
900
1,000
2,800
2,300
2,800
2,200
2,100
2,800
2,400
2,700
2,500
2,300
1,200
100
2,800

2,460
2,490
2,520
2,550
2,570
2,520
2,460
2,570

1,270
2,530
730
4,790
1,460
2,160
730
4,790

400
700
300
500
1,400
600
300
1,400

2,800
2,700
2,900
2,700
2,400
2,700
2,400
2,900

Urban
Irrigation Ag Irrigation
Return Flow Return Flow

OUTFLOW (Acre Feet per Year)

Stream
Infiltration

Subsurface
Inflow

Total Inflow

Municipal
Pumping

2,700
2,300
2,500
2,700
2,400
2,100
2,200
1,800
1,700
1,800
1,000
900
1,000
900
800
600
600
500
500
500
600
800
600
800
800
700
1,000
800
900
700
600
1,200
500
2,700

3,200
7,200
27,200
2,300
1,900
15,700
1,500
2,000
2,800
1,100
2,300
3,400
16,500
1,400
25,500
5,900
18,100
21,800
1,300
3,700
2,600
1,600
2,300
1,400
19,800
2,900
1,200
3,600
1,500
7,300
9,900
7,100
1,100
27,200

2,900
5,000
5,400
2,100
1,800
4,500
1,300
1,400
1,900
800
2,100
3,000
3,100
500
3,100
3,600
4,100
3,400
700
2,800
2,300
300
1,900
300
3,100
1,900
0
2,400
300
2,100
3,300
2,300
0
5,400

11,900
19,900
49,800
9,600
8,400
30,100
7,100
7,700
9,500
5,700
10,300
12,700
33,300
6,200
43,100
16,100
33,800
40,200
6,000
12,600
11,200
8,200
11,700
8,100
38,600
13,600
7,400
14,800
8,100
19,800
25,300
17,500
5,700
49,800

700
1,000
1,200
1,100
800
1,000
700
1,200

1,400
1,400
1,200
1,300
1,500
1,400
1,200
1,500

100
500
0
200
1,200
400
0
1,200

9,200
11,200
8,900
13,000
11,400
10,800
8,900
13,000

Ag Irrigation
Pumping

Rural
Domestic
Pumping

Small
Commercial
Pumping

Total
Pumping

4,900
4,900
5,100
6,800
6,900
7,400
8,100
8,400
8,100
7,600
6,200
7,000
7,600
8,600
9,000
9,800
10,500
9,200
10,300
11,200
10,600
10,900
11,100
10,300
9,900
11,300
12,000
11,500
10,400
10,100
10,000
8,900
4,900
12,000

12,900
10,900
10,800
12,600
11,500
10,400
9,500
8,500
8,500
7,800
4,600
4,200
3,900
3,600
3,300
3,100
2,700
2,400
2,600
2,800
3,100
3,100
2,800
3,300
3,300
3,300
2,900
2,900
2,800
2,400
2,100
5,500
2,100
12,900

200
200
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
400
400
400
400
400
400
400
400
400
400
400
500
500
300
200
500

700
600
600
700
700
700
700
600
700
700
700
700
700
600
600
700
700
600
600
600
600
600
600
700
600
600
700
700
600
600
600
600
600
700

10,200
10,800
9,300
7,800
8,000
9,200
7,800
10,800

2,200
2,600
3,100
2,500
2,600
2,600
2,200
3,100

500
500
500
500
500
500
500
500

600
600
600
600
600
600
600
600

Estimated
Difference
Cumulative
Safe Yield
between inflow
and outflow (Acre- Change (Acre- (Acre-feet per
feet)
year)
feet)

Riparian Evapotranspiration

Outflow to
Paso Robles
Subbasin

Total
Outflow

18,700
16,600
16,800
20,400
19,400
18,800
18,600
17,800
17,600
16,400
11,800
12,200
12,500
13,100
13,200
13,900
14,200
12,500
13,900
15,000
14,700
15,000
14,900
14,700
14,200
15,600
16,000
15,500
14,200
13,600
13,200
15,300
11,900
20,400

500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500

400
1,100
1,400
400
300
600
600
500
400
300
400
500
800
200
600
200
400
600
0
0
-100
-200
-300
-200
300
-300
-500
-300
-400
-100
0
300
-500
1,400

19,700
18,300
18,500
21,300
20,100
19,800
19,700
18,900
18,600
17,200
12,800
13,200
13,800
13,800
14,400
14,600
15,200
13,700
14,500
15,500
15,100
15,400
15,100
14,900
15,000
15,900
16,000
15,700
14,400
13,900
13,700
16,100
12,800
21,300

-7,800
1,500
31,300
-11,800
-11,700
10,300
-12,700
-11,200
-9,100
-11,400
-2,500
-500
19,400
-7,600
28,700
1,600
18,600
26,600
-8,400
-2,900
-3,900
-7,100
-3,400
-6,800
23,700
-2,300
-8,500
-900
-6,300
5,900
11,700
1,400
-12,700
31,300

-7,800
-6,300
25,000
13,200
1,500
11,800
-900
-12,000
-21,100
-32,600
-35,100
-35,600
-16,100
-23,700
5,000
6,600
25,200
51,800
43,300
40,400
36,500
29,300
26,000
19,200
42,800
40,600
32,000
31,100
24,800
30,700
42,300

13,500
14,500
13,500
11,400
11,700
12,900
11,400
14,500

500
500
500
500
500
500
500
500

-300
-300
-300
-100
-100
-200
-300
-100

13,700
14,700
13,800
11,800
12,200
13,200
11,800
14,700

-4,600
-3,500
-4,900
1,200
-900
-2,500
-4,900
1,200

-4,600
-8,000
-13,000
-11,700
-12,600

16,700

10,400

Notes: NWP = Nacimiento Water Project, Perc = percolation, Ag = agricultural, PWS = public water system

Appendix 6B

Appendix 7A Known Well Completion Reports, With
Redacted Ownership Information
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Appendix 7B SLOFCWCD Monitoring and Reporting
Protocols
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Appendix 7C Locations of Non-Confidential Wells
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