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2 State of the Basin
This section of the Revised BMP summarizes the groundwater basin conditions within the PVWMA
service area. The purpose of this section is to present:
1. The current state of the basin;
2. Underlying assumptions for the Pajaro Valley Integrated Groundwater Surface Water Model
(PVIGSM) development; and
3. Results of the basin sustainable yield analyses for existing and future conditions.
Most of the data, references, and conclusions are taken from the PVWMA State of the Basin Report
distributed by the Agency in April 2001 and the PVIGSM Technical Memoranda (TM) finalized in June
2000 (Montgomery Watson/AT Associates, 1999-2000). The State of the Basin Report and the PVIGSM
Technical Memoranda provide a more thorough presentation of the Pajaro Valley groundwater basin
geology, hydrology, and hydrogeology.
As documented in numerous groundwater studies conducted over the past 55 years, the Pajaro Valley
groundwater basin is in an overdraft condition. An overdraft condition occurs when the amount of water
withdrawn exceeds the amount of water replenishing the basin. The rate of seawater intrusion in the
groundwater basin has also been increasing recently. In general, a combination of both overdraft
conditions and seawater intrusion has limited the fresh groundwater supply needed to sustain the longterm agricultural and urban economy of the Pajaro Valley.
The first step in developing and assessing scenarios to alleviate the basin overdraft and seawater intrusion
is to develop an understanding of the magnitude of the problem. By modeling the current ‘baseline’
conditions, the sustainable yield of the basin (the maximum amount of water that can be extracted from a
groundwater basin without causing adverse effects) can be estimated. With this estimate of sustainable
yield in hand, alternative strategies to balance the basin can be developed.
The PVIGSM was developed to assess the behavior of the groundwater basin under current baseline
conditions and to assess the merits of alternative strategies to balance the basin. It is a dynamic finite
element model that simulates the balance of groundwater in the Pajaro Valley basin using geologic and
hydrologic conditions, current pumping conditions, water supply and demand conditions, and other basin
characteristics. The model uses numerical algorithms to solve coupled differential equations and creates a
mass balance within the model grid. The PVIGSM was developed to assist in:

•
•
•
•

Gaining knowledge of the historical conditions of the groundwater basin;
Evaluating the present state of the groundwater basin;
Estimating the sustainable yield of the basin; and
Evaluating the impact of potential alternative water supply scenarios on the integrated surface
water and groundwater system.

2.1 Basin Boundaries
This section describes the hydrologic boundaries of the Pajaro Valley groundwater basin used in the
development of the PVIGSM, the political boundaries of the PVWMA, and the relationship between the
two. The boundaries of the PVIGSM model area were generally drawn along the lines of hydrogeologic
features in order to make the model as accurate as possible. These boundaries are not exactly the same as
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the boundaries of the PVWMA. Figure 2-1 shows the boundaries of both the model and the PVWMA
service area.
Figure 2-1: PVWMA Service Area and PVIGSM Model Area

PVWMA Boundary
PVIGSM Model Boundary

Notes:
1.
2.

Total Model Area (less Monterey Bay) = 96,500 Acres
PVWMA Area = 79,600 Acres

Results from the model were adjusted to account for the area of the model outside of the PVWMA service
area. Because of the high degree of overlap between the two areas, the adjustments were modest and did
not affect the validity of the model results.
The total model area is approximately 146,700 acres, of which 96,500 acres are on-shore lands. The
PVWMA service area of 79,600 acres lies generally within the on-shore model area except for a
mountainous area on the eastern boundary that has little arable land and is of little consequence to the
hydrogeology of the service area.
Political and model boundaries are described below:
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Westerly Boundary: The western boundary of the Pajaro Valley groundwater basin extends far offshore
under the Pacific Ocean. There are no known faults or other physical boundaries that prevent seawater
intrusion when groundwater levels are low. The boundary condition was set to simulate constant head
uniformly increasing from the coast to offshore, thereby simulating the density gradient due to seawater
intrusion.
The PVWMA jurisdictional boundary follows the coastline and parallels the Pajaro Valley groundwater
basin.
Easterly Boundary: The San Andreas Fault trends along the eastern edge of the Pajaro Valley.
Impermeable rocks east of the fault act as a barrier to groundwater flow into or out of the Pajaro Valley
groundwater basin, creating a well-defined geologic boundary for the model. The boundary condition for
modeling purposes was set to no groundwater flow and a small amount of simulated surface flow from
small watersheds.
The PVWMA jurisdictional boundary parallels the fault line following the Santa Clara and Santa Cruz
County border. Although the PVWMA jurisdictional boundary was politically based, it reasonably
follows the Pajaro Valley groundwater basin.
Northerly Boundary: The northern boundary is set at the watershed divide. Boundary conditions for the
model were set to general head conditions from the Soquel-Aptos basin.
In general, the northern PVMWA boundary is a political boundary. At this boundary, the groundwater
basin is shared with areas outside of PVMWA jurisdiction. There is no definitive geologic basis for the
northern PVWMA jurisdictional boundary except for those areas where it follows the watershed divide.
Southerly Boundary: The relatively impermeable clays found in Elkhorn Slough to the south of the
Pajaro Valley prevent north-south groundwater flows, creating a well-defined geologic barrier. Inland of
the Slough, the groundwater can move either north or south depending on the pumping or hydrologic
conditions; the groundwater boundary is not well-defined. Boundary conditions for the model were set to
general head in the North Monterey County area and constant head at the Elkhorn Slough area.
The PVWMA jurisdictional boundary has both a physical and political basis extending up Elkhorn
Slough and to the south of Carneros Creek. In the Elkhorn Slough area, the PVWMA jurisdictional
boundary was drawn to follow the groundwater divide. Inland of the slough, the boundary follows the
surface water divide.

2.2 Basin Geology
This section describes the shape and structure of the Pajaro Valley groundwater basin and water-bearing
formations. A basic understanding of the local basin geology is necessary to appreciate how the Pajaro
Valley groundwater basin, although quite complex and composed of many hydrogeologic units, is
geologically interconnected and functions as a single groundwater basin. The basin geology will dictate
how current groundwater pumping and irrigation practices affect groundwater levels throughout the basin.
The fundamental understanding of the geologic structure of the basin has not changed significantly since
the State Water Resources Control Board (SWRCB) first evaluated the basin in 1953, although the
amount of information available regarding basin geology has increased in the past 48 years. As part of
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the development of the State of the Basin Report, recent well logs and geophysical data were reviewed,
and a Geographical Information System (GIS) was used to prepare visual representations of the available
geologic data, including cross sections of the basin and maps of the aquifer and aquicludes. This was
done to confirm that the model accurately represents the basin geology of the Pajaro Valley.
The water-bearing units in the Pajaro Valley include the alluvial, dune sand, terrace deposits, and the
various layers of the Aromas sands and Purisima formation. Table 2-1 summarizes the sediment layers
underlying the Pajaro Valley and briefly describes their water-bearing characteristics. Figure 2-2 shows
the geologic units exposed at the surface in the Pajaro Valley.
Table 2-1: Water Bearing Units of the Pajaro Valley (Youngest to Oldest)
Formation
Dune
Deposits

General Character
Unconsolidated, well sorted, fine to medium
grained quartzose sand. In part, actively drifting.

Alluvium

Unconsolidated gravel, sand, silt, and clay.
Underlies the alluvial plain and extends into
adjoining stream canyons.
Cross-bedded gravel, sand, silt, and clay. Marine
origin near La Selva Beach. Non-marine
elsewhere.

Terrace and
Pleistocene
Eolian
Deposits
Aromas Red
Sands

Purisima
Formation

Semi-consolidated, quartzose brown to red sand
with some clay layers. Deposited in an eolian
environment and by meandering and braided
streams.
Poorly indurated sand, silt, clay, and shale; some
gravel. Extensive shale beds in lower part of
formation. Mostly marine in origin, three subunits
locally: upper member is a poorly indurated fine
sand with silt and clay layers, some gravel; middle
member is a poorly indurated medium to fine sand
with silt and clay layers, some gravel; lower
member is a poorly indurated sand with and shale
layers.

Water-Bearing Properties
Largely unsaturated, but where
saturated yields water to wells in
small quantity, unconfined.
Permeable; yields moderate
quantities of water to wells.
Permeable where sufficiently
thick; yields moderate quantities
of water to wells.
Permeable; yields moderate
quantities of water to wells.
Main producing aquifer.
Moderately permeable. Lies at
considerable depth beneath the
valley area, so tapped by few
wells. Water bearing properties
are largely unknown, but upper
and middle members probably
will yield moderate quantities of
water.

The majority of wells producing usable water have been developed in the Alluvium and Aromas sands
formations in the upper 1,000 feet of the groundwater basin. The geology in this upper stratum is quite
complex and is composed of a variety of alluvial materials that mix and intersperse with the Aromas
sands. These alluvial materials generally comprise the upper 100 to 200 feet of the basin and vary greatly
in composition.
The upper part of the Aromas sands formation is found beneath the alluvium, roughly 100 to 200 feet
below sea level, and is the most intensively pumped. The lower part of the Aromas sands formation
extends to approximately 900 feet below sea level near the mouth of the Pajaro River. The Aromas sands
formation slopes upward to the north, and both its lower and upper parts can be observed at the surface to
the north in the Soquel-Aptos area. The Aromas sands thin out toward the northern part of the Pajaro
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Figure 2-2: Pajaro Valley Surface-Level Geologic Units
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Valley and interlace with terrace deposits and other more recent sediments. The Aromas sands formation
contains aquifers separated vertically by layers of discontinuous clays that reduce the flow of water both
vertically and horizontally. The water-producing zones within the Aromas sands formation can vary
greatly in their ability to transmit water. The clay layers between the alluvial material and Aromas
aquifers tend to be thin, however thick clay layers are present between the Aromas and Purisima, which
account for the significant age difference of water in these two formations (Hanson, 1999).
The primary confining clays are thickest in the middle of the Pajaro Valley and trend roughly parallel to
the Pajaro River; they thin inland toward Watsonville and the mountains. As one moves into the
Corralitos area, the clay layers become thinner and discontinuous. It should be noted that in the upper
part of the aquifers in and around Corralitos, one continuous clay layer creates a perched water region.
This perched water table is above the main aquifer, as indicated by water level data. Near the coast, in
both the San Andreas and Springfield Terrace areas, these clays are either absent, thinly layered, or
discontinuous. Therefore, recharge from streamflow or deep percolation of rainfall can still reach the
primary aquifer units in the Aromas sand layers through breaches in the clay, but is constrained by the
presence of these less permeable layers.

2.3 Basin Hydrology
This section describes the hydrologic state of the basin and summarizes the hydrological data set that was
used to develop the PVIGSM.
2.3.1 Basin Surface Waters
The Pajaro River is the largest coastal stream, measured by annual flows, between San Francisco Bay and
the Salinas River. It contributes substantial surface inflow in the Pajaro Valley groundwater basin. The
total drainage area of the Pajaro River above the Chittenden gauging station is approximately 1,200
square miles. Annual stream flow, as recorded at the Chittenden gauging station averaged 124,640 AF,
with a minimum of only 766 AF in 1997 and a maximum of more than 653,889 AF in 1983 (PVWMA,
April 2001).
Salsipuedes Creek is the largest tributary of the Pajaro River within the PVWMA. Salsipuedes Creek
receives 11,350 AF of flow from Corralitos Creek and 4,700 AF from the College Lake Watershed.
Corralitos Creek drains the northern region of PVWMA through a network of streams, which include
Brown, West Branch, Rider Creeks, and an unnamed tributary that drains Pleasant Valley and the eastern
side of the Calabasas Hills. The College Lake Watershed drains the northeastern region of the PVWMA
service area through a network of streams, which include Green Valley, Casserly, and Hughes Creeks.
Together Corralitos Creek and the College Lake Watershed drain approximately 57 miles, which is
approximately half of the PVWMA service area.
The small streams that drain the Pajaro Valley have two distinct areas that contribute to flow in the
surface water system. In mountainous regions, the streams are underlain by the Purisima formations,
while in the lowlands streams are underlain by the Aromas or younger alluvial material. The Purisima is
more consolidated and contains more fine-grained sediments than the Aromas or the alluvial fill.
Therefore, the mountain and lowland reaches of the streams are distinguished by a ten to twenty-fold
difference in mean amounts of runoff, which they contribute to the surface water system (AMBAG, July
1984). A single drainage can contain flow in the mountain region and be completely dry in the lowland
region. The lowland region does not contribute flow to the surface water system except in large storm
events or winter storm patterns that deliver frequent precipitation over a short amount of time.
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College Lake is a seasonal water body in a natural depression created by the Zayante Fault located to the
north of the intersection of Holohan Road and Highway 152, near the St. Francis Cemetery. The Lake
captures runoff from an 11,000-acre watershed (CH2M Hill, February 1999). The College Lake
Reclamation District was formed in the early 1900s by landowners impacted by the flooding of the
natural depression. The Reclamation district owns and operates the existing pumps that drain the lake.
Under existing conditions pumping commences in April and is completed by May. The lakebed is then
planted with 2 to 3 rotations of row crops before it fills with winter runoff.
A network of sloughs drains the northwestern region of the PVWMA service area. These sloughs include
Harkins, Hansens, West Branch, Galligans, Struve, and Watsonville Sloughs. Harkins Slough has the
largest drainage area of all the sloughs and therefore has the largest annual average flux of 3,000 AF. The
upper reaches of Harkins Slough originate in Larkin Valley and remain dry throughout most of the year
only flowing during and following storm events. In this region of the sloughs, the channel is heavily
overgrown and is mostly contained within a ditch along Larkin Valley Road. The lower portions of
Harkins Slough are flat with wide flood planes that are mainly contained in a north-south trending valley
located in the western region of the PVWMA service area.
Watsonville Slough has an annual average flux of 2,000 AF and receives flow from the Hansens, Struve,
and West Branch Slough. Just before Shell Road, Harkins Slough enters Watsonville Slough as a
tributary. In this area, the sloughs are generally shallow, open channels with broad floodplains that store,
convey, and drain precipitation and irrigation. Slough bottomlands typically contain water year-round,
but the slough system experiences great seasonal variation. Water balance indicates that monthly
outflows to the Pajaro River Lagoon may range from 1,800 AF in January to less than 100 AF in July
with the yearly total averaging 5,000 AF (AMBAG, June 1999).
Carneros Creek enters the southeastern boundary of the PVWMA service area and flows on an east-west
trend through the area south of the Pajaro River and discharges into Elkhorn Slough. In large part, this
creek and Elkhorn Slough define the southern boundary of the PVWMA service area. Carneros Creek
has an annual average discharge of 2,800 AF, which is the largest source of freshwater to the Elkhorn
Slough Watershed.
Historic streamflow data for the Pajaro River show wide fluctuations from year to year. Records are
available from 1940 to the present. Figure 2-3 shows annual streamflow values at Chittenden gage on the
Pajaro River. Flow on the Pajaro can be used as a proxy for the variation of flows in the local streams
because the same storm events are also providing inputs to the local surface water system. The annual
average surface runoff through these streams and sloughs, excluding the Pajaro River, is 24,070 AF
(AMBAG, July 1984).
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Figure 2-3: Annual Streamflow Pajaro River at Chittenden

Source: USGS website, http://www.usgs.gov.

2.3.2 Basin Rainfall
The mean annual precipitation varies significantly within the Pajaro Valley, primarily due to the influence
of the coastal mountain range. Rainfall is greater at higher elevations and generally decreases from north
to south, from the Corralitos area to the area around Elkhorn Slough in northern Monterey County. Mean
annual precipitation in the Santa Cruz Mountains on the northern and eastern boundaries of the PVWMA
ranges from about 35 to 40 inches. The mean annual precipitation within the Valley itself ranges from
more than 40 inches in the foothills of the Santa Cruz Mountains to 16 inches near the coast. The average
rainfall for the City of Watsonville is approximately 21.7 inches for a 60-year period of record.
Long-term hydrology data reveal a wide variation in the annual total rainfall. Like streamflow,
precipitation records are available from 1879 to the present. The streamflow and precipitation data sets
were used in the State of the Basin report to describe the long-term climatic trends and to evaluate the
hydrologic parameters used in the PVIGSM. Figure 2-4 shows that the annual precipitation values at the
Watsonville precipitation gage vary significantly from year to year.
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Figure 2-4: Annual Rainfall in Watsonville, CA

Source: USGS website, http://www.usgs.gov

The model includes data from five rainfall monitoring stations and four streamflow gauging stations.
Figure 2-4 indicates that the hydrologic period 1964–75 was relatively normal, followed by the 1976-77
drought. The 1978–81 hydrology appears to be normal, while the 1982–86 hydrology appears to be
above normal. The period 1987–92 was dry and the basin was undergoing an extended drought of
approximately similar magnitude to the 1976–77 drought, but longer in duration.
2.3.3 Basin Recharge
The primary sources of recharge to the Pajaro Valley groundwater basin are 1) infiltration of rainfall, 2)
seepage of streamflow from the Pajaro River and its tributaries, and 3) percolation of irrigation water.
The variation in precipitation and streamflow influences how and when the Pajaro Valley groundwater
basin is recharged. Groundwater recharge in winter is the result of complex interactions between soils,
geology, land cover, land slope, land use, and other physical conditions.
Early season rains and crop irrigation saturate the soil with water, making late-season storms more
effective in recharging groundwater supplies. Generally, mild storms of extended duration or relatively
frequent storms provide the greatest opportunity for groundwater recharge. Conversely, intense or
infrequent storms do little to recharge groundwater. Intense storms result in high runoff while infrequent,
widely distributed storms are utilized by native vegetation and soils do not become saturated, preventing
deep percolation into the aquifers.
Because Pajaro River and other local streamflows are not regulated, the majority of groundwater recharge
associated with streamflow typically occurs only during the winter or when streams are flowing. Runoff
from a large storm event can flow through the Pajaro River and its tributaries relatively quickly, limiting
the opportunity for groundwater recharge.
Although there is a large amount of groundwater storage in the Pajaro Valley groundwater basin, the
amount of water that can recharge the aquifer is limited by the Valley’s geologic conditions. Even in very
wet years, the Pajaro River and creeks such as the Corralitos and Salsipuedes provide only a limited
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percentage of water to groundwater storage in the basin because of the presence of the clay layers.
Recharge to the aquifers beneath the clay layers generally takes place in the eastern portions of the Basin,
where clay layers are not so prominent.
2.3.4 Modeling Approach and Results
In order to define the present state of the basin, a long-term hydrologic period that contains a sequence of
various rainfall conditions is required. This provides a good basis to evaluate the state of the basin during
critical drought conditions, when water supplies are stressed to the limit, as well as wet conditions, when
water supplies are more available and may operate under less stressful conditions.
The hydrologic period used for PVIGSM model calibration was 1964 – 1997. This hydrologic period was
selected due to the availability of a complete set of data, including rainfall, streamflow, groundwater
level, and cropping/land use data. Although hydrologic data are available after 1997, 1997 is the latest
year that complete land use and cropping information are available. This hydrologic period contains a
reasonable distribution of normal, above normal, and below normal conditions. This same hydrologic
period was also used to evaluate current conditions, referred to as baseline conditions, and the effects of
alternative management and project strategies on the groundwater system. The model runs for these
evaluations are initiated with the existing conditions, and the 1964 – 1997 monthly hydrologic cycle is
repeated once to create a 68-year hydrologic record for use in evaluating project scenarios.
Although the model period is represented by the 1964 to 1997 hydrologic data, the PVWMA is able to
extrapolate the model results to provide estimates of water use for water years 1998, 1999, and 2000.
Such extrapolations of the model results assume the cropping and land use, as well as cultural practices
such as irrigation efficiencies and numbers of crop rotations, are the same as was experienced in 1997.
2.3.5 Key Points
Key points of this section include:
•

Primary sources of recharge to the Pajaro Valley groundwater basin are: 1) infiltration from
rainfall, 2) seepage of streamflow from the Pajaro River and its tributaries, and 3) percolation of
irrigation water.

•

The Pajaro River is the most substantial source of surface inflow to the Pajaro Valley
groundwater basin.

•

The period of rainfall data used to calibrate the model was 1964 to 1997 because this period
contained a representative distribution of normal, wet, and dry years.

•

The mean annual precipitation within the Pajaro Valley varies significantly with location. Areas
near the coast receive notably less rainfall than inland areas near the mountains.
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2.4 Basin Groundwater Levels
This section describes the groundwater levels of the Pajaro Valley groundwater basin, building on
discussions of geology, hydrology, and water use in the preceding sections. Information on long-term
and recent groundwater levels simulated in the PVIGSM is confirmed with water-level data from the
PVWMA database. The groundwater levels are used to describe patterns of groundwater flow, changes in
groundwater storage, and the potential for seawater intrusion in the Pajaro Valley aquifers.
2.4.1 Background Groundwater Level Information
Groundwater levels in the basin vary annually depending on weather conditions, recharge, groundwater
pumping, and other factors. However, the Pajaro Valley groundwater levels have generally been in a
decreasing trend due to excessive groundwater pumping. The decrease in groundwater levels is not
uniform since hydrologic conditions and other factors affect groundwater levels. This is confirmed by
existing well data maintained by the PVWMA.
Historically, groundwater levels were higher than today in inland areas, and artesian conditions existed at
the coast. That is, groundwater levels were high enough in past years that groundwater surfaced in some
of the coastal areas. Under such conditions seawater intrusion was prevented. By the 1940s, following
the major development of groundwater resources to support a growing agricultural industry, some wells
were still artesian, but only during winter months. By the 1970s, water levels west of Watsonville were
consistently below sea level from approximately May to December, often never recovering to levels
above sea level, once again documenting the conditions necessary for the occurrence of seawater
intrusion.
The trend has been for water to move from the unconfined recharge areas near the Agency’s northern
boundary, east of Watsonville, and north Monterey County, toward the large pumping trough that forms
in the center of the valley near Watsonville, or toward the coast at the north end of the basin. In the south,
water typically moves from north Monterey County northeastward toward Pajaro Valley and westward
toward the coast. In the northern part of Pajaro Valley, water moves southeast from the Soquel/Aptos area
into the north part of the Pajaro Valley area, then south toward Watsonville and southwest toward
Monterey Bay.
Unfortunately, the trend has also been for a significant flow, over the entire observed period, of seawater
from the ocean toward the inland pumping trough that forms in the center of the valley.
2.4.2 Modeling Approach and Results
Well log data was used to create contour maps of simulated groundwater levels. Groundwater level
contours for fall 1987, 1992, and 1998 are shown in Figure 2-5; a contour elevation of 0 indicates mean
sea level. All three of these contour maps show a trough of low water levels extending from the coast,
inland to the mountains, centered on the Pajaro River channel. The groundwater levels in the southeast
region of the Basin decreased significantly between 1987 and 1998. Comparing these contour maps
indicates that the zones of suppressed groundwater levels have generally expanded.
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2.4.3 Key Points
Key points of this section include:
•

Groundwater levels in inland wells are declining over time, indicating that more water is removed
annually from the basin than is replaced.

•

Declining groundwater levels is a recent trend. Historically, coastal areas of the Pajaro Valley
were artesian and inland areas maintained higher groundwater levels.

•

Well data indicate depressed groundwater levels are expanding in the Pajaro Valley groundwater
aquifers and regularly fall below sea level, resulting in seawater intrusion.

•

Current wells levels at the coast are consistent with historic levels, but water in many wells is
becoming increasingly salty due to seawater intrusion.
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Figure 2-5: Groundwater Levels in the Pajaro Valley
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2.5 Seawater Intrusion
This section presents an introduction to the principles of seawater intrusion and their relevance to the
Pajaro Valley.
2.5.1 Principles of Seawater Intrusion
When groundwater levels near the coast fall below mean sea level, there is a natural physical tendency for
seawater to penetrate into the groundwater basin. The ocean pushes the more dense seawater inland to
raise the water table until it is equal to mean sea level. This is depicted in Figure 2-6.
Figure 2-6: Seawater Intrusion

Note: Modified from Environmental Engineering by Peavy, Rowe, and Tchobanoglous 1985.

Groundwater pumping in excess of groundwater recharge can enhance this natural tendency. As seawater
encroaches into the fresh groundwater basin, water quality is degraded and wells have to be abandoned.
This is depicted in Figure 2-7. If fresh water is not available for recharge, or if the groundwater table is
reduced to elevations below sea level, seawater will be drawn inland until equilibrium is restored. Unlike
freshwater levels in the groundwater basin that vary with the season and climatic trends, the ocean is a
constant source of recharge and the elevation varies only marginally with the tide. When inland pumping
causes the water level to drop (see Figure 2-7a), pressure throughout the aquifer decreases (see Figure 27b) and equilibrium is restored via seawater intrusion (see Figure 2-7c). Thus, pumping throughout the
basin causes seawater intrusion along the coast.
2.5.2 Seawater Intrusion in the Pajaro Valley
The Pajaro Valley groundwater basin includes confined and unconfined aquifers and semi-confined
transition zones between the two, as described in the basin geology section. In the Pajaro Valley,
groundwater levels and pressure in confined aquifers is influenced both by the ocean and by the
groundwater level in inland areas. The Pajaro Valley groundwater basin is connected to the ocean, and
there are no seismic faults or barriers to prevent seawater intrusion.
The average concentration of chloride in seawater is 19,000 mg/L. Chloride levels exceeding 142 mg/L
will likely result in increasing problems for agricultural irrigation (California Regional Water Quality
Control Board, 1995). Increasing chloride concentration in groundwater well samples is an indication of
seawater intrusion. Chloride is useful for monitoring seawater intrusion because it is chemically stable
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and moves at the same rate as the intruding water. The horizontal migration of seawater occurs slowly
over time as seawater mixes with the fresh water as it moves inland. Initially, chloride concentrations
increase gradually. However, as the bulk of the seawater plume moves inland, chloride concentrations can
rise rapidly. Other chemical changes also occur over this mixing zone, and can assist in interpreting the
sources of the observed chlorides. Based on background chloride concentrations in groundwater from
inland groundwater recharge areas, it has been determined that chloride levels exceeding 100 mg/L in
coastal wells indicate seawater intrusion (U.S. Geological Survey, 1974).
Well data from 1998 generally indicate that inland seawater intrusion is more extensive than previously
reported. In the La Selva Beach area, the size of the existing intruded area has tripled compared to
conditions in late 1979. The intruded area extends approximately 0.75 miles inland and is 2 miles wide.
The intrusion zone near the mouth of the Pajaro River extends inland approximately 1.5 miles and is
approximately 3 miles wide. Figure 2-8 shows the coastal area that has been impacted by seawater
intrusion, along with the changes in chloride concentrations versus time for selected wells.
A number of deeper wells have shown substantial increases in chloride concentrations in recent years
indicating that the volume of fresh water displaced in the intruded area is increasing. Chloride levels are
generally highest in the deeper confined aquifers consisting of Aromas Sand and the Purisima, with
values ranging from 200 to 8,500 mg/L. In contrast, shallow wells tend to have lower chloride levels (50
to 500 mg/L), and a number of neighboring shallow wells show marked differences in chloride levels.
The data indicate that seawater is intruding along the coast in the middle and lower portions of the
Aromas sands and that poor-quality water is present in the deeper zones. This implies that as intrusion
moves inland and wells are lost to seawater impacts, the option of drilling deeper for better water is
probably not a viable option.
Water quality impacts due to seawater intrusion and other groundwater contaminants are discussed in
Section 2.9.
2.5.3 Key Points
Key points of this section include:
•

In those areas that have relatively stable water levels, the stability is provided in part by seawater
intrusion, the inland migration of seawater that replaces freshwater. The relative stability of the
groundwater levels near the coast masks the overdraft conditions.

•

The chloride levels in groundwater wells indicate the extent of seawater intrusion in the Pajaro
Valley groundwater basin is expanding.
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2.6 Land Use
The primary land uses within the Pajaro Valley are agricultural, native vegetation, native riparian and
urban land uses such as commercial, industrial, and residential. Native vegetation and agricultural land
are the major designations throughout the basin, while urban use is primarily located within or adjacent to
the City of Watsonville.
2.6.1 Historic Land Use
The Department of Water Resources (DWR) conducts land use surveys for all California counties.
Surveys are typically performed approximately every seven years and consist of aerial surveys followed
by field verification. Data from these surveys were collected for Monterey and Santa Cruz Counties for
1966, 1975, 1982, 1989, and 1997. Data within the PVWMA boundary are presented in Table 2-2.
Table 2-2: Summary of Land Use (Model Area)
Land Use Type
Total Agricultural Acreage
Urban Acreage

Acreage
1966

1975

1982

1989

1997

30,448

33,409

31,516

34,463

34,650

4,757

6,688

8,018

8,384

12,860

Native Vegetation
61,301
56,409
56,972
53,659
48,996
Source: Modified from PVIGSM Technical Memoranda (Montgomery Watson/AT Associates, 1999-2000).
Note: Acreages shown are for modeled area, which is greater than the PVWMA service area. In 1997, approximately 30,200
acres of irrigated agricultural land were within the PVWMA service area.

Historic Urban Land Use:
Urban land use increases shown in Table 2-2 have generally resulted from the conversion of native
vegetation land, not agricultural land. As shown, urban land use increases consistently from only 4,800
acres in 1966 to nearly 12,900 acres in 1997. This increase reflects general population growth trends
throughout the State of California over the last several decades.
Historic Agricultural Land Use:
DWR land use data were analyzed to determine historical land use changes in the basin. As shown in
Table 2-2, between 1966 and 1975, agricultural land use increased by approximately 3,000 acres in the
Pajaro Basin area. From 1975 to 1989, agricultural land use in the Basin increased by approximately
1,100 acres. However, from 1989 to 1997, agricultural land use in the Pajaro Basin increased by less than
200 acres (Montgomery Watson/AT Associates, 1999-2000).
An understanding of the historical land use conditions and cropping patterns is necessary to develop an
understanding of the historic water use patterns. These data are also utilized to develop and calibrate the
PVIGSM. Table 2-3 shows how total acreage breaks down by crop type, and the changes in crop types
planted in the Pajaro Valley Model Area over the last 30 years. Since the PVIGSM requires crop mix
acreage for each year of the historic record utilized in the model, the annual crop mix acreage has been
estimated by linear interpolation between each survey year.
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Table 2-3: Summary of Agricultural Land Use (Model Area)
Crop Type

1966

1975

Acreage
1982

1989

1997

Strawberry
1,754
4,372
5,974
6,514
7,004
Irrigated Fallow
4,384
3,911
3,133
3,906
4,182
Vine (bushberries, grape, etc)
22
0
505
1,512
1,652
Vegetable Row Crops
14,612
13,038
10,442
13,020
13,940
Field Crops
647
1,170
1,724
908
644
Deciduous
7,516
8,578
7,434
5,729
3,892
Pasture
1,175
1,780
1,004
894
1,227
Nursery
237
392
910
1,386
1,476
Nursery-indoor
101
168
390
594
633
Total Agricultural Acreage
30,448
33,409
31,516
34,463
34,650
Source: Modified from PVIGSM Technical Memoranda (Montgomery Watson/AT Associates, 1999-2000).
Note: Acreages shown are for modeled area, which is greater than the PVWMA service area. In 1997, approximately 30,200
acres of irrigated agricultural land were within the PVWMA service area.

2.6.2 Current Land Use
Land use within the Pajaro Valley is primarily agricultural. Figure 2-9 shows the 1997 breakdown for the
land uses within the PVWMA service area. The 1997 data were used as input parameters for the PVIGSM
Baseline Conditions.
2.6.3 Future Land Use
Future land use in the PVMWA service area is under the jurisdiction of County and City planning
documents. The adopted Santa Cruz County General Plan, Local Coastal Plan, and the City of
Watsonville General Plan presents limited information on the future land use within the PVMWA area.
The Monterey County General Plan expired in 2000, and is presently being updated. Regions of native
vegetation are potential areas for urban or agriculture development. According to topographic maps, a
majority of the designated native vegetation areas include steep sloped terrain, which is likely to be
unsuitable for agriculture.
Future Urban Land Use:
As shown in Table 2-2, urban land use in the Pajaro Valley has increased from approximately 4,800 acres
in 1966 to 12,900 acres in 1997. Native vegetation, however, still remains the predominant land use, and
the amount of native vegetation represents potential land for urban build-out, except as constrained by the
General Plans of Monterey, Santa Cruz and San Benito Counties, and the City of Watsonville.
Additionally, agricultural land could be rezoned for urban development. However, considering current
policies to protect agricultural land it is assumed that minimal agricultural acreage would be rezoned to
urban land use.
Urban population growth will affect the Pajaro Valley by causing the conversion of more native
vegetation to urban land (new development) and/or by increasing population density on existing urban
land (infill). While studies have been undertaken to project the urban population of the Pajaro Valley in
the future, it is undetermined whether the majority of the growth will be infill or new development.
Without this correlation between population growth and urban land use increase, and in the absence of an
updated General Plan for Monterey County, a projected urban land use cannot be determined. Population
studies are discussed in Section 2.7.3 “Future Water Use.”
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Future Agricultural Land Use:
Based on the historic data in Table 2-3 and Section 2.6.1, the total agricultural land area has remained
relatively constant from 1989 onward. For the purposes of land use projections, it is assumed that
agricultural land use will remain constant. However, there have been significant shifts in the types of
crops grown in the valley. Most apparent are the increases in nursery, strawberry, and vine crops. Detailed
economic and marketing surveys have not been conducted and therefore it is not certain whether the shift
to high water use crops will continue. For the purposes of the Revised BMP, it is assumed that
approximately 2,000 acres of deciduous crops will be converted to berry crops by 2040, equally
distributed between strawberry and raspberry crops.
2.6.4 Key Points
•

Land use surveys indicate that both agricultural and urban land use increased
significantly in the past 30 years.

•

Agricultural development has leveled off in recent years, but urban acreage has increased.

•

Urban development has come primarily from conversion of native vegetation land, with a
small increase due to conversion of agricultural land. However, future urban growth due
to conversion of agricultural land is expected to be low.

•

Over the past three decades, there has been a shift in the agricultural crop mixes planted
in the Pajaro Valley. There has been a general increasing trend in growing strawberries,
vines, and bushberries (all relatively high users of water), with a corresponding decrease
in deciduous crops.

2.7 Water Use
The purpose of this section is to describe the methodology used for estimating the amount and location of
current and projected water use. There are two main categories of water use. Agricultural water use
consists of irrigation water only. Urban water use, for the purposes of this document, includes all
household water consumption as well as commercial and industrial water use. Because agriculture is the
main source of livelihood within the Pajaro Valley, commercial and industrial water use is relatively low.
Therefore, urban water use is considered to be a function of population.
2.7.1 Historic Water Use
The water use within the PVWMA service area is made up of both urban and agricultural water use.
Historic urban water use is based heavily on historic data, while historic agricultural water use is based on
PVIGSM model simulations.
Historic Urban Water Use:
The urban water use in the Pajaro Valley consists of the municipal, commercial, and industrial water use
within the City of Watsonville service area and the unincorporated and rural areas (i.e. all non-agricultural
water use).
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The urban water use estimates are taken from City of Watsonville groundwater production records plus
historic urban acreage multiplied by average water duties for unincorporated areas. Figure 2-10 is a plot
of historic urban water use, indicating a steady increase from approximately 7,000 AF in 1964 to an
estimated 13,000 AF in 1997, an increase of approximately 86 percent over 34 years.
Figure 2-10: Pajaro Valley Historic Urban Water Use
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Source: Modified from PVIGSM Technical Memoranda, Montgomery Watson/AT Associates, 1999-2000.

Historic Agricultural Water Use:
In the past, it was not required that wells in the PVWMA service area be metered. A metering program
was established by the PVWMA in 1993, with actual metering being initiated in 1995. Since historical
groundwater pumping records from the metering program are not available prior to 1995, the PVIGSM
was used to estimate historic agricultural water use. In order to simulate water use patterns, historic crop
type data were collected from the DWR crop surveys for the PVIGSM model area. Each agricultural acre
was assigned a total demand based upon the approximate water application rates for its crop type, from
low water use for deciduous crops to high water use for berry crops.
Water use factors were estimated by the consumptive use methodology. This method uses irrigated
acreage, effective rainfall, minimum soil moisture, crop evapotranspiration, irrigation efficiency, cultural
practices, and marketing factors to estimate the agricultural water use requirements. The crop water use
factors were applied to the historic land use and cropping acreages to estimate the historic annual
agricultural demand for the model period.
The model was then run with current (1997) cropping and irrigation patterns and historic hydrologic data
records. The location, capacity, and depth of agricultural production wells were also simulated in the
model based on the cropping patterns and geology described in the previous sections and from PVWMA
well information. Figure 2-11 shows the model-simulated annual variation of the agricultural water
pumped during the historic hydrologic period of 1964-97.
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As indicated in the figure, there has been an increasing trend in the agricultural water use estimates, due
to the buildup in the irrigated acreage and crop changes. The agricultural water use is estimated to have
been approximately 45,000 AF in 1964, and 66,000 AF in 1997. A shift in the cropping patterns is likely
the primary cause for the increase in groundwater use, but higher irrigation efficiencies and increasing
awareness of conservation programs have helped to reduce the unit water use during recent years. The net
effect, however, has been an increase in the volume of groundwater being pumped for irrigation purposes.
Figure 2-11: Pajaro Valley Historic Annual Agricultural Water Use
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Source: Modified from PVIGSM Technical Memoranda, Montgomery Watson/AT Associates, 1999-2000.

2.7.2 Current Water Use
With the exception of approximately 1,000 AFY of surface water diversion by farmers and 1,100 AFY of
surface water diversion at the Corralitos Creek Filter Plant (1997-2000 average) for City of Watsonville
water users, the water needs of the Pajaro Valley are met by groundwater pumping. Estimated average
current water use is within the PVWMA service area is approximately 71,500 AFY.
Current Urban Water Use:
Current urban water use is assumed to be consistent with recent estimates. The urban water use for the
baseline condition is based on the monthly average urban water use during the 1994 – 97 hydrologic
period (see Figure 2-10). The baseline urban water use is estimated to be approximately 12,200 AFY.
Current Agricultural Water Use:
The agricultural water use for the baseline condition was determined by a method similar to that used for
historic estimations. Existing land use patterns and cultural practices such as crop rotations and
conservation practices were held constant. The historic hydrologic data were used in the model to
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determine how much of the agricultural water demand was provided by the natural hydrologic cycle and
how much groundwater pumping would have been required to meet the crop water needs. This analysis
forms the basis for understanding the agricultural water pumping required for existing cropping patterns,
assuming a replication of historic hydrologic conditions. The selected hydrologic data set accounts for
average, wet, and dry years, as discussed in Section 2.7.1. The average water use resulting from this
simulation, 59,300 AFY, is the baseline agricultural water use in the PVIGSM model.
2.7.3 Future Water Use
Future water use was determined based on available and adopted land use data, historic trends, and
growth projections. All water use was projected to the year 2040.
Future Urban Water Use:
Future urban water use was estimated on the basis of population projections. The PVWMA service area
population is largely concentrated in the City of Watsonville, which had a 2000 population of 44,300
(U.S. Census Bureau website). Unincorporated areas of the PVWMA service area include the
communities of Pajaro, Aromas, Freedom, Corralitos, and Los Lomas. These unincorporated
communities have a combined estimated 2000 population of 38,700 (Montgomery Watson, November
1993). Hence, the total population in the PVWMA service area was estimated to be 82,900 in 2000.
The PVWMA service area spans parts of Monterey and Santa Cruz counties. County General Plans are
the preferred source for population projections. However, it is difficult to use these as a source of
population projections for the Pajaro Valley. The Monterey County General Plan was last updated in 1982
and contained population projections through the year 2000, whereas the Santa Cruz County General Plan
was last updated in 1994 and only included population estimates through 1995. Given the abovedescribed shortcomings in the General Plans, population was projected using Association of Monterey
Bay Area Governments (AMBAG) projections. AMBAG projects population to 2020 for urban centers,
including Watsonville. Although the 2000 AMBAG population for the City of Watsonville is a forecast
from 1997, it is very close to the actual 2000 Census data.
Table 2-4 shows the method by which PVWMA population was projected to the year 2040. The baseline
urban population described above (82,900) was projected forward using the percent growth estimated by
AMBAG for Watsonville. The PVWMA growth rate from 2000 to 2005 was assumed to be consistent
with AMBAG 2005 to 2010 estimates as AMBAG population projections for 2005 to 2010 included
annexation of lands by the City of Watsonville. The growth rate from 2020 to 2040 was assumed to
remain consistent with the AMBAG projected growth from 2015 to 2020. According to the analysis, the
total urban population could increase by approximately 49 percent to 109,600 people in 2040. However,
this does not consider potential PVWMA measures, such as water pricing, which could limit urban
growth through economic pressure.
Although future population increases will be guided by adopted land use, potential future urban water use
was determined as a function of future urban population. The existing Pajaro Valley population (82,900)
and the existing urban water use (12,200 AFY) yield a water use of 131 gpd per capita1. Using this water
use estimate, a projected population of 109,600 people in 2040 could result in an urban water use of
approximately 16,100 AFY, which is an increase of 3,900 AFY.
1

131 gpd per capita is an equivalent per person water use including commercial and industrial use. Future
projections using this value assume that commercial and industrial water use is scaled uniformly with population
growth.
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Table 2-4: PVWMA Population Projections and Urban Water Use
Year

AMBAG
Watsonvillea

PVWMA
Populationb,c,d

Urban
Water Usee
12,200

2000
43,620
82,921
2005
50,495
85,197
12,535
2010
51,881
87,536
12,879
2015
53,816
90,800
13,359
2020
55,875
94,274
13,870
2025
No data
97,881
14,401
2030
No data
101,626
14,952
2035
No data
105,514
15,524
2040
16,118
No data
109,551
Footnotes:
a. Watsonville population projections taken from AMBAG website: http://www.ambag.org/popchart.html
b. The annual growth rate was calculated based on AMBAG projections and applied to the projected PVWMA population.
Growth rate for 2020 to 2040 was assumed to be equivalent to the change from 2015 to 2020.
c. The year 2000 PVWMA population estimate was based on 2000 Census Data from the U.S. Census Bureau and estimated
population of unincorporated areas from the 1993 Basin Management Plan (Montgomery Watson, 1993).
d. The relatively large increase in AMBAG population estimate from 2000 to 2005 is a result of annexed areas by the City of
Watsonville. Therefore the 5-year growth rate of the PVWMA population from 2000 to 2005 was estimated according to the
AMBAG 2005 to 2010 growth rate.
e. Urban water use factor of 131 gpd per capita was used to determine urban water use.

Future Agricultural Water Use:
Future agricultural water use was determined based upon the projected future agricultural land use as
described in Section 2.6.3. As stated previously, this Revised BMP assumes that approximately 2,000
acres of deciduous crops will be converted to berry crops by 2040. The water demands for these crops are
higher, approximately 2.8 AF/acre for strawberries and 3.7 AF/acre for raspberries, compared to
approximately 0.7 AF/acre for deciduous crops (Bogenholm, 1998). Assuming conversion of 1,000 acres
each to strawberry and raspberry crops, a 5,100 AFY increase in water use is estimated based on water
application rates for these crops. On this basis, the projected agricultural water demand within PVWMA’s
service area increases from 59,300 AFY to 64,400 AFY by 2040. The impact of demand management
measures on agricultural water use is discussed in Section 3.1.
2.7.4 Key Points
Key points of this section are summarized in Table 2-5.
Table 2-5: Current and Future Water Demand and Groundwater Pumping
Water Usage

Current Demand (AFY)

2040 Demand (AFY)

Agricultural
59,300
64,400
Urban
12,200
16,100
Total Demand
71,500
80,500
Corralitos Filter Plant
(1,100)
(1,100)
Other Surface Water Diversions
(1,000)
(1,000)
Total Groundwater Pumpinga
69,000 (rounded)
78,000 (rounded)
Footnotes:
a. Total Groundwater Pumping values are rounded to two significant figures or to the nearest thousand to represent significant
accuracy.
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•

Water use in the PVWMA area is expected to increase by 9,000 AFY by 2040. This is a
significant increase considering the current basin imbalance and water issues. Even if future
water use were to increase by only half of this projection, the PVMWA would still face a
significant increase of 4,500 AFY.

•

The Pajaro groundwater basin extends beyond the PVMWA boundary and is a shared basin with
other local water agencies. Therefore, PVWMA groundwater supply is impacted by water use
outside of the PVMWA boundary but within the Pajaro groundwater basin. The Soquel Creek
Water District is once such agency that draws water from the Pajaro groundwater basin.
Therefore, increases in groundwater pumping by the Soquel Creek Water District could impact
the PVWMA groundwater supply.

2.8 Basin Sustainable Yield
Previous sections described the current and historical conditions in the Pajaro Valley groundwater basin
and how the basin operates as an integrated system that includes geology, hydrology, and groundwater.
Building on those basin conditions, this section presents results of the PVIGSM analysis of the basin
sustainable yield, also referred to as “safe yield.” Basin sustainable yield is defined as the long-term
amount of groundwater, which can be extracted from the aquifer system without causing an adverse
impact on the quantity and/or quality of the groundwater basin.
2.8.1 Discussion
The available data and technical analyses presented in previous sections confirm that suppressed
groundwater levels and seawater intrusion have adversely impacted the quantity and quality of Pajaro
Valley groundwater. Therefore, the sustainable yield of the Pajaro Valley groundwater basin must not
only balance supply with demand, but must also eliminate seawater intrusion and long-term decreases in
groundwater levels.
2.8.2 Determination of Sustainable Yield
Yield with Current Pumping Practices:
Modeling has shown that seawater intrusion is not uniform and that some areas along the coast are more
impacted than others. These results indicate that, under current pumping practices, a 65 percent reduction
in basin-wide groundwater pumping (45,000 AFY) is necessary to eliminate seawater intrusion
throughout the coastal area. This pumping reduction would also cause groundwater levels to rise
throughout the basin. Therefore, with basin-wide pumping reductions, the sustainable yield of the
groundwater basin is approximately 24,000 AFY (69,000 – 45,000 AFY). This yield is only one third of
the current average annual demand on groundwater supplies.
Yield with Modified Pumping Practices and Dependable Supplemental Supplies:
The PVIGSM was also used to investigate how pumping patterns could be modified to increase the
sustainable yield of the basin. One alternative evaluated by the model was the elimination of coastal
pumping. In this coastal scenario, the same volume of groundwater is extracted as with the basin-wide
reduction scenario, but all pumping would be eliminated at the coast. Without pumping at the coast,
recharge would eventually restore the groundwater table to its equilibrium at mean sea level, between the
inland pumping zone and Monterey Bay.
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The presence of the hydrostatic barrier, as shown in Figure 2-12 (b), reduces seawater intrusion. This
barrier would also result in an overall increase in the basin sustainable yield to 48,000 AFY, if a 100%
dependable supplemental water supply is used to meet water demand. Should highly variable sources be
used, sustainable yield would decrease because supplemental pumping would be required to provide
reliability to users in dry weather years. Extremely dependable sources, on the other hand, will result in a
higher basin sustainable yield because they minimize the need for supplemental pumping in dry weather
years.
Recommended Pumping Practices:
Because the sustainable yield of the basin with the elimination of coastal pumping is double that of the
basin-wide reduction scenario, this Revised BMP assumes that coastal pumping will be eliminated as part
of the PVWMA Basin Management Strategy. However, this necessitates a supplemental water supply and
the construction of a distribution network to supply coastal agricultural users with water. The
supplemental water supply projects and coastal distribution system are discussed in Section 4.
With the current groundwater demand of 69,000 AFY and a basin sustainable yield of 48,000 AFY,
21,000 AFY would still be needed to balance the basin. With a projected future groundwater demand of
78,000 AFY, 30,000 AFY would still be needed to balance the basin. This is summarized in Table 2-6.
Figure 2-12: Seawater Intrusion with Coastal Versus Inland Pumping

Note: Modified from Environmental Engineering by Peavy, Rowe, and Tchobanoglous 1985.
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2.8.3 Key Points
Key points of this section include:
•

A 65% basin-wide pumping reduction would result in a sustainable yield of approximately 24,000
AFY. Eliminating groundwater pumping at the coast with 100% reliable supplemental supplies
would result in a sustainable yield of approximately 48,000 AFY.

•

This report assumes coastal pumping will be eliminated, and this necessitates a supplemental
water supply and coastal distribution network.

•

The current PVWMA groundwater pumping demand of 69,000 AFY requires additional supplies
totaling 21,000 AFY. The projected demand for the year 2040 requires additional supplies
totaling 30,000 AFY.

Table 2-6: Identification of Required Supplemental Supplies
Current Conditions
(AFY)

2040 Conditions
(AFY)

Agricultural Demand

59,300

64,400

Urban Demand

12,200

16,100

Total Demand

71,500

80,500

Corralitos Filter Plant

(1,100)

(1,100)

(1,000)

(1,000)

69,000 (rounded)

78,000 (rounded)

(48,000)

(48,000)

Optimization Option

Other Surface Water Diversions
Total Groundwater Pumping

a

Basin Sustainable Yield with Coastal Pumping Reductions and
Reliable Supplemental Supplyb

Required Additional Supplies
21,000
30,000
Footnote:
a. Total Groundwater Pumping values are rounded to two significant figures or to the nearest thousand to represent significant
accuracy.
b. This value represents a 100% reliable supplemental supply. If supplemental supply projects were hydrologically dependent,
the basin sustainable yield would be less due to increased groundwater pumping during below normal water years.
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2.9 Water Quality
Water resources in the Pajaro Valley include both surface waters and groundwater. Currently,
groundwater is the predominant source for users. However, since surface waters are potential sources in
the future, it is important to understand the current state of general water quality in the Basin.
2.9.1 Constituents of Concern
Previous studies and surveys have identified the following as primary parameters of concern for irrigation
water quality in the Pajaro Valley (RMC, May, 2001):
•
•
•
•
•

Nitrates;
Salinity;
Sodium;
Toxicity from chloride and sodium; and
Crop pathogens, primarily Phytophthora.

CCRWQCB Irrigation Water Quality Guidelines. The Central Coast Regional Water Quality Control
Board (CCRWQCB) Basin Plan has developed water quality objectives for irrigation supplies. The
guidelines for the parameters of concern are shown in Table 2-7.
Agricultural practices in the Pajaro Valley may diverge somewhat from these guidelines through the use
of different indicators or slightly modified ranges of acceptability. Overall, however, the Pajaro Valley
growers are in general agreement regarding the water quality required to sustain agricultural production in
the Pajaro Valley. The following sections summarize the identified parameters of concern and associated
adverse impacts, as they are relevant to the Pajaro Valley.
Nitrates. Nitrate contamination is a major concern in drinking water sources in the Pajaro Valley
groundwater basin. Water high in nitrates is a threat to human and animal health, as it can cause acute
illness and can have adverse long-term health impacts resulting from prolonged exposure. Nitrate is
generally expressed as NO3 (nitrate) or NO3-N (nitrate-nitrogen). The EPA has set a Maximum
Contaminant Level (MCL) at 10mg/l NO3-N (EPA website). Because nitrates are contained in fertilizers
in relatively high quantities and agriculture is the main source of livelihood in the Pajaro Valley, nitrates
are routinely added to Basin soils. Nitrates are highly soluble and can easily leach into groundwater. They
may also be found in surface waters due to agricultural runoff. The transport of nitrates in groundwater is
generally limited by aquitards that separate the various aquifers.
Salinity. Electrical conductivity (ECw) and total dissolved solids (TDS) are measures of the total salt
content of the irrigation water. The salt tolerance of an agricultural crop is normally expressed as the
decrease in yield associated with a given level of soil salinity. The University of California and others
have studied crop salt tolerance and developed general relationships between irrigation water salinity, soil
salinity and crop yield. In general, irrigation water with a salinity value of less than 500 mg/L TDS is the
objective for delivery to local farmers. Some crops, such as strawberries, have a lower salt tolerance and
may require additional on-site water management measures to reduce salinity-related crop impacts.
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Table 2-7: CCRWQCB Irrigation Water Quality Guidelines
Problem and Related Constituent

Units

Water Quality Guidelines
No Problem
Increasing
Problems

Salinity
EC of irrigation water
mmho/cm
<0.75
Permeability
EC of irrigation water
mmho/cm
>0.5
SAR, adjusted
<6.0
Specific ion toxicity from root absorption
Sodium (evaluate by adjusted SAR)
<3
Chloride
mg/L
<142
Boron
mg/L
<0.5
Specific ion toxicity from foliar absorption (sprinklers)
Sodium
mg/L
<69
Chloride
mg/L
<106
Miscellaneous
NH4 – N
mg/L
<5
NO3 – N
mg/L
<5
HCO3 (only with overhead sprinklers)
mg/L
<90
PH
Normal range

Severe

0.75 - 3.0

>3.0

<0.5
6.0 – 9.0

<0.2
>9.0

3.0 – 9.0
142 - 355
0.5 – 2.0

>9.0
>355
2.0 – 10.0

>69
>106

---

5 – 30
5 – 30
90 – 520
6.5 – 8.4

>30
>30
>520
--

Source: Regional Water Quality Control Board, 1994.

Sodium. The adjusted Sodium Adsorption Ration (SAR) is a measure of the sodium hazard to crops and
soils due to irrigation water. In addition to sodium concentrations, the adjusted SAR considers the impact
of irrigation water salinity and bicarbonates. Bicarbonates in irrigation water are potentially harmful to
the soils because they may precipitate calcium from the cation exchange complex in the form of relatively
insoluble calcium carbonate. As exchangeable calcium is lost from the soil, the relative proportion of
sodium is increased with a corresponding increase in the sodium hazard.
Irrigation water that is high in sodium may also lead to a reduction in soil permeability, especially when
applied to fine-textured (clayey) soils that already experience drainage problems. Soils of this type are
found along the Pajaro River near the ocean. Applying irrigation water with an adjusted SAR below 6.0
does not usually affect the permeability of a soil.
Chloride and Sodium Toxicity. Irrigation water supplied with high levels of chloride and sodium can
cause root and foliar absorption.
Crop yield may be impacted from root absorption when the adjusted SAR exceeds 3.0, or when the
chloride concentration exceeds 142 mg/L. The toxic affects from these constituents usually occur on
woody perennial plants. Annual crops are usually tolerant to these constituents, except for strawberries
which, based on limited data, are considered to be relatively sensitive. Soil conditions and irrigation
management may affect these threshold levels. Even though few data exist to fully assess the potential
impact, these threshold levels should be considered when considering the potential hazard to crop
production from root absorption of these constituents.
Crop damage can occur from foliar absorption of sodium and chloride associated with sprinkler irrigation.
Irrigation with impact heads allows the irrigation water to come into contact with the crop foliage whereas
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drip irrigation applies water directly to the soil. As with root absorption, annual crops are generally
tolerant to foliar absorption, but strawberries would be considered somewhat sensitive. Because drip
irrigation is the prevalent method of irrigating strawberries in the Pajaro Valley, potential crop damage
from foliar absorption is not expected to be an issue. Additionally, the water quality guidelines to
minimize potential root absorption impacts are similar in nature to the guidelines that minimize foliar
absorption; therefore, any measures implemented to protect crops from root absorption will
simultaneously reduce the potential for foliar absorption.
Pathogens. Current agricultural practices in the Pajaro Valley include the use of the soil fumigant methyl
bromide to control weeds and pathogens, including Phytophthora. Phytophthora are of concern because it
can cause crown rot and root rot, which greatly reduce the plants’ ability to absorb water and nutrients
(CH2M Hill, April 1999). Phytophthora has been eliminated from commercial strawberries, raspberries,
and apple orchards in the Pajaro Valley through the use of methyl bromide. However, it is expected that
this fumigant will be banned by the year 2005.
Phytophthora can be readily controlled by crop cultural/management approaches, such as:
•
•
•
•
•
•

Planting crops on well drained soils and using raised beds to facilitate drainage;
Periodic land leveling to avoid low areas within the field where drainage may become a
problem;
Using resistant varieties/rootstocks;
Planting disease-free nursery stock;
Careful irrigation management to avoid excessively wet soil conditions and plant moisture
stress; and
Maintenance of soil pH above 7.0.

Vegetable row crops produced in the Pajaro Valley do not seem to be impacted by Phytophthora-related
production problems, and PVWMA vegetable crop growers have not identified Phytophthora
contamination as a concern.
Pajaro Water Quality Guidelines. Due to the adverse impacts associated with poor water quality
discussed above, it is important that Pajaro citizens have access to water that meets certain standards. For
optimal crop yield and minimal health impacts, water must not exceed the threshold values of 10 mg/L
NO3-N, 500 mg/L TDS, 142 mg/L chloride, or an adjusted SAR of 3.0. Although measured in different
units, these standards are similar to the guidelines put forth by the CCRWQCB.
2.9.2 Current Water Quality in the Pajaro Valley
Following is a description of water quality in the Pajaro Valley as it relates to the parameters of concern
discussed in the previous section. The surface waters described below are generally of usable quality for
irrigation and, in some instances, are of higher quality than groundwater supplies. However, most of the
surface waters within then Pajaro Valley do experience seasonal water quality concerns. Unless
otherwise noted, the source of this information is the 1999 AMBAG Watershed Water Quality
Management Plan. Brief discussions are provided for:
•
•
•
•
•

The Pajaro River;
Corralitos Creek;
Harkins/Watsonville Slough;
College Lake; and
Pajaro Valley Groundwater.
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Pajaro River. Pajaro River water is a potential usable water supply. However, seasonal water quality
concerns include nitrates, salinity, chloride, and Phytophthora. Nitrate concentrations vary depending
upon location. The lowest nitrate levels are consistently at the furthest upstream monitoring stations,
while nitrate levels near the coast have been measured at very high levels. Nitrates also vary seasonally
from 0.5 to 10.2 mg-N/L, with the highest concentrations occurring in the late spring through summer
months. Thus, in low flow conditions, nitrates level can approach the health related maximum of 10 mgN/L. High salinity is indicated by elevated TDS levels in the lower Pajaro River, where the waters are
subject to tidal flux. Salinity levels further upstream can also be quite high, particularly during low flow
conditions. The Pajaro River at the Chittenden gauging station has reported higher levels of sodium than
other surface water streams within the Pajaro River watershed. Chloride concentration is a potential
problem as chloride is the constituent most likely to increase with growing urbanization. Phytophthora
are also present in the Pajaro River.
Corralitos Creek. Corralitos Creek water is a potential usable water supply that has some seasonal water
quality concerns. Like the Pajaro River, nitrate concentrations in Corralitos Creek vary seasonally,
ranging from 0.5 to 9.7 mg-N/L. Higher salinity is suggested by slightly elevated TDS values. Adjusted
SAR is generally acceptable. Phytophthora are present in Corralitos Creek.
Harkins/Watsonville Slough. Water quality parameters of concern for Watsonville and Harkins Slough
water include nitrates and the presence of Phytophthora. Elevated levels of nutrients, including nitrates,
are found in the slough system, and are suspected to contribute to the eutrophication problems that the
sloughs experience. In addition, water flow and circulation have been modified through channelization,
and construction of dikes and roads. This creates stagnant and slow-moving circulation conditions that
can exacerbate the existing water quality issues. Conductivity and adjusted SAR are generally acceptable
during winter months. Phytophthora are present in the Watsonville Slough System. However, similar to
other surface waters with the basin, these water quality concerns are seasonal in nature. Therefore,
diversions for the slough would provide usable supply for irrigation.
College Lake. Although College Lake water quality data are limited, available data suggest that
contaminant concentrations vary seasonally. During the first storm events of the season, runoff collected
in College Lake exhibits the highest values of TDS, nitrates, and other pollutants. Nitrate concentrations
and salinity have exceeded the MCL and target delivery concentrations, respectively, during this initial
flush. Dilution occurs through the rainy season. College Lake water is a potential useable supply as
seasonal dilution typically improves water quality to meet the irrigation water quality objective.
Phytophthora are present in College Lake.
Pajaro Valley Groundwater. Groundwater quality within the major aquifers of the Pajaro Valley is
influenced by factors related to hydrology, geochemistry, well construction, groundwater pumping, and
land use. Seawater intrusion leads to high levels of salinity within some of the coastal groundwater
aquifers. Well data generally indicate that regions of high salinity have been expanding over the past
decades. High chlorides are found at the deepest levels of the Aromas sands formation at the coast. This
limits the ability to drill to the deeper Purisima formations to obtain fresh water as seawater intrusion
degrades the upper aquifers. Also of concern is groundwater quality in the Murphy Crossing area, which
is of relatively poor water quality as TDS concentrations and other constituents exceed the irrigation
water quality objective.
Nitrate contamination has been identified as a problem in areas of high residential septic-tank density and
in some areas recharged by the Pajaro River. In addition, since nitrate contamination is generally
associated with surface sources of pollutants, areas with shallow perched water table aquifers or
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unconfined aquifers are generally more susceptible to long-term increases in nitrate levels. Nitrate
concentrations in excess of drinking-water standards have been observed from a large number of
irrigation wells.
Phytophthora are not present in the groundwater. Infiltration testing suggests that percolation of water
into the groundwater basin is an efficient Phytophthora removal mechanism (CH2M Hill, April 1999).
In summary, the water quality in the Pajaro Valley is highly variable. However, taking into account these
variations, and in conjunction with varying levels of treatment, most of these water sources could be used
as irrigation water sources in the future.

2.10 Watershed Management Issues
Water quality is not a static problem. Hydrologic processes cycle water through various media, from
precipitation to surface water to groundwater. Poor quality water is not necessarily contained within
boundaries; often, water is the mechanism through which pollutants are transported. Applied irrigation
water may be transported as runoff to surface waters or may percolate to groundwater. Groundwater may
move into surface water bodies, and seawater may intrude into the fresh groundwater aquifers. Water is
rarely confined to a single location. Thus, water quality issues that affect one water body also become a
threat to neighboring water bodies.
Although the Pajaro Valley groundwater basin contains numerous aquifer layers that are generally
separated by clay layers, water transport between these layers is still feasible. Groundwater in different
confined aquifer layers is under varying amounts of pressure and groundwater will move from areas of
high pressure, to areas of lower pressure. Water can move vertically between aquifers, through naturally
occurring gaps in intervening clays, or along the casings of wells that penetrate more than one aquifer
zone. Additionally, abandoned wells with perforations at multiple aquifer elevations provide a transport
channel through which water can move. Thus, poor-quality water may migrate between formations. This
increases the concerns associated with seawater intrusion, as aquifers that underlie intruded aquifers can
be affected.
Due to poor water quality, the Pajaro River and several tributaries have been listed by the State Water
Resource Control Board as water quality-impaired streams for a number of different parameters,
including nutrients, sediment, and pesticides (AMBAG, June 1999). Section 303(d) of the Clean Water
Act requires the development of a Total Maximum Daily Load (TMDL) for any water body that is listed
as water quality-impaired. A TMDL is a maximum value of pollutant loading to a water body, determined
on a source-by-source basis. High priority TMDLs are set to be completed in 2001 and the medium
priority TMDLs are to be established by 2003 (AMBAG, June 1999). The TMDLs will be used to initiate
basin-wide corrective actions.

2.11 Description of Problem to be Solved
The major problem in the Pajaro Valley is an imbalance of water use and sustainable water supplies. This
imbalance then results in a decrease in groundwater elevations, which causes seawater intrusion in the
coastal region.
2.11.1 Current and Future Basin Deficit
Under current basin management conditions (i.e. rate of well pumping, well locations, and irrigation
practices), the basin sustainable yield is approximately 24,000 AFY. With average groundwater use
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estimated to be approximately 69,000 AFY, the basin deficit is 45,000 AFY as shown in Table 2-8.
Under projected 2040 future water use and assuming current sustainable yield, the basin deficit would
increase to 54,000 AFY. To balance the basin and eliminate seawater intrusion, this deficit must be
eliminated. There are three strategies that can be implemented to attain basin balance:
1. Optimize current water supplies by increasing their yield, or by decreasing demand for
them;
2. Develop new, additional water supplies to meet total demand; or
3. Use a combination of the above to balance demand and supply.
Table 2-8: Current and Future Basin Water Use and Current Sustainable Supply
Demand

Current Conditions (AFY)

Future Conditions (AFY)

Agricultural Demand
59,300
64,400
Urban Demand
12,200
16,100
Total Demand
71,500
80,500
Corralitos Filter Plant
(1,100)
(1,100)
Other Surface Water Diversions
(1,000)
(1,000)
Total Groundwater Pumpinga
69,000 (rounded)
78,000 (rounded)
Current Basin Sustainable Yieldb
(24,000)
(24,000)
Current Basin Deficitc
45,000
54,000
Footnotes:
a. Total Groundwater Pumping Demand values are rounded to two significant figures or to the nearest thousand to represent
significant accuracy.
b. Current sustainable yield assumes continuation of existing basin wide pumping practices.
c. Excludes potential effects of increased conservation measures. See Section 3 for description.

2.11.2 Water Quality Requirements
The water supplied to solve the basin balance problem must be suitable for its intended uses. Specific
water quality parameters of concern for irrigation include salinity, sodium hazard, chloride and sodium
toxicity, and pathogens. The tolerance of crops to various water quality constituents can vary by crop
type, and different varieties of the same crop can exhibit markedly different growth responses to waters of
similar quality. Crop tolerance to constituents in the irrigation water, soil conditions and prevailing
climate are important factors in assessing the suitability of a particular water for irrigation. The Revised
BMP irrigation water quality objective is summarized in Table 2-9.
Table 2-9: Revised BMP Irrigation Water Quality Objectives
Constituent
TDS
Adjusted SAR
NO3 – N
Chloride

Units
mg/L
mg/L
mg/L

Revised BMP Objective
500
3.0
10
140

