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EXECUTIVE SUMMARY 
INTRODUCTION 

The California Legislature passed the Sustainable Groundwater Management Act (SGMA) in 2014 in 
response to continued overdraft of California’s groundwater resources.  SGMA requires Groundwater 
Sustainability Agencies (GSAs) to prepare Groundwater Sustainability Plans (GSPs) to achieve sustainable 
groundwater conditions in medium and high priority groundwater basins and subbasins designated by 
the California Department of Water Resources (DWR).  SGMA defines sustainability as long-term 
management and use of a groundwater basin without “undesirable results.”  Undesirable results caused 
by over pumping include chronic decline of 
groundwater levels, reduction of groundwater 
storage, seawater intrusion, degraded groundwater 
quality, land subsidence or depletion of 
interconnected surface water.   

The 180/400 Foot Aquifer Subbasin (Subbasin) is one 
of 21 groundwater basins designated by DWR as 
critically overdrafted because chronic over-pumping 
in the inland part of the Subbasin has led to seawater 
intrusion.  The problem was first identified in the 1940s and has moved inland up to 7 miles in some 
areas.  Groundwater is an extremely important resource in the area, and the only source of water for 
the City of Marina.  Investigations by the Monterey County Water Resources Agency (MCWRA), the 
United States Geological Survey (USGS), a team of researchers from Stanford University and several local 
consultants have revealed that groundwater conditions in the nearshore area of the subbasin are more 
complex and dynamic than previously thought, and that local resources and water supplies could be at 
risk of damage from drawdown or further seawater intrusion if the appropriate local management 
actions are not taken.    

In response, the City formed the City of Marina Groundwater Sustainability Agency (MGSA) to prepare a 
GSP for an approximately 400-acre portion of the Subbasin within its jurisdiction (MGSA Area) that is not 
served by the Marina Coast Water District (MCWD).  MGSA has developed this locally-focused GSP to 
ensure sustainable groundwater management in the MGSA Area, as well as to support regional efforts 
to address seawater intrusion and other potential undesirable results, and return the Subbasin to 
sustainable groundwater management within 20 years, as required by SGMA.  MGSA will achieve this by 
supporting projects and management actions that will be implemented by Salinas Valley Basin 
Groundwater Sustainability Agency (SVBGSA) under its regional GSP that are aligned with MGSA’s 
sustainability goals, and by assuring that local groundwater resources are managed sustainably to 
protect both local and regional beneficial uses and users.   

MGSA is one of three GSAs in the Subbasin.  The Salinas Valley Basin GSA is currently preparing a GSP for 
the Subbasin.  MCWD GSA has responsibility to manage MCWD’s service areas in the Subbasin, and has 
entered into an agreement with SVBGSA to prepare the GSP for these areas.  MGSA has initiated 
negotiations with SVBGSA and MCWD GSA to enter into Coordination Agreements that will assure that 

GSA Jurisdictions 
in the Subbasin 
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the two GSPs developed for the Subbasin are implemented in a coordinated fashion that will result in 
basin-wide sustainable groundwater management.  [Update when agreements are executed.]  MGSA 
notes that on December 11, 2019, the Monterey County Board of Supervisors adopted Resolution 19-
171 to create a new GSA in an effort to become the “exclusive” GSA for the MGSA Area.  Pursuant to 
this resolution, County staff filed a GSA notification with DWR to become the GSA for the MGSA area, 
and on December 18, 2019, DWR posted the County’s notification and designated the County the 
“exclusive” GSA for the MGSA Area.  MGSA believes that these County actions and DWR’s designation 
are invalid and ineffective under SGMA.  On December 30, 2019, the City and MGSA filed litigation 
challenging these actions and decisions.  Since these matters are in litigation, MGSA does not address 
them further herein.   

PLAN AREA DESCRIPTION, LAND USE AND BENEFICIAL GROUNDWATER USES AND USERS 

The MGSA Area is located outside the Urban Growth 
Limits of the City of Marina and has a land use 
designation of Habitat Preserve and Other Open 
Space.  It is within the California Coastal Zone and  
contains unique Flandrian dune habitat and other 
habitat that is protected under the California Coastal 
Act, which supports special-status plant and animal 
species, and is considered an Environmentally 
Sensitive Habitat Area (ESHA).  The ownership is 
private, and the current use is sand mining at the 
CEMEX Lapis Plant site.  In 2017, after combined 
enforcement actions by the California Coastal 
Commission, the State Lands Commission and the 
City, a comprehensive settlement agreement was 
entered into with RMC Pacific Minerals, doing 
business as CEMEX, to end sand mining by December 
31, 2020.  RMC is thereafter required to 
decommission the plant and fully reclaim and restore 
the site.  The settlement also requires CEMEX to 
transfer the entire site, including the area where the 
proposed MPWSP slant wells would be located, at a reduced purchase price to a non-profit organization 
or government entity approved by the Coastal Commission and the City.  A deed restriction will be put in 
place to protect the property and limit its uses to public access, conservation, low-impact passive 
recreation, and public education.  These provisions will improve public access and enjoyment of the 
property and will provide benefits to site habitats, plants, and animals. 

Land use surrounding the MGSA Area includes open space and agricultural use to the east, the Salinas 
River and Salinas River National Wildlife Refuge to the north, and the City of Marina and coastal 
preserves and parks to the south.  Current groundwater pumping in the MGSA Area is limited to 
extraction of approximately 300 acre-feet/year (AFY) of saline groundwater for process use by CEMEX.  

MGSA 
Area and 
CEMEX 
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The proposed Monterey Peninsula Water Supply Project (MPWSP), a desalination plant with an 
estimated makeup water demand of approximately 17,400 AFY, would extract shallow groundwater 
from a series of slant wells near the shore of the MGSA Area, if it is fully permitted and implemented.  A 
test slant well pumping test was conducted at this location between April 2015 and February 2018, and 
extracted approximately 2,000 AFY of saline groundwater.  The extracted groundwater flowed radially to 
the well and included saline groundwater drawn into the MGSA Area from beneath the Pacific Ocean to 
the west, and a combination of saline groundwater and higher quality groundwater from inland aquifers 
within the Subbasin to the north, south and east.   

Beneficial groundwater uses in the region 
surrounding the MGSA Area include urban water 
demand in Marina, which is met solely by 
groundwater.  Groundwater in MCWD’s Central 
Marina service area is withdrawn from the Deep 
Aquifer (described below), which is not seawater 
intruded.  MCWD operates several supply wells for 
their Ord Community service area, which is further 
inland southeast of the MGSA Area, from shallower 
180/400-Foot Aquifers which are seawater intruded 
further north.  Other groundwater use in the area 
includes agricultural supply and small community and 
non-community water systems, but is relatively 
limited due to the effect of seawater intrusion in the area, and the fact that much of the area is provided 
with reclaimed wastewater as an alternative irrigation water supply as part of the Castroville Seawater 
Intrusion Project (CSIP).  However, as described further below, the aquifers east of the MGSA Area 
contain significant quantities of groundwater (estimated over 200,000 acre-feet) with concentrations of 
total dissolved solids (TDS) less than 3,000 milligrams per liter (mg/L).  Under State Water Resources 
Control Board (SWRCB) Resolution No. 88-63, this groundwater has a designated beneficial use as a 
source of municipal and domestic supply, and must 
be protected from further degradation under SWRCB 
Resolution No. 68-16.  These resolutions are part of 
the local Water Quality Control Plan (Basin Plan) 
administered by the Central Coast Regional Water 
Quality Control Board (RWQCB).   

An evaluation of groundwater-dependent 
ecosystems (GDEs) near the MGSA Area was 
conducted using the Natural Communities Commonly 
Associated with Groundwater dataset (NC Dataset) 
developed cooperatively by The Nature Conservancy 
(TNC) and DWR.  Potential GDEs identified in this 
dataset were evaluated using best practices 
recommended by TNC, and a number of GDEs that 

Regional 
Ground-water 
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are likely dependent on shallow groundwater in the Dune Sand Aquifer (described below) were 
identified as additional beneficial groundwater users.  These GDEs include a number of “vernal ponds,” 
which are unique coastal wetland communities protected under the California Coastal Act and 
management plans developed by the City of Marina and environmental stakeholders.  

BASIN SETTING AND HYDROGEOLOGIC CONCEPTUAL MODEL 

The MGSA Area covers about 400 acres at the 
western end of the 180/400 Foot Aquifer Subbasin.  
The Subbasin is at the northern, down-gradient end 
of the Salinas Valley Groundwater Basin, which is a 
90-mile-long alluvial basin underlying the elongated, 
intermountain valley of the Salinas River.  The valley 
is nestled between two mountain ranges in the 
California Coast Ranges, the Gabilan Range to the 
east and the Santa Lucia Range and Sierra de Salinas 
to the west.  The Salinas River flows northwesterly through Salinas Valley and empties into the Pacific 
Ocean in Monterey Bay north of the MGSA Area.  Elevations in the Subbasin range from about 500 feet 
above mean sea level (msl) along the Sierra de Salinas to sea level at Monterey Bay.  The Salinas River 
carries sand along the valley into the Pacific Ocean, where it is transported southward along the coast by 
longshore currents and blown onshore by coastal winds, forming a series of coastal dunes along the 
shore south of the Salinas River.  The MGSA Area encompasses an area of coastal dunes at the seaward 
edge of Salinas Valley on the north side of the City of Marina and south of the Salinas River.  The 
elevation within the MGSA Area ranges from about 100 feet above msl near the top of the coastal dunes 
to sea level at Monterey Bay.   

The Salinas River Valley Basin is a structural basin filled with river, floodplain, shoreline, and offshore 
gravel, sand, silt, and clay deposits.  Near the MGSA Area, shallow deposits include ancient dune sands 
south of the Salinas River, and river and flood plain 
deposits to the north.  Near the shore is an area of 
active dunes extending southward from the mouth of 
the Salinas River.  These surface deposits are 
underlain by a sequence of valley fill sediments 
consisting of interbedded coarse-grained river 
deposits, fine grained flood plain and basin deposits, 
and estuarine muds deposited during times when the 
lower portion of the valley was inundated by the 
ocean.  In the lower Salinas River Valley, these 
deposits reach a thickness of about 700 to 900 feet, 
and are underlain by the Purisima Formation, which 
consists of a complex series of interbedded marine 
shelf deposits ranging from coarse grained to fine 
grained that extends to a depth of over 2,000 feet.   

Groundwater 
Subbasins and 
Physical Setting 

Surficial 
Geologic 
Map 
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Previous studies in and around the MGSA Area provide detailed background information about the 
regional hydrostratigraphy.  A brief review of the hydrostratigraphy in the coastal region of interest is 
presented below.  The hydrologic units are discussed in order of highest to lowest elevation.   

• Dune Sand Aquifer (DSA).  The DSA is the uppermost aquifer in the vicinity of the MGSA Area 
and occurs in highly permeable dune sand deposits southwest of the Salinas River.  It is not 
known to be used as a water supply, but is of local importance due to its high rate of recharge, 
interaction with local GDEs, substantial storage of groundwater with designated beneficial use 
as a municipal or domestic supply, and importance in maintaining nearshore seawater intrusion 
dynamics.  It has a seaward gradient in the vicinity of the MGSA Area based on measurements in 
2017 and 2018. 

• Salinas Valley Aquitard (SVA).  The Salinas Valley Aquitard, and its stratigraphic equivalent, the 
Fort Ord-SVA, is a laterally clay-rich layer covering much of the Salinas Valley basin.  In the 
Salinas Valley basin, the SVA is thicker and relatively flat, while in the Fort Ord area, the SVA is 
higher in elevation and dips more steeply toward the coast.  Near the coast and south of the 
Salinas River, the SVA thins out, bringing the Dune Sand Aquifer and the underlying 180-Foot 
Aquifer into hydraulic connection.   

• 180-Foot Aquifer.  The 180-Foot Aquifer is the uppermost groundwater supply aquifer of 
regional importance throughout the Subbasin.  It is seawater intruded in the vicinity of the 
MGSA Area, but includes significant zones of groundwater with a designated beneficial use as a 
domestic and municipal supply in and near the MGSA Area.  It is used as a process water supply 
by the CEMEX plant and pumped by several municipal supply wells in the MCWD’s Ord 
Community service area.  The current gradient in this aquifer is landward.   

• 180/400-Foot Aquitard.  The 180/400-Foot Aquitard is a zone of “discontinuous aquifers and 
aquitards,” of which the aquitards, where present, separate the 180-Foot Aquifer from the 
underlying 400-Foot Aquifer.  The discontinuous nature of the 180/400-Foot Aquitard was 
documented in and near the MGSA Area by MCWRA (2017) and Gottschalk et al. (2018), among 
others, and a hydraulic connection between the 180-Foot and 400-Foot Aquifers in the vicinity 
of the MGSA area is substantiated by available hydrographs.   

• 400-Foot Aquifer.  This aquifer is regionally extensive and is composed mostly of sand in the 
area south of the Salinas River.  It is typically encountered at depths between 275 and 460 feet, 
and is correlated with the Aromas Sand and the upper portion of the Paso Robles Formation.  
Generally speaking, the 400-Foot Aquifer has a lower hydraulic head than the 180-Foot Aquifer.  
In some areas where the 180/400-Foot Aquitard is absent, saline groundwater has been 
documented to migrate vertically downwards into the 400-Foot Aquifer, deteriorating water 
quality in the 400-Foot Aquifer.  It is seawater intruded in the vicinity of the MGSA Area, but 
includes significant zones of groundwater with a designated beneficial use as a domestic and 
municipal supply in and near the MGSA Area.  It is used as a process water supply by the CEMEX 
plant and pumped by several municipal supply wells in the Ord Community area.  The current 
gradient in this aquifer is landward.   

• 400-Foot/Deep Aquitard.  Beneath the 400-Foot Aquifer is a sequence of low permeability units 
that comprise an aquitard that can be up to several hundred feet thick.  Interpretation of the 
thickness of this aquitard varies by location, and the stratigraphic interval has also been locally 
identified as containing transmissive aquifer units.  The behavior of wells in the Deep Aquifer 
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suggests that the 400-Foot/Deep Aquitard is leaky.  As such, while substantial units of low 
permeability exist within and beneath the lower portions of the upper aquifer system in the 
Paso Robles Formation, their regional continuity and competence are not well understood.    

• Deep Aquifer.  The deepest groundwater supply aquifer in the area is the Deep Aquifer.  It lies 
within the Purisima Formation and contains a system of aquifers and lower permeability 
sediments that extends to a depth of about 2,000 feet near the MGSA Area.  The Deep Aquifer is 
believed to be recharged by leakance from the overlying 400-Foot Aquifer.  It is not seawater 
intruded and currently provides the only source of municipal water supply for MCWD’s Central 
Marina service area.  The current data are insufficient to assess groundwater gradients within 
this aquifer system, but groundwater levels are below sea level and the Purisima Formation is 
believed to be exposed offshore in the Monterey Canyon.  Due to uncertainty in the 
competence of the aquitard that separates the Deep Aquifer from the seawater-intruded 400-
Foot Aquifer and the potential for seawater intrusion laterally from the west, Monterey County 
has prohibited the construction of new wells in this aquifer until more thorough characterization 
can be completed.     

The distribution of water quality impacts near the MGSA Area was investigated by a team of researchers 
from Stanford University in 2017 using Airborne Electromagnetics (AEM).  AEM relies on well-proven 
and long-established geophysical techniques, which have recently been deployed using helicopters.  It 
has been used in other SGMA studies in the state, is an integral part of the SWRCB Regional Monitoring 
Program for salinity mapping conducted by 
USGS in areas of oil and gas well stimulation, 
and is  proposed to be used for ongoing 
monitoring of seawater intrusion under the GSP 
adopted for the Santa Cruz Mid-County 
Groundwater Basin.  The AEM data were 
considered together with groundwater quality 
monitoring data and investigations performed 
by MCWRA and others to assess the aquifer 
stratigraphy, water quality, and interaction 
dynamics of seawater and groundwater with 
lower concentrations of TDS within the aquifers 
at the western edge of the 180/400 Foot 
Subbasin.   

The MGSA Area is at the seaward edge of the area affected by seawater intrusion in the 180-Foot and 
400-Foot Aquifers.  Seawater intrusion in the Salinas Valley Basin has been ongoing since at least the 
1940s, and its extent has been defined by the location of the 500 mg/L chloride isoconcentration 
contour, which is a concentration at which some beneficial uses begin to be affected.  However, 
substantial amounts of groundwater within the affected area still have beneficial uses – geophysical 
investigations and groundwater sampling have identified a large zone of groundwater in and beneath 
the Dune Sand Aquifer that contains less than 3,000 mg/L of TDS.  Water with TDS less than 3,000 mg/L 
has a designated use as a municipal and domestic water supply and its degradation is prohibited under 
State Water Resource Control Board resolutions; however, for water containing TDS or chloride in 
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excess of drinking water standards, treatment would be required prior to use.  This low-TDS 
groundwater zone is recharged through the Dune Sand Aquifer and extends downward into the 180-
Foot and 400-Foot Aquifers.  It is estimated to contain approximately 200,000 acre-feet of groundwater 
in the Dune Sand Aquifer alone.  

The 2017 AEM survey identified a saline 
groundwater wedge juxtaposed against a 
zone of lower TDS groundwater (<3,000 mg/L 
TDS) underlying the high recharge area in the 
dune sand deposits that occur between the 
MGSA Area and the Salinas River.  This 
interface between dense, saline groundwater 
and the low-TDS zone extends downward into 
the 180-Foot and 400-Foot Aquifers east of 
the MGSA Area.  The dynamics of such 
interfaces in coastal aquifers have been 
extensively studied since the late 19th 
century, and it has been determined that 
under equilibrium conditions the extent of 
saline water intrusion is directly proportional 
to the thickness of the overlying low-TDS 

water zone and the difference in density between the two zones.  This is known as the Ghyben Herzberg 
Relationship.  Groundwater flow is seaward in the overlying low TDS zone and discharges to the ocean, 
and flow is landward in the intruding saline groundwater wedge.  At the saline/low-TDS groundwater 
interface, the saline groundwater circulates and mixes with the over-riding low TDS groundwater.  
Although this equilibrium may have been disturbed at the MGSA Area by pumping of CEMEX well and 
the test slant well and by recharge of saline water in the CEMEX ponds, the geometry of a saline 
groundwater wedge dipping beneath an over-riding low-TDS zone is clearly identifiable and consistent 
with the Ghyben-Herzberg model.  

EXISTING CURRENT AND HISTORICAL GROUNDWATER CONDITIONS 

The primary feature documented by regional groundwater level monitoring conducted by MCWRA in 
both the 180-Foot/Shallow East Side Aquifers and 400-Foot/Deep East Side Aquifer maps is a 
groundwater depression located north of Salinas with groundwater elevations generally -80 to -120 feet 
msl.  Groundwater elevations are generally below sea level for most of the area covered by the maps 
extending back to 1994.  East of the MGSA Area groundwater elevations are generally interpreted to be 
-10 to -20 feet msl with some years as low as -30 feet msl.  The 2017 contour map for the 180-Foot 
Aquifer indicates an inland flow direction over a broad region surrounding the MGSA Area with a 
gradient of 0.0014.  A similar flow pattern is interpreted for the 400-Foot Aquifer, with a gradient of 
0.0013.  These groundwater flow data are based on widely spaced wells, and should be considered 
generalizations for the MGSA Area.   

AEM Profile of MGSA Area Showing 
Saline Groundwater Wedge 

Ghyben-Herzberg Relationship 
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Groundwater level monitoring data gathered by MCWRA indicate that groundwater levels in the Deep 
Aquifer have been declining since 2006 and are currently below sea level in some areas.  However, the 
data are insufficient to develop contour maps and interpret gradients in this heterogeneous aquifer 
system.   

To analyze local groundwater elevations and flow 
directions, groundwater elevations from the 
monitoring well network constructed for the 
MPWSP test slant well were assessed in the spring 
of 2015 before the start of test slant well pumping, 
in the spring of 2017 during test slant well pumping, 
and in the spring of 2018 after test slant well 
pumping had ceased.  The following conditions 
were observed: 

• An insufficient number of monitoring wells 
were constructed prior to the test slant well 
pumping test to allow reliable contouring. 

• The direction of groundwater movement in 
the Dune Sand Aquifer was toward the 
ocean to the west-northwest in March 2017 
with a gradient of about 0.0005.  All of the 
groundwater elevations were above sea 
level except in MW-1S, near the test slant 
well.  In April 2018, the groundwater flow 
direction was toward the ocean to the 
northwest with a gradient of about 0.0006.  
Near the coast in wells MW-1S and MW-3S, 
groundwater elevations increased by 
approximately 7 feet and 1 foot, 
respectively between March 2017 and April 
2018.  This may indicate the re-
establishment of a seepage face at the 
shoreline.   

• The direction of groundwater movement in 
the 180-Foot Aquifer was landward in 
March 2017 with an apparent groundwater 
divide (mound) beneath agricultural land 
east of the MGSA Area.  Gradients were 
northeast and southeast away from the 
divide.  The March 2017 gradient near the 
MGSA Area was about 0.0006.  In April 2018, an apparent mound was again observed east of 
the MGSA area, but its southeastern flank was not resolved by the data.  The gradient was about 
0.0009 in a landward direction.  Groundwater elevations were above sea level in the inland 
areas near the MGSA Area in both 2017 and 2018. 

March 2017 Groundwater 
Elevations 

400-Foot Aquifer 

Dune Sand Aquifer 

180-Foot Aquifer 
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• For March 2017 and April 2018, the direction of groundwater flow in the 400-Foot Aquifer was 
landward, and inland groundwater elevations were below sea level.  The gradient was east with 
a magnitude of approximately 0.0008 in March 2017, and east-southeast with a magnitude of 
0.0006 in April 2018.  A slight groundwater mound was present beneath the agricultural land 
east of the MGSA Area. 

Aside from the impacts of seawater intrusion, groundwater quality in the MGSA Area does not appear to 
be impacted by point- or non-point sources of pollution.  Nitrate concentrations exceeded the Maximum 
Contaminant Levels (MCLs) for drinking water during one of 13 sampling events of the CEMEX well, but 
groundwater was being used only for process water purposes.  Nitrate concentrations in shallow 
groundwater underlying the agricultural areas east of the MGSA Area are reported to be close to or 
exceeding the MCL at a number of locations.  Several closed leaking underground storage tank sites are 
located within 1 mile from the MGSA Area.  The Fort Ord Operable Unit Carbon Tetrachloride Plume 
(OUCTP) is located approximately 7,000 feet southeast of the MGSA and is undergoing active 
investigation and cleanup.  The A-Aquifer (local equivalent of the perched Dune Sand Aquifer) and the 
180-Foot Aquifer have been impacted, but the plume currently appears to be stable.  The Mitigation, 
Monitoring, and Reporting Plan adopted for the proposed MPWSP requires that monitoring data 
regarding this plume be periodically evaluated to assure that, if the MPWSP is fully permitted and 
implemented, the plume is not captured or induced to migrate by makeup water extraction within the 
MGSA Area.  There are no waste discharge sites, underground storage tank sites or other potential point 
sources of groundwater pollutants within the MGSA Area.  Except for seawater intrusion, there are no 
known or reported sources of groundwater pollutants in the MGSA Area.  

Land subsidence is not closely monitored in the Monterey Bay region and has not been reported in 
Salinas Valley.  In 2014, DWR reported that continuous monitoring stations located near the coast in the 
Pajaro Valley and Santa Cruz areas displayed a declining trend, but recorded total cumulative subsidence 
less than 1 inch.  Vertical displacement estimates derived from Interferometric Synthetic Aperture Radar 
(InSAR) data indicate total ground surface displacement in and near the MGSA Area between June 2015 
and June 2018 ranged from approximately 0.01 to 0.025 foot which is negligible.  During the first two 
years of this time period, the test slant well for the MPWSP project in the MGSA Area was pumped at a 
rate of approximately 2,000 gallons per minute.  The available data suggest that the vicinity of the MGSA 
Area has not experienced significant subsidence.  However, the data are insufficient to assess the 
potential vulnerability of this area to future subsidence if groundwater extractions are increased.  MGSA 
will work with SVBGSA to address this data gap during GSP implementation.   

In addition to the previously discussed GDEs, groundwater elevations near the Salinas River were found 
to be shallower than 20 feet below the river thalweg, indicting the lower reach of the river may be 
groundwater connected.  This is also supported by geophysical data, which suggests the existence of 
shallow groundwater near the river, and of seawater intrusion through the riverbed in the tidally-
influenced portion of the river.  SVBGSA and MCWRA have indicated the lower reach of the river is a 
losing stream, which is also consistent with observed hydrograph responses in wells MW-6S, MW-8S, 
and MW-9s, which are close to the river, to a major discharge event recorded in early 2017.  Further 
inland, near the Spreckels gaging station approximately 13.5 river miles upstream from the Pacific 
Ocean, groundwater elevations have historically been much deeper than Salinas River, indicating that 
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the river may be hydraulically disconnected from the regional groundwater aquifers at this location.  
This analysis of surface-groundwater interaction along the Salinas River is based on limited data and is 
therefore uncertain.  Additional monitoring and further evaluation through groundwater modeling is 
planned in coordination with the SVBGSA to help address this data gap. 

GROUNDWATER BUDGET 

The MGSA Area represents a relatively small area within the 180/400 Foot Aquifer Subbasin, for which 
historical, current, and projected water budgets have been prepared by SVBGSA and presented in their 
GSP.  Since the MGSA Area is hydraulically connected with the surrounding portions of the Subbasin and 
part of the already developed water budgets, this GSP adopts the SVBGSA’s regional historical, current, 
and future water budgets for the Subbasin, which are included as Appendix 3.E.  SVBGSA used the pre-
publication version of the USGS Salinas Valley Integrated Hydrological Model (SVIHM) to evaluate and 
develop future projected water budget for the Subbasin.  After the SVIHM is publicly released, SVBGSA 
intends to use it to update their water budget, further assess groundwater flow conditions and surface-
groundwater interactions, and refine prediction of project effectiveness and anticipated groundwater 
elevation changes.  In addition, MCWD GSA plans to develop a refined local groundwater model capable 
of simulating solute transport and density driven flow to support preparation of their GSP for the 
Monterey Subbasin.  This model is expected to include the MGSA Area and surrounding region of 
interest to this GSP.  MGSA will review the modeling work conducted by SVBGSA and MCWD GSA, and 
collaborate with these agencies to update the local water budget, sustainable management criteria and 
management actions in this GSP as appropriate to support the local and regional sustainability goals.  
With these measures in place, the water budget information presented in this GSP focuses on 
augmenting the SVBGSA’s regional water budgets with local information as needed to prepare a locally 
focused GSP that complies with the requirements of 23 CCR § 354.18, conveys an adequate 
understanding of local groundwater conditions, and informs local sustainable groundwater management 
decisions.   

Due to the limitations of the available data, only a current water budget is developed for the MGSA 
Area, and qualitative water budget information is provided for the historical and predicted water budget 
for budget components that can be evaluated at this time.  For planning purposes, it is reasonable to 
assume that the historic water budget was similar to the current water budget, as there has not been a 
significant change in land use or groundwater development within the MGSA Area for decades, with 
exception of the recent test slant well pumping.  The current water budget was calculated using average 
annual precipitation and evapotranspiration data from Water Year (WY) 2015 through WY 2018, and 
includes three different water budget scenarios to provide perspective on the local contribution to the 
regional water budget: 

1. A water budget for WY 2017 that assumes 10% of the water extracted from the test slant well 
during this year was pulled into the well from the aquifers underlying the MGSA Area (as 
opposed to saline groundwater originating from outside the Subbasin Boundary to the west, 
which is not included in this water budget assessment); 
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2. An alternate water budget for WY 2017 that assumes 30% of the water extracted from the test 
slant well was pulled into the well from the aquifers underlying the MGSA Area (as opposed to 
saline groundwater originating from outside the Subbasin Boundary to the west, which is not 
included in this water budget assessment); and 

3. A water budget for WY 2018, summarizing conditions after the cessation of test slant well 
pumping.   

Groundwater levels were relatively 
stable during the periods evaluated, 
so inflows and outflows were 
assumed to be equal.  A graphical 
representation of these conceptual 
water budgets is presented in the 
inset graph.  Based on this 
assessment, the following 
conclusions may be made:  

• Below average precipitation 
resulted in less recharge in 
WY2018.   

• When the test slant well was pumping, the majority of recharge from precipitation and inflow in 
the DSA was captured by the well.  The amount of capture increases proportionally to the 
amount of water the well is assumed to extract from the aquifers in the subbasin. 

• The amount of assumed subsurface outflow by leakance to the Deep Aquifer decreases as 
pumping increases.   

• The amount of proposed makeup water pumping for the proposed MPWSP would capture all of 
the recharge and other inflows in this water budget and would have a significant impact on the 
regional water budget.   

A projected future surface water budget indicates that recharge from precipitation may be expected to 
increase slightly over the next 50 years due to climate change.  Several in lieu recharge projects are 
planned in the portions of the Subbasin east of the MGSA Area and are projected to lead to an increase 
in local groundwater levels by several feet in the 180-Foot and 400-Foot Aquifers.  These projects would 
increase westward low-TDS groundwater inflows through the DSA and decrease eastward saline 
groundwater inflows through the 180-Foot and 400-Foot Aquifers.  However, sea level is projected to 
rise by about 17 inches during this time period, increasing the amount of seawater intrusion in the 
MGSA Area and vicinity.  Seawater intrusion will at least partially offset gains from additional 
groundwater recharge.  Pumping of the CEMEX well is expected to cease in December 2020, or, at the 
latest in December 2024, when CEMEX removes the well resulting in the in lieu recharge of 
approximately 300 AFY of groundwater.  Given that the proposed extraction rate for the MPWSP, if 
implemented, would be approximately 17,400 AFY, it is readily apparent that even if only a small 
percentage were derived from the aquifers underlying the MGSA Area and the Subbasin, the local 
groundwater budget would be significantly changed.  A large volume of groundwater would be removed 
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Sustainability Indicators: 
1. Chronic Lowering of Groundwater Levels 
2. Reduction of Groundwater Storage 
3. Seawater Intrusion 
4. Degraded Groundwater Quality 
5. Land Subsidence 
6. Depletion of Interconnected Surface Waters 

“MGSA will manage groundwater resources in the MGSA 
Area in a way that ensures all beneficial uses and users 
in, or affected by, groundwater management in the 
MGSA Area are protected from undesirable results, and 
have access to a safe and reliable groundwater supply 
that meets current and future demand.  This goal will 
support SVBGSA’s sustainability goal by addressing 
undesirable results at a local level and protecting local 
resources from further degradation, while coordinating 
with MCWRA, SVBGSA and MCWD GSA to support 
regional groundwater management, including ground-
water level and seawater intrusion monitoring, and 
mitigation projects and management actions that will 
contain and reverse the conditions resulting from 
regional overdraft.”  

from the DSA as well as the 180-Foot Aquifer.  At the same time, a large amount of seawater would be 
drawn in to replace the aquifer water that is removed from storage.  Because the MGSA Area is 
designated for open space and conservation land use, other potential significant land use and 
groundwater demand changes are not anticipated. 

SUSTAINABILITY GOAL 

A sustainability goal is a concise 
statement of the GSA’s objectives and 
desired conditions of the groundwater 
basin, how the basin will get to that 
condition, and why the measures 
planned will lead to success.  Unlike the 
other sustainable management criteria, 
the sustainability goal is not 
quantitative, but represents a 
statement of objectives supported by 
locally-defined minimum thresholds and 
undesirable results.  MGSA adopts 
SVBGSA’s sustainability goal for the 
Subbasin, which is stated as follows: 

“The goal of this GSP is to manage the groundwater resources of the 180/400-Foot 
Aquifer Subbasin for long-term community, financial, and environmental benefits to the 
Subbasin’s residents and businesses.  This GSP will ensure long-term viable water 
supplies while maintaining the unique cultural, community, and business aspects of the 
Subbasin.  It is the express goal of this GSP to balance the needs of all water users in the 
Subbasin.”   

The sustainability goal is supported by several local management objectives.  The absence of 
undesirable results regionally will confirm that the Subbasin is operating within its sustainable yield and 
that the sustainability goals of all the GSAs in the Subbasin have been achieved.   

SUSTAINABLE MANAGEMENT CRITERIA 

Sustainable management criteria define the desired future groundwater resources condition of the 
MGSA Area in the Subbasin and commit MGSA to actions that will meet the objectives of the 
sustainability goal.  Groundwater sustainability under SGMA is managed by avoiding or addressing 
significant and unreasonable adverse impacts 
resulting directly or indirectly from groundwater 
extraction and/or sea water intrusion in the GSP 
area and related to any of six sustainability 
indicators.  For each sustainability indicator, 
undesirable results must be defined and 
assessed, minimum thresholds must be 
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developed that quantify the undesirable result and allow it to be measured, and measurable objectives 
and interim milestones must be established as management goals to guide improvement of existing 
conditions or avoid their deterioration, as necessary, to achieve sustainable management within 20 
years.  The sustainable management criteria presented in Table ES-1, below, were developed based on 
information about the basin from the groundwater conceptual model, current and historical 
groundwater conditions, the water budget, and other publicly available information.  They were also 
informed by public feedback about groundwater conditions in and near the MGSA Area obtained by the 
City Council during meetings held over the last three years, during recent public meetings about the GSP 
development process, and during meetings with MGSA staff.   
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TABLE ES-1: UNDESIRABLE RESULTS, MINIMUM THRESHOLDS AND MEASURABLE OBJECTIVES FOR SUSTAINABLE GROUNDWATER MANAGEMENT IN THE MGSA AREA 

Sustainability 
Indicator 

Minimum Thresholds Measurable Objectives Undesirable Results  

Chronic Lowering 
of Groundwater 
Levels 

• Dune Sand Aquifer - An elevation of 1 foot above the 2015 low groundwater 
levels recorded in Dune Sand Aquifer monitoring wells near identified GDEs in 
the vicinity of the MGSA Area (MW-4S, 7S and 8S) based on potential 
significant and unreasonable impacts to identified GDEs.  Adopted on an 
interim basis and will be updated based on biological assessment of GDEs in 
the vicinity of the MGSA Area.   

• 180-Foot and 400-Foot Aquifer - An elevation of 1 foot above the 2015 low 
groundwater levels in wells near receptors east of the MGSA Area (MW 4M, 
4D, 5M, 5D, 6M, 6M(L), 7M, 7L, 8M, 8L, 9M, and 9L).  based on potential 
impacts to groundwater users and groundwater levels found by SVBGSA 
stakeholders to result in significant and unreasonable conditions.  Adjusted as 
needed to maintain local compatibility with thresholds designated by SVBGSA.   

• Dune Sand Aquifer - An interim measurable objective that is identical to the 
minimum threshold.   

• 180-Foot and 400-Foot Aquifer – Approximately 6 to 7 feet above minimum 
thresholds to be compatible with elevations specified by SVBGSA in the western 
portion of the Subbasin, adjusted as needed to match observed gradients so as to 
be realistically achievable.   

• Dune Sand Aquifer – Exceedance of minimum thresholds at two or 
more representative monitoring sites (RMS).  To account for 
uncertainty in aquifer conditions, an exceedance at two locations (66% 
of the RMS) is considered to provide an adequate level of confidence 
that an undesirable result is occurring.    

• 180-Foot and 400-Foot Aquifer - Exceedance of the minimum 
thresholds in 15% or more of the RMS (i.e., two or more wells) to 
account for uncertainty in the aquifer system.  The definition is a 
westward extension of SVBGSA’s definition.  

Reduction of 
Groundwater 
Storage 

Because the local tools to further assess the MGSA Area component of the 
Subbasin-wide sustainable yield are not yet available, this GSP adopts SVBGSA’s 
basin-wide sustainable yield estimate of 112,000 AFY as a minimum threshold, 
supplemented locally with the following interim minimum threshold related to 
the low-TDS groundwater zone near the MGSA Area in order to prevent 
undesirable results form groundwater extraction in the MGSA Area: 
• A decrease in the amount of low-TDS groundwater in storage in the Dune 

Sand, 180-Foot and 400-Foot Aquifers as measured by groundwater elevations, 
extraction reporting and induction logging. 
This interim minimum threshold is adopted to prevent significant and 
unreasonable impacts to GDEs, seawater intrusion, groundwater quality 
degradation, and potential harm to overlying groundwater right holders, while 
the data gaps regarding the sustainable yield are addressed as discussed in 
Chapters 6 and 7, and until a local sustainable yield volume can be determined. 

The GSA adopts the minimum threshold as a measurable objective on an interim 
basis, until data gaps regarding the basin-wide and local sustainable yield can be 
addressed consistent with Chapters 6 and 7.   

An undesirable result for reduction in groundwater storage is defined 
based on the minimum threshold as an annual depletion, in any given 
year, exceeding the Subbasin-wide minimum threshold of 112,000 AFY or 
resulting in a depletion of low-TDS groundwater storage east of the 
MGSA Area as measured by groundwater elevations, extraction reporting 
and induction logging.  Because additional local tools to further assess 
the MGSA Area component of the basin-wide sustainable yield are 
expected to be available in the near future, MGSA has adopted this 
definition of undesirable results to prevent undesirable results as data 
gaps are addressed.   

Seawater 
Intrusion 

• Dune Sand Aquifer.  In compliance with SWRCB Resolution Nos. 88-63 and 68-
16, this GSP defines the minimum threshold for significant and unreasonable 
seawater intrusion into the Dune Sand Aquifer as migration of the 1,700 mg/L 
chloride isocontour (equivalent to 3,000 mg/L TDS) beyond the location 
determined by Gottschalk et al. (2018).  

• 180-Foot and 400-Foot Aquifers.  This GSP adopts the SVBGSA minimum 
threshold of significant unreasonable seawater intrusion beyond the position 
of the 500 mg/L chloride concentration isocontour interpolated by MCWRA in 
2017.  

• Deep Aquifer.  In compliance with SWRCB Resolution No. 68-16, this GSP 
defines significant and unreasonable seawater intrusion into the Deep Aquifer 
as migration of a 500 mg/L chloride isocontour into the Deep Aquifer landward 
of the western Subbasin boundary.  

• Dune Sand Aquifer.  The measurable objectives are established to equal the 
minimum threshold of maintaining the 1,700 mg/L chloride isocontour at its 
current location.  The interim milestones are identical to the measurable 
objective. 

• 180-Foot and 400-Foot Aquifers.  MGSA will coordinate with SVBGSA, as 
appropriate, and support the measurable objective and interim milestones in the 
SVBGSA’s GSP of moving the 500 mg/L chloride isocontour westward to Highway 1 
by 2020.    

Deep Aquifer.  The measurable objective for the Deep Aquifer will be to prevent 
significant and unreasonable seawater intrusion and maintain the location of the 
500 mg/L chloride isocontour outside the seaward Subbasin Boundary.  The interim 
milestones are identical to the measurable objective.  

 
An undesirable result for seawater intrusion is defined as exceedance of 
one of the following minimum thresholds: 

• Dune Sand Aquifer.  Migration of the 1,700 mg/L chloride isocontour 
beyond its location in 2018, indicating seawater intrusion into the low-
TDS zone identified in Gottschalk et al. (2018), as interpreted from 
water quality sampling and induction logging data collected by 
MCWRA.   

• 180-Foot and 400-Foot Aquifer.  Seawater intrusion beyond the 
position of the 500 mg/L chloride isocontour interpolated by MCWRA 
in 2017, as determined by seawater intrusion maps prepared by 
MCWRA.   

• Deep Aquifer.  Seawater intrusion beyond a theoretical 500 mg/L 
chloride isocontour established as the western (seaward) edge of the 
Subbasin, as interpreted from groundwater quality monitoring data 
collected by MCWRA.   
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Sustainability 
Indicator 

Minimum Thresholds Measurable Objectives Undesirable Results  

Degraded 
Groundwater 
Quality 

• Significant and unreasonable degradation of water quality in the low-TDS 
groundwater zone in the Dune Sand, 180-Foot and 400-Foot Aquifers is defined 
as lateral or vertical migration of the 3,000 mg/L TDS isocontour beyond the 
location established by the 2018 AEM study (Gottschalk et al. 2018). 

• Significant and unreasonable degradation of water quality in the Deep Aquifer 
is defined as exceedance of the TDS or chloride SMCL in one or more public 
supply wells completed in the Deep Aquifer near the MGSA.   

• Significant and unreasonable migration of a contamination plume is defined by 
the following minimum thresholds: 
o Migration or spread of the portion of a contamination plume that exceeds 

applicable water quality objectives by more than 100 feet toward the 
center of groundwater extraction in the MGSA Area, as documented by 
plume maps for the cleanup site.   

 

• The measurable objective for degradation of water quality in the low-TDS 
groundwater zone are defined to be the same as the minimum threshold, which is 
the 2018 vertical and lateral position of the 3,000 mg/L TDS isocontour in the 
Dune Sand, 180-Foot, and 400-Foot Aquifers, as determined by the 2018 AEM 
survey (Gottschalk et al. 2018).  

• The measurable objective for degradation of water quality in the Deep Aquifer is 
no supply wells with MCL or SMCL exceedances for TDS or chloride.   

• The measurable objective for migration of a contamination plume is defined by 
the following: 

• An observable spread of the portion of a contamination plume that exceeds 
applicable water quality objectives over two or more consecutive monitoring 
events toward the center of groundwater extraction in the MGSA Area, as 
documented by plume maps for the cleanup site. 

• Dune Sand Aquifer.  Migration of the 1,700 mg/L chloride isocontour 
beyond its location in 2018, indicating seawater intrusion into the low-
TDS zone identified in Gottschalk et al. (2018), as interpreted from 
water quality sampling and induction logging data gathered by 
MCWRA.   

• 180-Foot and 400-Foot Aquifer.  Seawater intrusion beyond the 
position of the 500 mg/L chloride isocontour interpolated by MCWRA 
in 2017, as determined by seawater intrusion maps prepared by 
MCWRA.   

• Deep Aquifer.  Seawater intrusion beyond a theoretical 500 mg/L 
chloride isocontour established as the western (seaward) edge of the 
Subbasin, as interpreted from groundwater quality monitoring data 
gathered by MCWRA.   

• Migration of Contamination Plumes.  Migration or spread of the 
portion of a contamination plume that exceeds applicable water quality 
objectives by more than 100 feet toward the center of groundwater 
extraction in the MGSA Area, as documented by plume maps for the 
cleanup site.   

Land Subsidence 
The minimum thresholds for Chronic Lowering of Groundwater Levels are 
established as a proxy for land subsidence, based on evidence that they will be 
protective for both sustainability indicators. 

The measurable objectives and interim milestones for Chronic Lowering of 
Groundwater Levels are established as a proxy for land subsidence, based on 
evidence that they will be protective for both sustainability indicators. 

The undesirable results definition for Chronic Lowering of Groundwater 
Levels are established as a proxy for land subsidence, based on evidence 
that it will be protective for both sustainability indicators. 

Depletion of 
Interconnected 
Surface Waters 

The minimum thresholds for Chronic Lowering of Groundwater Levels are 
established as a proxy for land subsidence, based on evidence that they will be 
protective for both sustainability indicators. 

The measurable objectives and interim milestones for Chronic Lowering of 
Groundwater Levels are established as a proxy for land subsidence, based on 
evidence that they will be protective for both sustainability indicators. 

The undesirable results definition for Chronic Lowering of Groundwater 
Levels are established as a proxy for land subsidence, based on evidence 
that it will be protective for both sustainability indicators. 
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MONITORING NETWORK 

The monitoring network will be used to collect representative information about groundwater 
conditions as necessary to evaluate and guide implementation of this local GSP for the MGSA Area.  
Monitoring activities will focus on key resources and the four principal aquifers within and proximal to 
the MGSA Area.  This MGSA GSP monitoring network was established to collect representative 
information to demonstrate short-term, seasonal, and long-term trends as needed to support SGMA 
requirements.  The monitoring network will be used to monitor changes in groundwater conditions and 
demonstrate compliance with minimum thresholds and status relative to measurable objectives.  The 
network will be used to monitor impacts to the beneficial uses or users of groundwater, and quantify 
annual changes in water budget components.  In addition, monitoring will be used to assess the criteria 
that trigger the initiation and completion of management actions and assess their effectiveness under 
conditions that include minimum threshold exceedances, variable conditions, and adverse impacts to 
beneficial uses and users of groundwater, including GDEs.  

There are several existing and well-developed 
monitoring programs and networks that are 
used to monitor the four principal aquifers in 
the 180/400 Foot Aquifer Subbasin.  These 
include regional programs implemented by 
MCWRA to monitor groundwater elevations 
and seawater intrusion, including monitoring 
for the California Statewide Ambient 
Groundwater Elevation Monitoring (CASGEM) 
program.  Other programs will be implemented 
by SVBGSA to monitor groundwater storage 
changes, subsidence, and surface-groundwater 
interaction for their 180/400 Foot Aquifer 
Subbasin GSP.  These programs are important 
to this MGSA GSP as they characterize regional 
conditions and trends in the Subbasin.  
However, because the MGSA Area makes up a 
relatively small portion of the Subbasin’s 
seaward edge, the MGSA GSP will rely primarily 

on data collected by MCWRA from a local monitoring network adopted in and around the MGSA Area 
under the MMRP for the proposed MPWSP.  This “Local Coastal Monitoring Network” includes a variety 
of existing and proposed wells that would be monitored to assess the effects of proposed MPWSP 
groundwater extraction in the MGSA Area.   

There are currently eight monitoring well clusters with 24 wells within and near the MGSA Area that 
were installed to monitor test slant well pumping for the MPWSP design and environmental studies 
(Labeled MW-1 through MW-9 [the MW-2 cluster was not installed]).  Each of these clusters has a well 
completed in the Dune Sand Aquifer, the 180-Foot Aquifer, and the 400-Foot Aquifer.  Under the MMRP 

MCWRA’s Local Coastal 
Monitoring Network 
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MGSA Management Actions: 
• Management Action 1: Management of seawater 

intrusion, groundwater quality degradation and low-
TDS groundwater zone depletion 
o Phase 1. Detection Monitoring 
o Phase 2. Investigation, Verification and HCM 

[Hydrogeologic Conceptual Model] Update 
o Phase 3. Characterization, Planning & Implementation 

• Management Action 2: Management of impacts to GDEs 
and interconnected surface waters 
o Phase 1. Detection Monitoring 
o Phase 2. Investigation, Verification and HCM Update 
o Phase 3. Characterization, Planning & Implementation 

for the proposed MPWSP, MCWRA is planning to construct five additional well clusters with three wells 
each (labeled MW-A through MW-E), and install a deeper Dune Sand Aquifer well at location MW-5 to 
expand the network of nested monitoring wells to a total of 40 wells.  MCWRA will also monitor a 
number of additional existing wells in the vicinity of the MGSA Area, including 10 wells competed in the 
Dune Sand Aquifer, eight wells completed in the 180-Foot Aquifer, five wells completed in the 400-Foot 
Aquifer and 14 wells completed in the Deep Aquifer.  This monitoring program is adopted in the GSP and 
will be monitored quarterly or more frequently to assess conditions during GSP implementation.  The 40 
nested MPWSP monitoring wells, if constructed, will be utilized as the groundwater elevation, 
groundwater quality and inductance logging monitoring network to assess compliance with minimum 
thresholds and status relative to measurable objectives in the upper aquifer system (the Dune Sand, 
180-Foot, and 400-Foot Aquifers).  The 14 Deep Aquifer wells will be utilized as the monitoring well 
network to assess compliance with minimum thresholds and status relative to measurable objectives in 
the Deep Aquifer.  Data from the remaining wells will be considered in the interpretation of local 
conditions, but will not be utilized to assess compliance or status relative to sustainable management 
criteria.  MCWD GSA plans to review the adequacy of this monitoring network to meet the objectives of 
the GSP being prepared for the Monterey Subbasin, and may recommend or implement modifications.  
MGSA will review the results of this analysis and may make modifications to its monitoring networks as 
appropriate to assure compatible monitoring programs are utilized across the subbasin boundaries.   

DATA MANAGEMENT SYSTEM 

The MGSA Data Management System was created on a Microsoft Access platform.  MGSA’s database 
has a simple structure which is shared with the data management system being developed by MCWD 
GSA in support of its GSP for the Monterey Subbasin.  In addition, MGSA is coordinating with SVBGSA to 
ensure compatibility with the data management system being developed by that agency.  Both GSAs will 
rely extensively on the same monitoring data collected by MCWRA in the 180/400 Foot Aquifer 
Subbasin.  SVBGSA is considering development of a web-based data management system to facilitate 
basin-wide groundwater management.  MGSA will cooperate with this effort and may provide data 
inputs as needed, but will retain a relatively simple structure for its data management system that is not 
web-based.   

PROJECTS AND MANAGEMENT ACTIONS 

The 180/400 Foot Aquifer Subbasin is subject 
to ongoing seawater intrusion due largely to 
long-term groundwater extraction in the 
inland portions of the Subbasin in excess of 
the sustainable yield.  The purpose of this 
GSP is to ensure sustainable groundwater 
management in the MGSA Area, as well as to 
support regional efforts to address this 
undesirable result and return the Subbasin to 
sustainable groundwater management within 
20 years, as required by SGMA.  MGSA will achieve this by supporting projects and management actions 
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that will be implemented by SVBGSA under its regional GSP that are aligned with MGSA’s sustainability 
goals, and by assuring that local groundwater resources are managed sustainably to protect local and 
regional beneficial uses and users.  MGSA has not identified any feasible projects within the MGSA Area 
to promote sustainable groundwater management at this time, but plans to continue to evaluate 
potential projects and will adopt some going forward if and when appropriate.  MGSA will also 
coordinate with SVBGSA and/or MCWD GSA if the possibility for collaboration on such projects is 
identified in the future.  MGSA has identified three management actions that will prevent undesirable 
results and promote sustainable groundwater management.  Several SVBGSA projects and management 
actions for the Subbasin would provide regional benefits which would also benefit the MGSA Area.  
MGSA will coordinate with and support SVBGSA in the implementation of these projects and 
management actions to the extent they provide benefit to the MGSA Area.   

PLAN IMPLEMENTATION 

There are six main activities for implementation of the MGSA GSP:  

Activity 1:  Monitoring, Reporting and Outreach 
Groundwater elevation monitoring, water quality monitoring, and induction logging will be conducted in 
the Dune Sand Aquifer, 180-Foot, 400-Foot, and Deep Aquifers by MCWRA.  Data collected will be 
provided to MGSA for evaluation of groundwater level decline, groundwater storage, seawater 
intrusion, water quality degradation, and land subsidence.  River discharge and stage measurements and 
groundwater elevation data will be used to evaluate interconnected surface waters.  Biological 
monitoring of the vernal ponds will be conducted by an MGSA biologist to evaluate GDEs.  Annual 
reports will be prepared by MGSA and submitted to DWR starting April 1, 2021.  Periodic assessment 
reports will be submitted to DWR every five years starting in 2025.  MGSA will work to encourage the 
active involvement of the community by keeping the community informed about progress in 
implementing the GSP. 

Activity 2:  Address Data Gaps 
MGSA identified several data gaps, which will be addressed during implementation of the GSP.  These 
data gaps include the following: further development of groundwater elevation and quality data in the 
MGSA Area; investigation of the interconnection between the Salinas River and the Dune Sand Aquifer 
and underlying 180-Foot Aquifer; assessment of baseline GDE conditions and the relationship between 
drawdown and GDE responses; characterization of the Deep Aquifer system; assessment of aquifer 
parameters; assessment of more depth discrete groundwater data as required; further evaluation of 
basin susceptibility to land subsidence; and evaluation of potential MPWSP impacts.   

Activity 3:  Update Data Management System 
The data management system (DMS) to support ongoing data-driven GSP implementation will be 
updated by MGSA as needed.   

Activity 4:  Refine MGSA GSP Based on Findings from the USGS SVIHM and SVBGSA GSP Addendum 
MGSA will refine the MGSA GSP based on the upcoming release of the USGS SVIHM and planned review 
and use of the SVIHM by SVBGSA to update the SVBGSA GSP.  At the same time, MGSA will further 
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refine this GSP based on the planned development of a locally-refined groundwater flow model by 
MCWD GSA that is able to simulate solute transport and density-driven flow.   

Activity 5:  Inter- and Intra-Basin Coordination with SVBGSA and MCWD GSA 
MGSA will attend coordination meetings with SVBGSA and MCWD GSA as the various GSPs for the 
Subbasin are implemented.   

Activity 6:  Local Management Actions for Seawater Intrusion and Groundwater Quality Degradation, 
and GDE Impacts 
MGSA will monitor and evaluate the potential for significant and unreasonable groundwater level 
decline that could affect GDEs, seawater intrusion, groundwater quality degradation and/or low-TDS 
groundwater zone storage depletion as a result of groundwater extraction in the MGSA Area.  A baseline 
biological assessment will also be conducted and a biological resources monitoring plan developed for 
the GDEs, which may result in additional monitoring requirements.  If the data indicate that undesirable 
results may occur as a result of groundwater pumping in the MGSA Area, then MGSA will implement 
management actions as triggered by two-tiered thresholds using its powers and authorities in SGMA.   

COSTS AND FUNDING 

The overall estimated cost for MGSA for the first five years of implementation is $1,100,000 with an 
average annual cost of $220,000.  Costs funded through MGSA include biological monitoring of GDEs, 
analysis of groundwater monitoring data and data uploads to the data management system; annual 
reporting, a GSP Addendum Report, and the 5-Year Update Report; communication and outreach, 
participation in coordination meetings with SVBGSA and MCWD GSA; and implementation of 
management actions.  As initial GSP implementation proceeds, MGSA will evaluate funding mechanisms, 
application of fees, and fee criteria.  MGSA will also evaluate potential funding from state and federal 
grant sources to support GSP implementation.  Appropriate grant funding sources will be pursued 
collaboratively with MCWD GSA, SVBGSA, MCWRA and others to fill data gaps and support the 
implementation of projects and management actions.   

 



CHAPTER 1 – INTRODUCTION 
Groundwater Sustainability Plan 

for the Marina GSA Area 
of the 180/400 Foot Aquifer Subbasin 

 

 

 

 

 

 

 

City of Marina 
Groundwater Sustainability Agency 

Marina, California 
 

 

 

 

 

 

 

JANUARY 2020 



CHAPTER 1 – INTRODUCTION 
Groundwater Sustainability Plan 
for the City of Marina GSA Area of the 180/400 Foot Aquifer Subbasin January 2020 

 

1-ii 

TABLE OF CONTENTS 
1 INTRODUCTION ....................................................................................................................................... 1-1 

1.1 Purpose of the GSP .......................................................................................................................... 1-2 

1.2 Sustainability Goal ............................................................................................................................ 1-5 

1.3 Intra-Basin Coordination Agreements ............................................................................................. 1-7 

1.4 Inter-Basin Coordination Agreements ............................................................................................. 1-9 

1.5 Agency Information ........................................................................................................................ 1-10 

1.5.1 Name and Mailing Address of MGSA ...................................................................................... 1-11 

1.5.2 Organization and Management Structure of MGSA ............................................................... 1-11 

1.5.3 Name and Contact Information of Plan Manager ................................................................... 1-12 

1.5.4 Legal Authority of MGSA ......................................................................................................... 1-12 

1.5.5 Estimate of Cost of Implementing the MGSA GSP .................................................................. 1-12 

1.6 GSP Organization and Preparation Checklist ................................................................................. 1-13 

 

Tables 

Table 1-1.  Preparation Checklist for MGSA GSP Submittal 

 

Figures 

Figure 1-1.  180/400 Foot Aquifer Subbasin of the Salinas Valley Groundwater Basin 

Figure 1-2.  City of Marina Groundwater Sustainability Agency Area 

Figure 1-3.  Jurisdictional Areas Covered By GSAs 

 

Appendices 

Appendix 1.A – SVBGSA Intra-Basin Coordination Agreement (placeholder) 

Appendix 1.B – MCWD GSA Inter-Basin Coordination Agreement (placeholder) 

Appendix 1.C – GSA Notification Letter 

Appendix 1.D – Resolution No. 2018-25: Marina City Council Electing to Become a GSA 

Appendix 1.E – Proof of Publication of Hearing Notice 



CHAPTER 1 – INTRODUCTION 
Groundwater Sustainability Plan 
for the City of Marina GSA Area of the 180/400 Foot Aquifer Subbasin January 2020 

 

1-1 

1 INTRODUCTION 
The California Legislature enacted the Sustainable Groundwater Management Act (SGMA) in 2014 in 
response to continued overdraft of California’s groundwater resources (23 California Code of 
Regulations [CCR] § 350 and California Water Code [CWC] §§ 10720-10736.6).  SGMA requires 
Groundwater Sustainability Agencies (GSAs) to prepare and implement Groundwater Sustainability Plans 
(GSPs) to achieve sustainable groundwater management in medium- and high-priority groundwater 
basins and subbasins designated by the California Department of Water Resources (DWR).  SGMA 
defines sustainable groundwater management as “management and use of groundwater in a manner 
that can be maintained during the planning and implementation horizon without causing undesirable 
results.”  Undesirable results are defined by SGMA as any of the following effects caused by 
groundwater extraction within the basin (DWR 2017):  

• Chronic lowering of groundwater levels indicating a significant and unreasonable depletion of 
supply; 

• Significant and unreasonable reduction of groundwater storage; 

• Significant and unreasonable seawater intrusion; 

• Significant and unreasonable degraded water quality; 

• Significant and unreasonable land subsidence; or 

• Depletions of interconnected surface water that have significant and unreasonable adverse 
impacts on beneficial uses of the surface water. 

SGMA requires the following basic activities in groundwater basins and subbasins that are designated as 
medium or high priority by DWR: 

• Formation of one or more GSAs in the basin or subbasin; 

• Development (by one or more GSAs) of one or more GSPs in the basin or subbasin; 

• Implementation of the GSPs to achieve sustainable groundwater management within 20 years 
of GSP adoption;  

• Regular reporting to DWR; and 

• Periodic review and updating of the GSP.   

DWR has designated 21 basins and subbasins as being in a state of critical overdraft (DWR 2016a).  GSPs 
for these basins or subbasins must be adopted and submitted to DWR by January 31, 2020.  GSPs for the 
remaining medium- and high-priority basins and subbasins must be adopted and submitted to DWR by 
January 31, 2022.   

The subject of this GSP is a portion of the 180/400 Foot Aquifer Subbasin (Subbasin) (DWR Subbasin 
Number 3-004.01) of the Salinas Valley Groundwater Basin in the Central Coast Hydrologic Region of 



CHAPTER 1 – INTRODUCTION 
Groundwater Sustainability Plan 
for the City of Marina GSA Area of the 180/400 Foot Aquifer Subbasin January 2020 

 

1-2 

California.  The Subbasin is identified by DWR as subject to critical conditions of overdraft (DWR 2016a).  
As shown on Figure 1-1, four other subbasins of the Salinas Valley Basin adjoin the 180/400 Foot Aquifer 
Subbasin, including the East Side Aquifer and Langley Area Subbasins to the northeast (DWR Subbasin 
Numbers 3-004.02 and 3-004.09, respectively), the Forebay Aquifer Subbasin to the southeast (DWR 
Subbasin Number 3-004.04), and the Monterey Subbasin to the southwest (DWR Subbasin Number 3-
004.10).  The 180/400 Foot Aquifer Subbasin is bounded to the north by the Pajaro Valley Subbasin 
(DWR Basin Number 3-002.01), and to the northwest by the Pacific Ocean.  The remaining subbasins in 
the Salinas Valley Basin are designated as medium- and high-priority by DWR, but not critically 
overdrafted.  

1.1 PURPOSE OF THE GSP  
On March 20, 2018, the City of Marina’s City Council formed the City of Marina Groundwater 
Sustainability Agency (MGSA) to develop and implement a GSP under SGMA in a portion of the Subbasin 
that lies within its jurisdictional limits, but outside the jurisdictional limits of the Marina Coast Water 
District (MCWD) GSA (Figure 1-2).  The MGSA Area is bounded by the Pacific Ocean along the western 
border and includes Monterey County Assessor Parcel Numbers APN 203-011-001, APN 203-011-019, 
and APN 203-011-020.  By letter dated April 16, 2018, MGSA notified DWR, pursuant to CWC § 
10723.8(a), of its intent to become the exclusive GSA for this area.   

The purpose of this GSP is to comply with the SGMA-mandated requirements for sustainable 
groundwater management within MGSA’s jurisdictional area (hereinafter the MGSA Area).  Salinas 
Valley Basin Groundwater Sustainability Agency (SVBGSA) is the lead agency for a GSP covering the 
remainder of the 180/400 Foot Aquifer Subbasin (SVBGSA 2019), pursuant to an agreement with the 
Marina Coast Water District (MCWD) GSA, which has SGMA jurisdictional authority over certain parts of 
the Subbasin.  In addition, SVBGSA is the lead agency for GSPs covering four other Salinas Valley 
subbasins under SVBGSA jurisdiction that are not designated as critically overdrafted and will be 
submitted to DWR in 2022: the East Side Aquifer Subbasin, Forebay Aquifer Subbasin, Upper Valley 
Aquifer Subbasin (DWR Subbasin Number 3-004.05), and Langley Area Subbasin.  SVBGSA and MCWD 
GSA each have SGMA jurisdictional authority over subareas of the Monterey Subbasin, which is adjacent 
to the south of the 180/400 Foot Aquifer Subbasin, and have entered into a Framework Agreement to 
prepare one single GSP for the Monterey Subbasin (SVBGSA 2018b).  Additional information on 
jurisdictional areas within the MGSA Area and vicinity is provided in Section 2.1.1. 

MGSA notes that on December 11, 2019, the Monterey County Board of Supervisors adopted Resolution 
19-171 to create a new GSA in an effort to become the “exclusive” GSA for the MGSA Area.  Pursuant to 
this resolution, County staff filed a GSA notification with DWR to become the GSA for the MGSA area, 
and on December 18, 2019, DWR posted the County’s notification and designated the County the 
“exclusive” GSA for the MGSA Area.  MGSA believes that these County actions and DWR’s designation 
are invalid and ineffective under SGMA.  On December 30, 2019, the City and MGSA filed litigation 
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challenging these actions and decisions.  Since these matters are in litigation, MGSA does not address 
them further herein.   

The 180/400 Foot Aquifer Subbasin is subject to significant and unreasonable seawater intrusion due 
largely to long-term groundwater extraction in the inland portions of the Subbasin in excess of the 
sustainable yield.  As a result, it has been identified by DWR as being in a critical condition of overdraft 
(DWR 2016a).  Seawater intrusion was first identified near the MGSA Area in the 1940s, and over the 
following decades progressed inland for a distance of over 7 miles in some areas.  The purpose of this 
GSP is to support regional efforts to address this undesirable result and return the Subbasin to 
sustainable groundwater management within 20 years, as required by SGMA.  MGSA will achieve this by 
supporting the projects and management actions that will be implemented by SVBGSA under its regional 
GSP, and by assuring that local groundwater resources are managed sustainably to protect local and 
regional beneficial uses and users. 

MGSA has developed this locally-focused GSP to provide the framework necessary to ensure sustainable 
groundwater management in this portion of the Subbasin.  This GSP will be implemented together with 
the regional SVBGSA GSP for the remainder of the Subbasin to sustainably manage the groundwater 
resources in the 180/400 Foot Aquifer Subbasin.  A locally-focused GSP is needed in the MGSA Area to 
address the hydrogeologic conditions and management needs unique to this portion of the Subbasin.   

As discussed in detail in Chapter 3, seawater intrusion was first monitored in the coastal area near the 
MGSA jurisdiction in 1947, and has been a topic of numerous investigations and monitoring programs by 
Monterey County Water Resources Agency (MCWRA), United States Geological Survey (USGS), and the 
proponents of various water supply and management projects.  Most recently, subsurface investigation 
and groundwater monitoring were conducted within and in the vicinity of the MGSA Area by the 
proponents of the Monterey Peninsula Water Supply Project (MPWSP), and the area was investigated by 
a Stanford University research team using geophysical techniques as part of a larger study to assess the 
three-dimensional variability in aquifer stratigraphy and water salinity in the area of seawater intrusion 
along the Monterey Bay coastline.  The GSP Emergency Regulations require that “[e]ach Plan shall rely 
on the best available information and best available science to quantify the water budget for the basin in 
order to provide an understanding of historical and projected hydrology, water demand, water supply, 
land use, population, climate change, sea level rise, groundwater and surface water interaction, and 
subsurface groundwater flow” (23 CCR § 354.18 (e)).  In compliance with this requirement, this GSP 
objectively considers all the available data described above to provide a working understanding that is 
sufficient to address local hydrogeologic conditions, to understand the associated uncertainties and data 
gaps, and to develop plans to address them as needed to assure sustainable groundwater management.   

The MGSA Area is at the seaward edge of an area affected by seawater intrusion that extends inland for 
several miles.  The available hydrogeologic data indicate that the MGSA Area is underlain, in order of 
depth, by the Dune Sand Aquifer (DSA), the 180-Foot Aquifer, the 400-Foot Aquifer, and the Deep 
Aquifer.  Near the shore, where the highest groundwater salinities have been documented, an interface 
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between a seawater intrusion wedge and a zone of higher quality groundwater (the low total dissolved 
solids [TDS] zone) that is locally recharged through the highly permeable Dune Sand Aquifer extends 
downward into the 180-Foot Aquifer.  The existence of this interface was identified using geophysical 
methods, and is consistent with the available monitoring data as well as expected conditions at the 
shoreward face of a seawater-intruded aquifer system.  The long screen intervals of the monitoring 
wells installed in the area limit the ability to confirm the exact salinity distribution in the aquifer and the 
variation in groundwater flow conditions, but the dynamics of similar interfaces in coastal aquifers have 
been studied for many years and their expected behavior is well understood.  Such interfaces tend to 
follow the Ghyben-Herzberg relationship, for the names of the authors who first documented it 
between 1888 and 1901 (Ghyben 1888; Herzberg 1901).  A state of equilibrium exists between a more 
saline, dense seawater intrusion wedge that tends to flow landwards, and an over-riding, less dense and 
higher quality groundwater zone that tends to flow shoreward.  Based on the best available science, 
freshwater that flows from the Dune Sand Aquifer to the upper 180-Foot Aquifer contributes to 
maintaining this high-quality groundwater zone. 

The exact effect of groundwater extraction in the MGSA Area on this interface has not been evaluated, 
but a probable effect is that capture of groundwater from the seaward-flowing higher quality water 
zone by extraction wells could decrease the extent and thickness of this zone, which could allow 
thickening and further landward or downward migration of the more dense saline water wedge.  The 
aquitards that impede downward vertical migration of seawater-intruded groundwater between the 
180-Foot and 400-Foot Aquifers elsewhere in the Subbasin are locally thin or absent in this area, 
potentially allowing higher density saline groundwater to migrate downward if the saline water wedge 
thickens or moves further inland.  Finally, the underlying Deep Aquifer system provides a source of 
drinking water for the City of Marina and is not yet affected by seawater intrusion.  However, MCWRA 
and SVBGSA, which are responsible for monitoring and regulating groundwater extraction in the 
seawater-intruded portion of the Subbasin, have stated that the hydraulic separation between the 400-
Foot Aquifer and the Deep Aquifers is uncertain, and have therefore prohibited the expansion of 
groundwater extraction in the Deep Aquifers.  As such, a key objective of the MGSA GSP is to protect the 
existing high quality waters in the Deep Aquifers underlying the MGSA Area. 

This MGSA GSP describes local hydrogeologic conditions and establishes local sustainable management 
criteria to protect beneficial uses and users of groundwater in the MGSA Area, and, in coordination with 
the Monterey Subbasin GSP and the SVBGSA’s GSP for the remainder of the 180/400 Foot Aquifer 
Subbasin, to ensure sustainable groundwater management in accordance with 23 CCR § 350.4(e).  In 
addition, this GSP provides management actions for assuring sustainability, and includes monitoring and 
reporting protocols to document the long-term sustainability of locally managed groundwater resources 
now and into the future.   
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1.2 SUSTAINABILITY GOAL  
Regulation Requirements: 
§ 354.24.  Sustainability Goal 
Each Agency shall establish in its Plan a sustainability goal for the basin that culminates in the absence of undesirable results 
within 20 years of the applicable statutory deadline. The Plan shall include a description of the sustainability goal, including 
information from the basin setting used to establish the sustainability goal, a discussion of the measures that will be 
implemented to ensure that the basin will be operated within its sustainable yield, and an explanation of how the sustainability 
goal is likely to be achieved within 20 years of Plan implementation and is likely to be maintained through the planning and 
implementation horizon. 

 
CWC § 10721 defines sustainable groundwater management as “the management and use of 
groundwater in a manner that can be maintained during the planning and implementation horizon 
without causing undesirable results.”  A sustainability goal is the desired culmination of sustainable 
groundwater management, resulting in the maintenance of sustainable groundwater conditions (the 
absence of undesirable results), or their achievement within 20 years, when compared to a 2015 
baseline condition.  The sustainability goal reflects these requirements and succinctly states the GSAs’ 
objectives and the desired conditions of the GSP area. 

This GSP adopts SVBGSA’s sustainability goal, which is stated as follows (SVBGSA 2019): 

The goal of this GSP is to manage the groundwater resources of the 180/400-Foot Aquifer 
Subbasin for long-term community, financial, and environmental benefits to the Subbasin’s 
residents and businesses.  This GSP will ensure long-term viable water supplies while maintaining 
the unique cultural, community, and business aspects of the Subbasin.  It is the express goal of 
this GSP to balance the needs of all water users in the Subbasin. 

The local management objectives (CWC § 10728.2 Evaluation of Plan) in support of this goal include the 
following:   

MGSA will manage groundwater resources in the MGSA Area in a way that ensures all beneficial 
uses and users in, or affected by, groundwater management in the MGSA Area are protected 
from undesirable results, and have access to a safe and reliable groundwater supply that meets 
current and future demand.  This goal will support SVBGSA’s sustainability goal by addressing 
undesirable results at a local level and protecting local resources from further degradation, while 
coordinating with MCWRA, SVBGSA and MCWD GSA to support regional groundwater 
management, including groundwater level and seawater intrusion monitoring, and mitigation 
projects and management actions that will contain and reverse the conditions resulting from 
regional overdraft.  MGSA will: 

• Support the protection of reliable groundwater supply and quality to promote the public 
health and welfare now and into the future; 
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• Ensure that groundwater is available for beneficial and potential beneficial uses, including all 
of the diverse municipal, domestic, agricultural, industrial, and environmental uses 
potentially affected by management actions within the MGSA;   

• Protect the aquifers underlying the MGSA against further seawater intrusion; 

• Comply with State Water Resources Control Board (SWRCB) Resolution No. 88-63, which 
designates all groundwaters of the state containing less than 3,000 milligrams per liter 
(mg/L) of TDS as having a potential beneficial use as a domestic or municipal drinking water 
supply and SWRCB Resolution No. 68-16, which requires the high quality of these waters to 
be maintained unless the state finds that certain specific conditions are met;  

• Maintain or enhance groundwater levels and groundwater discharge where groundwater-
dependent ecosystems (GDEs) exist near the MGSA Area; 

• Maintain operational flexibility within the Subbasin, assuring that groundwater resources 
are available during times of drought without causing undesirable results; 

• Account for changing groundwater conditions related to implementation of future 
groundwater supply projects, projected climate change, and sea level rise, in sustainability 
planning and management; and 

• Coordinate with, support, and avoid undesirable results to neighboring GSAs and 
groundwater basins in regional efforts to achieve groundwater sustainability. 

As discussed previously, MGSA is located at the seaward edge of the interface between the regional 
saline water wedge that has intruded into the 180-Foot and 400-Foot Aquifers, and an area of lower TDS 
(higher quality) groundwater that is locally recharged through the Dune Sand Aquifer.  Groundwater 
quality underlying the MGSA Area has been affected by seawater intrusion for several decades as a 
result of inland overdraft conditions.  A key objective of this GSP is to address these conditions at a more 
local level and protect local resources from further degradation, while coordinating with SVBGSA and 
MCWD GSA to support regional groundwater level and seawater intrusion monitoring and mitigation 
projects that will contain and reverse the conditions resulting from regional overdraft.  Specifically, 
monitoring and management actions in the MGSA Area will be focused on preventing future undesirable 
results in the already degraded Dune Sand Aquifer, 180-Foot Aquifer and 400-Foot Aquifer; protecting 
the Deeper Aquifers from potential seawater intrusion; and coordinating with the neighboring GSAs to 
support regional sustainable management goals.   

Based on the data discussed in Chapter 3 (Basin Setting), maintaining the groundwater elevations and 
thickness of the higher quality groundwater zone (low TDS zone) needed to protect against seawater 
intrusion will largely prevent undesirable results from occurring for all six sustainability indicators in the 
MGSA Area, and will support the sustainability goals of the neighboring GSAs.  Coordination of efforts 
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among MGSA, SVBGSA, and MCWD GSA is discussed in Sections 1.3 and 1.4, and is intended to assure 
that the respective sustainability goals of each GSP are met, and that the interests of all beneficial users 
and uses of groundwater within the Subbasin and the adjacent Monterey Subbasin are protected.  A 
more detailed explanation of how these goals will be met is discussed in Chapter 4 (Sustainable 
Management Criteria), Chapter 5 (Monitoring Network) and Chapter 6 (Projects and Management 
Actions).   

1.3 INTRA-BASIN COORDINATION AGREEMENTS  
Regulation Requirements: 
§ 357.4.  Coordination Agreements 
(a) Agencies intending to develop and implement multiple Plans pursuant to Water Code Section 10727(b)(3) shall enter into a 

coordination agreement to ensure that the Plans are developed and implemented utilizing the same data and 
methodologies, and that elements of the Plans necessary to achieve the sustainability goal for the basin are based upon 
consistent interpretations of the basin setting. 

(b) Coordination agreements shall describe the following: 
   (1) A point of contact with the Department. 
   (2) The responsibilities of each Agency for meeting the terms of the agreement, the procedures for the timely exchange of 

information between Agencies, and procedures for resolving conflicts between Agencies. 
   (3) How the Agencies have used the same data and methodologies for assumptions described in Water Code Section 10727.6 

to prepare coordinated Plans, including the following: 
   (A) Groundwater elevation data, supported by the quality, frequency, and spatial distribution of data in the monitoring 

network and the monitoring objectives as described in Subarticle 4 of Article 5. 
   (B) A coordinated water budget for the basin, as described in Section 354.18, including groundwater extraction data, surface 

water supply, total water use, and change in groundwater in storage. 
   (C) Sustainable yield for the basin, supported by a description of the undesirable results for the basin, and an explanation of 

how the minimum thresholds and measurable objectives defined by each Plan relate to those undesirable results, based 
on information described in the basin setting. 

(c) The coordination agreement shall explain how the Plans implemented together, satisfy the requirements of the Act and are 
in substantial compliance with this Subchapter 

(d) The coordination agreement shall describe a process for submitting all Plans, Plan amendments, supporting information, all 
monitoring data and other pertinent information, along with annual reports and periodic evaluations. 

(e) The coordination agreement shall describe a coordinated data management system for the basin, as described in Section 
352.6. 

(f) Coordination agreements shall identify adjudicated areas within the basin, and any local agencies that have adopted an 
Alternative that has been accepted by the Department.  If an Agency forms in a basin managed by an Alternative, the 
Agency shall evaluate the agreement with the Alternative prepared pursuant to Section 358.4 and determine whether it 
satisfies the requirements of this Section. 

(g) The coordination agreement shall be submitted to the Department together with the Plans for the basin and, if approved, 
shall become part of the Plan for each participating Agency. 

(h) The Department shall evaluate a coordination agreement for compliance with the procedural and technical requirements of 
this Section, to ensure that the agreement is binding on all parties, and that provisions of the agreement are sufficient to 
address any disputes between or among parties to the agreement. 

(i) Coordination agreements shall be reviewed as part of the five-year assessment, revised as necessary, dated, and signed by 
all parties. 

 
MGSA has attempted to negotiate in intra-basin coordination agreement with SVBGSA pursuant to CWC 
§ 10727.6 and 23 CCR § 357.4 to ensure that the MGSA and SVBGSA GSPs for the Subbasin are 
developed and implemented using the same data and methodologies, and that elements of the GSPs 
necessary to achieve the sustainability goal for the Subbasin are based on consistent interpretations of 
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the Subbasin setting.  MGSA developed a draft of this agreement and submitted it to SVBGSA for 
consideration in August 2019; however, SVBGSA failed to act on this agreement.   

MGSA maintains its desire to coordinate local sustainable groundwater management with SVBGSA 
under this GSP pursuant to a Coordination Agreement.  The language in this subsection of the GSP will 
be updated to reflect the Coordination Agreement if and when this occurs.   

The Coordination Agreement will designate a point of contact with DWR, the responsibilities of each 
GSA for meeting the terms of the agreement, the procedures for the timely exchange of information 
between the GSAs, and procedures for resolving conflicts.  [A copy of the agreement will be included as 
an appendix to this GSP when executed (Appendix 1.A, PLACEHOLDER).] 

The designated point of contact with DWR for sustainable groundwater management in the 180/400 
Foot Aquifer Subbasin is the following: 

[Layne Long 
City of Marina 
Marina Groundwater Sustainability Agency 
211 Hillcrest Avenue 
Marina, California 93933 
Phone: (831) 884-1212 
Email: llong@cityofmarina.org] 
 

[The designated point of contact will be updated when the Coordination Agreement is executed.] 

The Coordination Agreement specifically will address the following requirements of 23 CCR § 357 and 
specifies how MGSA and SVBGSA will collaborate to use the same data and methodologies described in 
CWC § 10727.6 for coordinated GSP preparation and implementation:  

• Coordinated data collection, management and exchange, including common methodologies and 
data for: a) groundwater elevation data; b) groundwater extraction data; c) surface water 
supply; d) total water use; e) changes in groundwater storage; f) water budgets; and g) 
sustainable yield;  

• Adoption of shared or complementary sustainability indicators for: a) chronic lowering of 
groundwater levels; b) reduction in groundwater storage; c) degraded water quality; d) 
seawater intrusion; and e) land subsidence;  

• Collaboration in the establishment of monitoring networks and protocols, including coordinating 
the methods and frequency of measurement for: a) the amount of current and projected 
groundwater use; b) aquifer characterization; and c) potential impacts to beneficial uses and 
users of groundwater and property interests; and 
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• Coordinated water budget accounting procedures including assessment of the total annual 
volume of groundwater and surface water entering and leaving the Subbasin; historical, current 
and projected water budget conditions; changes in groundwater storage; and estimates of 
future baseline conditions of supply, water demand, and surface water supply availability or 
reliability over the planning and implementation horizon. 

The Coordination Agreement will explain how SGMA is satisfied by the coordinated GSP 
implementation, and describes a process for submitting the GSPs, Plan amendments, supporting 
information, monitoring data, and other pertinent information, annual reports, and periodic evaluations 
[this language will be updated when the agreement is executed].  The Coordination Agreement will 
describe a coordinated data management system (DMS) for the Subbasin and identifies adjudicated 
areas within the Subbasin [this language will be updated when the agreement is executed].  

MGSA and MCWD GSA will also negotiate an intra-basin Coordination Agreement because MCWD GSA is 
an authorized GSA for the Marina and Ord subareas of the Subbasin within MCWD GSA’s jurisdictional 
boundaries.  MCWD GSA and SVBGSA have agreed that SVBGSA will prepare the GSP for these areas and 
to actively consult with each other and review draft work products during the GSP development process 
for the 180/400 Foot Aquifer.   

1.4 INTER-BASIN COORDINATION AGREEMENTS  
Regulation Requirements: 
§ 357.2.  Interbasin Agreements 
Two or more Agencies may enter into an agreement to establish compatible sustainability goals and understanding regarding 

fundamental elements of the Plans of each Agency as they relate to sustainable groundwater management.  Interbasin 
agreements may be included in the Plan to support a finding that implementation of the Plan will not adversely affect an 
adjacent basin’s ability to implement its Plan or impede the ability to achieve its sustainability goal.  Interbasin agreements 
should facilitate the exchange of technical information between Agencies and include a process to resolve disputes 
concerning the interpretation of that information.  Interbasin agreements may include any information the participating 
Agencies deem appropriate, such as the following: 

(a) General information: 
   (1) Identity of each basin participating in and covered by the terms of the agreement.  
   (2) A list of the Agencies or other public agencies or other entities with groundwater management responsibilities in each 

basin. 
   (3) A list of the Plans, Alternatives, or adjudicated areas in each basin. 
(b) Technical information: 
   (1) An estimate of groundwater flow across basin boundaries, including consistent and coordinated data, methods, and 

assumptions. 
   (2) An estimate of stream-aquifer interactions at boundaries. 
   (3) A common understanding of the geology and hydrology of the basins and the hydraulic connectivity as it applies to the 

Agency’s determination of groundwater flow across basin boundaries and description of the different assumptions utilized 
by different Plans and how the Agencies reconciled those differences. 

   (4) Sustainable management criteria and a monitoring network that would confirm that no adverse impacts result from the 
implementation of the Plans of any party to the agreement.  If minimum thresholds or measurable objectives differ 
substantially between basins, the agreement should specify how the Agencies will reconcile those differences and manage 
the basins to avoid undesirable results.  The Agreement should identify the differences that the parties consider significant 
and include a plan and schedule to reduce uncertainties to collectively resolve those uncertainties and differences. 

(c) A description of the process for identifying and resolving conflicts between Agencies that are parties to the agreement. 
(d) Interbasin agreements submitted to the Department shall be posted on the Department’s website. 
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MGSA will develop a voluntary inter-basin Coordination Agreement with MCWD GSA to ensure that 
preparation and implementation of this GSP is effectively coordinated with the GSP in the adjacent 
Monterey Subbasin that is being prepared by MCWD GSA and SVBGSA, that each subbasin’s 
sustainability goals are met, and that the interests of all beneficial water users and uses in each subbasin 
are recognized and protected [this language will be updated when the agreement is executed].  [A copy 
of the inter-basin agreement will be included as an appendix to this GSP when executed (Appendix 1.B, 
PLACEHOLDER)].  The inter-basin agreement will ensure that implementation of the MGSA GSP will not 
adversely affect the ability of MCWD to implement its GSP or impede the ability to achieve its 
sustainability goal [this language will be updated when the agreement is executed].  In addition, the 
inter-basin agreement should facilitate the exchange of technical information between MGSA and 
MCWD GSA, and will include a process to resolve disputes concerning the interpretation of that 
information [this language will be updated when the agreement is executed].  Technical information to 
be coordinated across subbasin boundaries includes the following:1 

• Estimates of groundwater flow across GSA Area boundaries, including consistent and 
coordinated data, methods, and assumptions; 

• A common understanding of the geology and hydrology within the adjacent subbasins, hydraulic 
connectivity as it applies to the determination of groundwater flow across GSA Area boundaries, 
a description of the different assumptions used by MGSA and MCWD GSA for their individual 
GSPs, and how differences are reconciled; and 

• Sustainable management criteria and a monitoring network that confirm that no adverse 
impacts will result from the implementation of MGSA and MCWD GSPs.  

The agreement will specify how MGSA and MCWD GSA will reconcile differences and manage the 
groundwater resources to avoid undesirable results if minimum thresholds or measurable objectives 
differ substantially between GSA Areas [this language will be updated when the agreement is executed].  
The agreement will also identify the differences that are considered significant and includes a plan and 
schedule to reduce and collectively resolve uncertainties and differences [this language will be updated 
when the agreement is executed].  

1.5 AGENCY INFORMATION  
Three GSAs are responsible for SGMA implementation in portions of the 180/400 Foot Aquifer Subbasin: 
SVBGSA, MCWD GSA, and MGSA.  DWR considers none of these three GSAs to be exclusive GSAs for the 
entire Subbasin; however, MCWD GSA is the exclusive GSA for that portion of the Subbasin within its 
jurisdictional boundaries.  MGSA submitted a letter to DWR on April 16, 2018 (Appendix 1.C), providing 
notification that the City of Marina, a California charter city, elected to become a GSA pursuant to CWC 

 
1 Because there are no streams that cross or are shared along the Subbasin boundaries between MGSA and MCWD 
GSA, no coordination is needed regarding estimates of stream-aquifer interactions at GSA Area boundaries.  



CHAPTER 1 – INTRODUCTION 
Groundwater Sustainability Plan 
for the City of Marina GSA Area of the 180/400 Foot Aquifer Subbasin January 2020 

 

1-11 

§ 10723(a), for the MGSA Area within its jurisdictional limits, but which lies outside the jurisdictional 
limits of MCWD.  The City of Marina has land use responsibilities in this area.  MGSA intends to 
undertake sustainable groundwater management for the designated portion of the 180/400 Foot 
Aquifer Subbasin.  The jurisdictional areas of all three GSAs in relation to the 180/400 Foot Aquifer 
Subbasin boundaries are shown on Figure 1-3.  

A copy of Resolution No. 2018-25 of the City Council electing to become a GSA for a portion of the 
Subbasin is attached as Appendix 1.D.  The Resolution was adopted on March 20, 2018, immediately 
following a legally noticed public hearing.  A copy of the proof of publication of the hearing notice is 
attached as Appendix 1.E.  

1.5.1 NAME AND MAILING ADDRESS OF MGSA 
Regulation Requirements: 
§ 354.6(a) The name and mailing address of the Agency 

 
The mailing address and other contact information for MGSA is as follows: 

Brian McMinn 
City of Marina Groundwater Sustainability Agency 
211 Hillcrest Avenue 
Marina, CA 93933  
Phone: (831) 884-1212 
Email: bmcminn@cityofmarina.org  
 

1.5.2 ORGANIZATION AND MANAGEMENT STRUCTURE OF MGSA 
Regulation Requirements: 
§ 354.6(b) The organization and management structure of the Agency, identifying persons with management authority for 

implementation of the Plan.  
 
MGSA is administered by the City of Marina’s City Council.  The Marina City Council is comprised of the 
Mayor and four other City Council Members.  MGSA board meetings are held concurrently with City 
Council meetings, usually at 5:30 p.m. (closed session) and 6:30 p.m. (open session) on the first and third 
Tuesdays of each month in accordance with the Marina Municipal Code (Chapter 2.04) and City 
Ordinances: 2001-11 § 1 (2001), 78-12 § 1 (1978), and 75-2 § 1 (1975).  The meetings are publicly 
noticed and agendas are made available on the City’s website (https://www.cityofmarina.org/ 
AgendaCenter).  The City has full power and authority to adopt, make, exercise, and enforce all 
legislation, laws, and regulations; to take actions relating to all municipal affairs in general; and to 
undertake administration of the GSA and GSP, and all other matters related to SGMA implementation 
and compliance.  Resolutions presented to the MGSA board are voted on and require a majority vote of 
a quorum to be passed and adopted.  Open public hearings on specific resolutions may be held during 
meetings to allow for testimony from the public.  Public testimony is considered prior to voting on 
specific resolutions.  

https://www.cityofmarina.org/AgendaCenter
https://www.cityofmarina.org/AgendaCenter
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1.5.3 NAME AND CONTACT INFORMATION OF PLAN MANAGER 
Regulation Requirements: 
§ 354.6(c) The name and contact information, including the phone number, mailing address and electronic mail address, of 

the plan manager. 
 
The City of Marina Public Works Director/City Engineer has been designated as Plan Manager for this 
GSP.  Contact information is as follows: 

Brian McMinn, Plan Manager 
City of Marina Groundwater Sustainability Agency 
211 Hillcrest Avenue 
Marina, CA 93933  
Phone: (831) 884-1212 
Email: bmcminn@cityofmarina.org  
Website: https://cityofmarina.org/918/Groundwater-Sustainability-Plan  

1.5.4 LEGAL AUTHORITY OF MGSA 
Regulation Requirements: 
§ 354.6(d) The legal authority of the Agency, with specific reference to citations setting forth the duties, powers, and 

responsibilities of the Agency, demonstrating that the Agency has the legal authority to implement the plan.  
 
MGSA was formed in accordance with the requirements of CWC §§ 10723, et seq.  The resolution of 
formation of MGSA is included in Appendix 1.D.  The City of Marina is incorporated under the laws of 
the State of California.  The City of Marina provides water supply and land use planning services to its 
residents and is therefore a local agency under CWC § 10721 with the authority to establish itself as a 
GSA.  Formation of MGSA gives the City of Marina the authority to regulate groundwater uses within the 
MGSA Area. 

1.5.5 ESTIMATE OF COST OF IMPLEMENTING THE MGSA GSP 
Regulation Requirements: 
§ 354.6(e) An estimate of the cost of implementing the Plan and a general description of how the Agency plans to meet 

those costs. 
 
Implementation of the MGSA GSP requires additional funding sources.  MGSA will apply for grants from 
outside sources to assist in reducing the cost of implementation for City of Marina residents, 
landowners, and cooperating agencies.  However, there will be a need to collect funds from 
groundwater extractors within the MGSA Area to support implementation.  For budgetary purposes, the 
estimated initial cost of implementation activities is $220,000 per year, including management action 
costs.  MGSA and Marina City Council will evaluate options for securing the needed funding.  Chapter 7 
(Plan Implementation) provides additional information on GSP implementation costs and funding 
sources.  
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1.6 GSP ORGANIZATION AND PREPARATION CHECKLIST  
This GSP was developed using the following documents and is consistent with requirements of the GSP 
Regulations and SGMA: 

• Guidance Document for the Sustainable Management of Groundwater, Groundwater 
Sustainability Plan Annotated Outline (DWR 2016b);  

• Guidance Document for the Sustainable Management of Groundwater, Preparation Checklist for 
GSP Submittal (DWR 2016c); and 

• Groundwater-Dependent Ecosystems under the Sustainable Groundwater Management Act: 
Guidance for Preparing Groundwater Sustainability Plans (TNC 2018). 

The remainder of the MGSA GSP is organized as follows: 

Chapter 2 – Plan Area 
Chapter 3 – Basin Setting 
Chapter 4 – Sustainable Management Criteria 
Chapter 5 – Monitoring Network 
Chapter 6 – Projects and Management Actions 
Chapter 7 – Plan Implementation 
Chapter 8 – References 

The Preparation Checklist for the GSP is provided in Table 1-1. 

The Executive Summary and Chapters 1 through 8 (text, tables, figures, and appendices) are provided in 
Volume I.  Comments received on the October 2019 Public Review Draft GSP, Master Responses, and 
the Response to Comment Matrix are provided in Volume II. 
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TABLE 1-1.  PREPARATION CHECKLIST FOR MGSA GSP SUBMITTAL 

GSP 
Regulations 
Section 

Water  
Code Section 

 
Requirement 

 
Description 

Section 
Number 
in GSP2 

Article 3. Technical and Reporting Standards 

352.2  Monitoring 
Protocols 

• Monitoring protocols adopted by the GSA for data 
collection and management 
• Monitoring protocols that are designed to detect 
changes in groundwater levels, groundwater quality, 
inelastic surface subsidence for basins for which 
subsidence has been identified as a potential 
problem, and flow and quality of surface water that 
directly affect groundwater levels or quality or are 
caused by groundwater extraction in the basin 

Appx 5.B 
 
Appx 5.B 
Appx 5.C 

Article 5. Plan Contents, Subarticle 1. Administrative Information 

354.4  General 
Information 

• Executive Summary 
• List of references 

Ex Sum 
8.0 

354.6  Agency 
Information 

• GSA mailing address 
• Organization and management structure 
• Contact information of Plan Manager 
• Legal authority of GSA 
• Estimate of implementation costs 

1.5.1 
1.5.2 
1.5.3 
1.5.4 
1.5.5 

354.8(a) 10727.2(a)(4) Map(s) • Area covered by GSP 
• Adjudicated areas, other agencies within the 
basin, and areas covered by an Alternative 
• Jurisdictional boundaries of federal or state land 
• Existing land use designations 
• Density of wells per square mile 

Fig 1-2 
Fig 1-3 
 
Fig 2-4 
Fig 2-7 
Fig 2-9 
Fig 2-10 
Fig 2-11 

354.8(b)  Description of 
the Plan Area 

• Summary of jurisdictional areas and other features 2.1 

354.8(c) 
354.8(d) 
354.8(e) 

10727.2(g) Water Resource 
Monitoring and 
Management 
Programs 

• Description of water resources monitoring and 
management programs 
• Description of how the monitoring networks of 
those plans will be incorporated into the GSP 
• Description of how those plans may limit 
operational flexibility in the basin 
• Description of conjunctive use programs 

2.2.1 -  
2.2.7 
2.2.8 
 
2.2.9 
 
2.2.10 

354.8(f) 10727.2(g) Land Use 
Elements or 
Topic 

• Summary of general plans and other land use 
plans 

2.3.1 
 
 

 
2 Volume I:  Executive Summary and Chapters 1 through 8 (text, tables, figures, and appendices). 
  Volume II: Comments on 2019 Public Review Draft GSP, Master Responses, and Response to Comment Matrix  
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GSP 
Regulations 
Section 

Water  
Code Section 

 
Requirement 

 
Description 

Section 
Number 
in GSP2 

Categories of 
Applicable 
General Plans 

• Description of how implementation of the GSP 
may change water demands or affect achievement 
of sustainability and how the GSP addresses those 
effects 
• Description of how implementation of the GSP 
may affect the water supply assumptions of relevant 
land use plans 
• Summary of the process for permitting new or 
replacement wells in the basin 
• Information regarding the implementation of land 
use plans outside the basin that could affect the 
ability of the Agency to achieve sustainable 
groundwater management 

2.3.2 
 
 
 
2.3.3 
 
 
2.3.4 
 
2.3.5 

354.8(g) 10727.4 Additional GSP 
Contents 

Description of Actions related to: 
• Control of saline water intrusion 
• Wellhead protection 
• Migration of contaminated groundwater 
• Well abandonment and well destruction program 
• Replenishment of groundwater extractions 
• Conjunctive use and underground storage 
• Well construction policies 
• Addressing groundwater contamination cleanup, 
recharge, diversions to storage, conservation, water 
recycling, conveyance, and extraction projects 
• Efficient water management practices 
• Relationships with state and federal regulatory 
agencies 
• Review of land use plans and efforts to coordinate 
with land use planning agencies to assess activities 
that potentially create risks to groundwater quality 
or quantity 
• Impacts on groundwater-dependent ecosystems 

 
2.4.1 
2.4.2 
2.4.3 
2.4.4 
2.4.5 
2.4.6 
2.4.7 
2.4.8 
 
 
2.4.9 
2.4.10 
 
2.4.11 
 
 
 
2.4.12 

354.10  Notice and 
Communication 

• Description of beneficial uses and users 
• List of public meetings 
• GSP comments and responses 
• Decision-making process 
• Public engagement 
• Encouraging active involvement 
• Informing the public on GSP implementation 
progress 

2.5.1 
2.5.3 
Volume II 
2.5.2 
2.5.3 
2.5.4 
MGSA 
Website 

Article 5. Plan Contents, Subarticle 2. Basin Setting 

354.14  Hydrogeologic 
Conceptual 
Model 

• Description of the Hydrogeologic Conceptual 
Model 
• Two scaled cross-sections 

3.1 
Fig 3-11 to 
Fig 3-13 



CHAPTER 1 – INTRODUCTION 
Groundwater Sustainability Plan 
for the City of Marina GSA Area of the 180/400 Foot Aquifer Subbasin January 2020 

 

1-16 

GSP 
Regulations 
Section 

Water  
Code Section 

 
Requirement 

 
Description 

Section 
Number 
in GSP2 

• Map(s) of physical characteristics: topographic 
information, surficial geology, soil characteristics, 
surface water bodies, source and point of delivery 
for imported water supplies 

Fig 3-4 
Fig 3-5 
Fig 3-6 
Fig 3-7 
Fig 3-8 
Fig 3-9 
Fig 3-10 

354.14(c)(4) 10727.2(a)(5) Map of 
Recharge Areas 

• Map delineating existing recharge areas that 
substantially contribute to the replenishment of the 
basin, potential recharge areas, and discharge areas 

Fig 3-19 

 10727.2(d)(4) Recharge Areas • Description of how recharge areas identified in the 
plan substantially contribute to the replenishment 
of the basin 

3.1.11 

354.16 10727.2(a)(1) 
10727.2(a)(2) 

Current and 
Historical 
Groundwater 
Conditions 

• Groundwater elevation data 
• Estimate of groundwater storage 
• Seawater intrusion conditions 
• Groundwater quality issues 
• Land subsidence conditions 
• Identification of interconnected surface water 
systems 
• Identification of groundwater-dependent 
ecosystems 

3.2.1 
3.2.2 
3.2.3 
3.2.4 
3.2.5 
3.2.6.1 
 
3.2.6.2 

354.18 10727.2(a)(3) Water Budget 
Information 

• Description of inflows, outflows, and change in 
storage 
• Quantification of overdraft 
• Estimate of sustainable yield 
• Quantification of current, historical, and projected 
water budgets 

3.3.5 to 
3.3.8 
3.3.12 
3.3.13 
3.3.9 to  
3.3.11 

 10727.2(d)(5) Surface Water 
Supply 

• Description of surface water supply used or 
available for use for groundwater recharge or in-lieu 
use 

3.3.6 

354.20  Management 
Areas 

• Reason for creation of each management area 
• Minimum thresholds and measurable objectives 
for each management area 
• Level of monitoring and analysis 
• Explanation of how management of management 
areas will not cause undesirable results outside the 
management area 
• Description of management areas 

NA 
NA 
 
NA 
NA 
 
 
NA 

Article 5. Plan Contents, Subarticle 3. Sustainable Management Criteria 

354.24  Sustainability 
Goal 

• Description of the sustainability goal 4.2 
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GSP 
Regulations 
Section 

Water  
Code Section 

 
Requirement 

 
Description 

Section 
Number 
in GSP2 

354.26  Undesirable 
Results 

• Description of undesirable results 
• Cause of groundwater conditions that would lead 
to undesirable results 
• Criteria used to define undesirable results for each 
sustainability indicator 
• Potential effects of undesirable results on 
beneficial uses and users of groundwater 

4.4.1 
4.5.1 
4.6.1 
4.7.1 
4.8.1 
4.9.1 

354.28 10727.2(d)(1) 
10727.2(d)(2) 

Minimum 
Thresholds 

• Description of each minimum threshold and how 
they were established for each sustainability 
indicator 
• Relationship for each sustainability indicator 
• Description of how selection of the minimum 
threshold may affect beneficial uses and users of 
groundwater 
• Standards related to sustainability indicators 
• How each minimum threshold will be 
quantitatively measured 

4.4.2 
4.5.2 
4.6.2 
4.7.2 
4.8.2 
4.9.2 

354.30 10727.2(b)(1) 
10727.2(b)(2) 
10727.2(d)(1) 
10727.2(d)(2) 

Measurable 
Objectives 

• Description of establishment of the measurable 
objectives for each sustainability indicator 
• Description of how a reasonable margin of safety 
was established for each measurable objective 
• Description of a reasonable path to achieve and 
maintain the sustainability goal, including a 
description of interim milestones 

4.4.3 
4.5.3 
4.6.3 
4.7.3 
4.8.3 
4.9.3 
 

Article 5. Plan Contents, Subarticle 4. Monitoring Networks 

354.34 10727.2(d)(1) 
10727.2(d)(2) 
10727.2(e) 
10727.2(f) 

Monitoring 
Networks 

• Description of monitoring network 
• Description of monitoring network objectives 
• Description of how the monitoring network is 
designed to: demonstrate groundwater occurrence, 
flow directions, and hydraulic gradients between 
principal aquifers and surface water features; 
estimate the change in annual groundwater in 
storage; monitor seawater intrusion; determine 
groundwater quality trends; identify the rate and 
extent of land subsidence; and calculate depletions 
of surface water caused by groundwater extractions 
• Description of how the monitoring network 
provides adequate coverage of Sustainability 
Indicators 
• Density of monitoring sites and frequency of 
measurements required to demonstrate short-term, 
seasonal, and long-term trends 
• Scientific rationale (or reason) for site selection 
• Consistency with data and reporting standards 

5.1 
5.1.1 
5.2.1 
 
 
 
 
 
 
 
 
5.2.2 
 
 
5.2.3 
 
 
5.2.4.1 
5.2.4.2 



CHAPTER 1 – INTRODUCTION 
Groundwater Sustainability Plan 
for the City of Marina GSA Area of the 180/400 Foot Aquifer Subbasin January 2020 

 

1-18 

GSP 
Regulations 
Section 

Water  
Code Section 

 
Requirement 

 
Description 

Section 
Number 
in GSP2 

• Corresponding sustainability indicator, minimum 
threshold, measurable objective, and interim 
milestone 
• Location and type of each monitoring site within 
the basin displayed on a map, and reported in 
tabular format, including information regarding the 
monitoring site type, frequency of measurement, 
and the purposes for which the monitoring site is 
being used 
• Description of technical standards, data collection 
methods, and other procedures or protocols to 
ensure comparable data and methodologies 

5.2.6 
 
 
Fig 5-2 
 
 
 
 
 
5.2.5 

354.36  Representative 
Monitoring 

• Description of representative sites 
• Demonstration of adequacy of using groundwater 
elevations as proxy for other sustainability 
indicators 
• Adequate evidence demonstrating that site 
reflects general conditions in the area 

5.1.3 
5.2.6 
 
 
5.2.1 
 

354.38  Assessment and 
Improvement 
of Monitoring 
Network 

• Review and evaluation of the monitoring network 
• Identification and description of data gaps 
• Description of steps to fill data gaps 
• Description of monitoring frequency and density 
of sites 

5.1.4 
5.2.7 
5.2.7 
5.2.3 
 

354.44  Projects and 
Management 
Actions 

• Description of projects and management actions 
that will help achieve the basin’s sustainability goal 
• Measurable objective that is expected to benefit 
from each project and management action 
• Circumstances for implementation 
• Public noticing 
• Permitting and regulatory process 
• Time-table for initiation and completion, and the 
accrual of expected benefits 
• Expected benefits and how they will be evaluated 
• How the project or management action will be 
accomplished. If the projects or management 
actions rely on water from outside the jurisdiction 
of the Agency, an explanation of the source and 
reliability of that water shall be included. 
• Legal authority required 
• Estimated costs and plans to meet those costs 
• Management of groundwater extractions and 
recharge 

6.1 
 
6.2.1.2 
 
6.2.1.4 
6.4 
6.2.1.5 
6.2.1.6 
 
6.2.1.3 
6.2.1.1 
 
 
 
 
6.3 
6.2.1.7 
NA 
 

354.44(b)(2) 10727.2(d)(3)  • Overdraft mitigation projects and management 
actions 

6.5 
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GSP 
Regulations 
Section 

Water  
Code Section 

 
Requirement 

 
Description 

Section 
Number 
in GSP2 

Article 8. Interagency Agreements 

357.4 10727.6 Coordination 
Agreements - 
Shall be 
submitted to 
the Department 
together with 
the GSPs for 
the basin and, if 
approved, shall 
become part of 
the GSP for 
each 
participating 
Agency 

Coordination Agreements shall describe the 
following: 
• A point of contact 
• Responsibilities of each Agency 
• Procedures for the timely exchange of information 
between Agencies 
• Procedures for resolving conflicts between 
Agencies 
• How the Agencies have used the same data and 
methodologies to coordinate GSPs 
• How the GSPs implemented together satisfy the 
requirements of SGMA 
• Process for submitting all Plans, Plan 
amendments, supporting information, all 
monitoring data and other pertinent information, 
along with annual reports and periodic evaluations 
• A coordinated data management system for the 
basin 
• Identification of adjudicated areas within the 
basin, and any local agencies that have adopted an 
alternative that has been accepted by the 
Department 

1.3 
1.4 
TBD 
TBD 
TBD 
 
TBD 
 
TBD 
 
TBD 
 
TBD 
 
 
 
TBD 
 
NA 

Notes:  Volume I:  Executive Summary, Chapters 1 through 8 text, tables, figures, and appendices. 
Volume II: Comments on 2019 Public Review Draft GSP, Master Responses, and Response to Comment Matrix 
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2 PLAN AREA  
Regulation Requirements: 
§354.8 Each Plan shall include a description of the geographic areas covered, including the following information: 
(a) One or more maps of the basin that depict the following, as applicable: 
   (1) The area covered by the Plan, delineating areas managed by the Agency as an exclusive Agency and any areas for which 

the Agency is not an exclusive Agency, and the name and location of any adjacent basins. 
   (2) Adjudicated areas, other Agencies within the basin, and areas covered by an Alternative. 
   (3) Jurisdictional boundaries of federal or state land (including the identity of the agency with jurisdiction over that land), 

tribal land, cities, counties, agencies with water management responsibilities, and areas covered by relevant general 
plans. 

   (4) Existing land use designations and the identification of water use sector and water source type. 
   (5) The density of wells per square mile, by dasymetric or similar mapping techniques, showing the general distribution of 

agricultural, industrial, and domestic water supply wells in the basin, including de minimis extractors, and the location 
and extent of communities dependent upon groundwater, utilizing data provided by the department, as specified in 
section 353.2, or best available information. 

 
This section provides a description of the Salinas Valley Groundwater Basin and its subbasins, including 
the 180/400 Foot Subbasin.  Special emphasis is placed on the area to which this Groundwater 
Sustainability Plan (GSP) applies, which is the Marina Groundwater Sustainability Agency jurisdiction 
(the MGSA Area), and vicinity.  The description includes cities and geographic features, disadvantaged 
communities (DACs), land use, federal and state parks and wildlife areas, and locations of groundwater 
wells.  The section also describes existing groundwater and surface water monitoring programs, existing 
water management programs, general and specific land use plans, and other agreements or programs 
applicable to the MGSA Area.  Additional GSP components are summarized as required, as well as 
information relating to notification and communication by MGSA with other agencies and interested 
parties.  

2.1 SUMMARY OF JURISDICTIONAL AREA AND OTHER FEATURES  
2.1.1 PLAN AREA AND JURISDICTIONS 

Regulation Requirements: 
§354.8(b) A written description of the Plan area, including a summary of the jurisdictional areas and other features depicted 

on the map. 

 

2.1.1.1 PLAN AREA COVERED BY THE GSP 

The Salinas Valley Groundwater Basin includes nine groundwater subbasins designated by the California 
Department of Water Resources (DWR) in Bulletin 118 (DWR 2004) and shown on Figure 2-1, including 
the 180/400 Foot Subbasin, East Side Aquifer Subbasin, Forebay Aquifer Subbasin, Upper Valley Aquifer 
Subbasin, Langley Area Subbasin, Monterey Subbasin, Seaside Subbasin, Atascadero Area Subbasin, and 
Paso Robles Area Subbasin.  The MGSA Area covers 372 acres at the western end of the 180/400 Foot 
Subbasin, which encompasses an area of approximately 84,400 acres (Figure 1-3).  The MGSA Area 
lateral limits are the Marina City Limits on the north and east, and the 180/400 Foot Aquifer Subbasin 
boundary on the west and south.  The western boundary coincides with the mean high tide line of the 
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Pacific Ocean.  The MGSA Area includes Assessor Parcel Numbers (APN) APN 203-011-001; APN 203-
011-019; and APN 203-011-020.   

Individual GSPs are being developed cooperatively for four subbasins under Salinas Valley Basin 
Groundwater Sustainability Agency (SVBGSA) jurisdiction in Monterey County, including the East Side 
Aquifer, Forebay Aquifer, Upper Valley Aquifer, and Langley Area Subbasins.  The Monterey Subbasin 
abuts the 180/400 Foot Aquifer Subbasin and the MGSA Area to the south and is under SVBGSA and 
Marina Coast Water District (MCWD) GSA jurisdiction (Figure 2-2).  It has been subdivided into the 
Corral de Tierra, Ord, and Marina Subareas.  SVBGSA has entered into a Framework Agreement with 
MCWD GSA to prepare a single GSP for the Monterey Subbasin.  SVBGSA will develop information for 
the Corral de Tierra Subarea and MCWD GSA will develop information for the Ord Subarea and the 
Marina Subarea, including the portion of the Monterey Subbasin that shares a boundary with MGSA 
(SVBGSA 2018b, MCWD 2018).  A GSP is not being prepared for the Seaside Subbasin because it is 
adjudicated.  Submittal of Alternative Plans is not being proposed for any of the subbasins of the Salinas 
Valley Groundwater Basin.   

The 180/400 Foot Aquifer Subbasin will be managed by three GSAs under two GSPs.  The three GSAs 
with jurisdiction in the Subbasin are MGSA, SVBGSA, and MCWD GSA, whose jurisdictional area extends 
into the Subbasin in the northern portions of its service area.  The portion of the 180/400 Foot Aquifer 
Subbasin that lies within the MGSA Area will be managed under this GSP.  The portion of the Subbasin 
that lies outside the MGSA Area will be managed under the more regional SVBGSA GSP.  Although 
MCWD agreed that SVBGSA would prepare the GSP for the 180/400 Foot Aquifer Subbasin, including its 
jurisdictional area, the parties agreed to actively consult with each other and review draft work products 
during the GSP development process for the 180/400 Foot Aquifer Subbasin.   

Figure 2-3 shows the City of Marina (City or Marina) boundaries and key geographic features in the 
vicinity of the MGSA Area.  The MGSA Area lies entirely within the city limits of the City and occupies an 
approximately 400-acre extension of the City along the coast west of State Highway 1 and south of the 
Salinas River.  Marina is a community of approximately 20,000 residents and is known for its unique 
Flandrian sand dunes and many protected wildlife species within its coastal areas.  Several other 
communities are located in the vicinity of Marina.  Seaside is on Highway 1 about 2 miles south of 
Marina and has a population of approximately 34,000.  Moss Landing, with a population of 200, is about 
10 miles north of Marina on Highway 1 at the mouth of Elkhorn Slough, which is one of the largest 
wetlands in California.  Castroville is an agricultural community of about 6,000 people located 10 miles 
north of Marina and 5 miles east of Moss Landing on State Route 183 in the Salinas Valley.  Salinas, also 
an agricultural community, is in the Salinas Valley about 6 miles east of Marina on Highway 101 and has 
a population of approximately 155,000.  

Figure 2-3 shows the DACs in the Salinas Valley area near Marina.  DWR defines DACs as census 
geographies with an annual median household income (MHI) that is less than 80 percent of the 
statewide annual MHI.  Severely disadvantaged communities (SDACs) are defined as census geographies 
with an MHI less than 60 percent of the statewide annual MHI.  DWR uses the most recently available 
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five-year American Community Survey (ACS) dataset to identify these areas.  DWR’s DAC Involvement 
Program is designed to ensure the involvement of DACs in Integrated Regional Water Management 
(IRWM) planning efforts.  Under Proposition 1, grant funding is available for implementation of water 
management activities that provide benefits to DACs.  Marina has several DAC areas within its 
boundaries and residents in those DACs utilize and recreate in beach, dune, and coastal habitat areas 
within the MSGA Area.   There are no DAC areas within the MGSA Area. 

2.1.1.2 FEDERAL, STATE, AND LOCALLY MANAGED LANDS AND PROTECTED AREAS 

The MGSA Area lies entirely within the City of Marina.  It lies outside the jurisdictional boundaries of any 
water agencies or utility service districts.  There are no federal or state lands within the MGSA Area.  The 
entire MSGA Area is located within the designated Coastal Zone under the California Coastal Act.  The 
City has approval and regulatory authority over all development in this Coastal Zone pursuant to its 
certified Local Coastal Program (LCP).  This authority includes revisions to its LCP and the issuance of 
coastal development permits.   

Federal, state, and locally managed lands and protected areas in the vicinity of the MGSA Area are 
shown in Figure 2-4 and described below: 

• Federal Jurisdiction.  A portion of the Fort Ord former Army base is within the 180/400 Foot 
Aquifer Subbasin southeast of the MGSA Area.  Although DWR land use dataset depicts this as 
federal land, most of these lands have been transferred to non-federal entities for reuse.  The 
United States Fish and Wildlife Service (USFWS) manages the Salinas River National Wildlife 
Refuge north of the MGSA Area.  The National Oceanic and Atmospheric Administration (NOAA) 
manages the Monterey Bay National Marine Sanctuary, which is a federally protected marine 
preserve that stretches along the central coast from San Francisco to Cambria and includes 
beaches, tide pools, kelp forests, an underwater canyon, and other marine features.   

• State Jurisdiction.  The California Coastal Commission retains some authority under the 
California Coastal Act for protection of coastal resources, shoreline public access and recreation.  
The California Department of Parks and Recreation (PARKS) manages Marina State Beach, which 
is a protected beach within the Marina City Limits that winds through the Marina Dunes Natural 
Preserve and Fort Ord Dunes State Park, which is south of Marina State Beach outside the 
Marina City limits.  PARKS also has jurisdiction over the Salinas River State Beach, Moss Landing 
State Beach, Salinas River Dunes Natural Preserve, and the Salinas River Mouth Natural 
Preserve.   

• County Jurisdiction.  The MGSA Area and the entire 180/400 Foot Aquifer Subbasin lie within 
Monterey County; and the County has land use jurisdiction over unincorporated County areas 
near the MGSA Area.  

• Monterey County Water Resources Agency Jurisdiction.  Originally established in 1947 as the 
Monterey County Flood Control and Water Conservation District in response to concerns about 
seawater intrusion and flooding in the Salinas Valley, the name of the agency was changed to 
the Monterey County Water Resources Agency (MCWRA) under Senate Bill 2580 in January 1991 
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to more accurately reflect its powers and functions (Monterey County 2019).  In addition to 
flood plain management and emergency flood-related preparedness, MCWRA has specified 
jurisdiction over matters pertaining to water and water supply within the entire Monterey 
County area, including both incorporated and unincorporated areas under the Monterey County 
Water Resources Agency Act (Agency Act).  MCWRA is authorized to conserve water in any 
manner; to buy, sell, and purvey water; and to prevent the waste or diminution of the water 
supply including control of groundwater extractions to prevent the loss of usable groundwater 
through seawater intrusion.   

Groundwater level measurement programs in the Salinas Valley began in the 1940s to 
investigate the cause and extent of seawater intrusion.  By monitoring groundwater levels 
throughout the Salinas Valley over time, MCWRA tracks storage changes and provides an 
ongoing assessment of the ability of groundwater supplies to meet pumping demands.  In 1992, 
MCWRA established several zones (Zones 2, 2A, 2B, 2Y, and 2Z) to institute water supply 
projects and collect assessments to fund them under various Monterey County Ordinances 
(MCWRA 2019c).  The MGSA Area is within Zone 2C, which covers 436,000 acres and was 
established in 2003 to collect assessments for operations and maintenance of the Nacimiento 
and San Antonio Dams, but is not within any other MCWRA established management zones.  
Monterey County Ordinance No. 3717 requires water suppliers within Zones 2, 2A, and 2B to 
report water-use information for groundwater extraction wells to MCWRA.  Several Ordinances 
(Nos. 3709 and 3790) have been enacted by MCWRA to reduce groundwater extractions and to 
regulate wells within portions of the Castroville Seawater Intrusion Project (CSIP) area (Figure 2-
6).  MCWRA collaborates with the Monterey County Health Department during the application 
and review process for permitting new water supply wells.  Under annexation agreements, the 
MCWRA has specified authority to allocate groundwater in the Central Marina and Ord 
Community service areas, which are shown on Figure 2-5.  

• City and Water Agency Jurisdiction.  The City of Marina has land use and water management 
authority within the incorporated area of the City, including the MGSA Area.  The land use 
designation of “Habitat Preserve and Other Open Space” in the General Plan (City of Marina 
2011), takes precedence over the zoning designation.  The current zoning of the MGSA Area is 
“Coastal Conservation and Development.”  A zoning map amendment is in progress to change 
the zoning to “Open Space.”   

MCWD provides potable water service to approximately 33,000 residents within its jurisdictional 
boundaries, including the City of Marina.  The Central Marina service area encompasses 3.2 
square miles, and its sphere of influence encompasses an additional 2.4 square miles.  The Ord 
Community service area encompasses 8.7 square miles.  Three of MCWD’s wells are located in 
Central Marina and five wells are in the Ord Community.  MCWD’s jurisdictional area also 
includes the Ord Development parcels (approximately 6 square miles).  Portions of MCWD’s 
Central Marina and Ord Community service areas extend into the 180/400 Foot Aquifer 
Subbasin as shown on Figure 2-5 and MCWD GSA has jurisdiction to administer the 
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requirements of SGMA over those areas.  MCWD’s jurisdictional boundaries do not include the 
MGSA Area.   

• Pure Water Monterey and Castroville Seawater Intrusion Projects.  The CSIP system is owned 
by MCWRA but operated by Monterey Regional Water Pollution Control Agency (MRWPCA), 
now Monterey One Water (M1W).  CSIP is the distribution system for recycled wastewater 
produced by the Regional Treatment Plant and consists of 45 miles of pipelines and 22 wells.  
The CSIP supplies a combination of recycled water, Salinas River water, and Salinas Valley 
groundwater for irrigation of 12,000 acres of farmland in its jurisdictional area near and 
southwest of Castroville (Figure 2-6).  The Pure Water Monterey (PWM) Groundwater 
Replenishment (GWR) Project, proposed by M1W in partnership with Monterey Peninsula 
Water Management District (MPWMD), will increase the amount of recycled water available to 
the CSIP system for crop irrigation within the CSIP service area and will also provide 3,500 acre-
feet per year (AFY) of potable water for the Monterey Peninsula communities to the south of 
the City.   

• Parks, Preserves, and Other Protected Areas.  Several other entities support local, state, and 
federal water management and/or natural habitat management partners in the vicinity of the 
MGSA Area.  The active dunes underlying the MGSA Area are part of the more extensive 
Monterey Dunes, which extend from Monterey Harbor north to the Salinas River mouth.  
Monterey Peninsula Regional Park District (MPRPD) manages the Marina Dunes Natural 
Preserve, which is a narrow strip of land consisting of coastal strand and dune habitat (Figure 2-
4).  A large area of environmentally sensitive habitat is located along the coast in the Marina 
Dunes Preserve and to the north in the Marina Dunes (MRPD 2005).   

MPRPD also manages Locke-Paddon Wetland Community Park, which is a 17-acre wetland area 
that holds a freshwater “vernal pond” that provides habitat for a range of avian wildlife within 
the City of Marina.  Acquisition of the last remaining private parcel bordering the pond is 
currently underway by MPRPD and will complete a 15-year effort that will also begin the final 
phase of its original goal – enhancement and restoration of the ponds as critical coastal wetland 
habitat.  As described in Section 3.2.6.1.2, there are six vernal pond areas in the vicinity of 
Marina, including similar palustrine and emergent wetland features east of the MGSA Area, 
which were evaluated using procedures recommended by The Nature Conservancy and 
identified as likely GDEs.  Although groundwater-level data were not available for the vicinity of 
Locke-Paddon Wetland Community Park, it appears to be in a similar setting and may also be a 
GDE.   

Appendix 2.A provides the results from the California Natural Diversity Database (CNDDB) query 
including maps of species occurrences and a species list.  Section 2.2.5 describes critical habitat 
zones that have been mapped within the MGSA Area and vicinity. 
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2.1.2 LAND USE 
Figure 2-7 shows the land use in the vicinity of the MGSA Area.  Land use patterns surrounding the 
MGSA Area are dominated by agriculture in the Salinas Valley to the east, and open space (conservation) 
to the north and south.  Mixed use urban developments associated with the City of Marina are located 
to the southeast.  The top three crops by value in Monterey County in 2018 were lettuce, strawberries, 
and broccoli (Monterey County 2018).  Other crops included tomatoes, spinach, cauliflower, wine 
grapes, artichokes, and celery.   

The MGSA Area is located outside the Urban Growth Limits of the City of Marina and has a land use 
designation of “Habitat Preserve and Other Open Space” (City of Marina 2011).  It is zoned “Coastal 
Conservation and Development;” however, an amendment to change the zoning to “Open Space” is in 
progress and will require approval of the California Coastal Commission.  Marina covers an area of 10 
square miles and is sheltered from Monterey Bay by coastal sand dunes.  Approximately 2 square miles 
of the City and 3 miles of coastline are within the California Coastal Zone with a designated land use of 
Coastal Conservation and Development in the local Coastal Plan (City of Marina 2013a, 2013b, 2019).  
The Coastal Zone and City of Marina boundaries and urban areas, as well as parks, preserves, rivers, 
ponds, and protected areas, are shown on Figure 2-4.  The coastal area of the city is generally divided 
north and south by Reservation Road.  The predominant coastal use in the area to the south of 
Reservation Road is state beach.  To the north, within the MGSA Area, the ownership is private, and the 
primary current use is sand mining, chiefly from the tidal zone but also from the dunes.  

Figure 2-8 shows the existing surface conditions within the MGSA Area, which are predominantly dune 
sands.  There are four artificial ponds within the MGSA Area on the CEMEX plant site that were 
constructed to support industrial operations: a dredge pond and three percolation ponds for saline 
process water.  The MGSA Area is characterized by Flandrian dune habitat on dunes formed at the end 
of the last Ice Age (WRA 2018).  Flandrian dune habitat is protected under federal, state, and local 
jurisdiction in accordance with the California Coastal Act.  These dunes are highly vulnerable to wind and 
wave erosion, and plants established on the dunes can withstand loose shifting soils and harsh 
conditions.  This coastal dune habitat supports seven special-status plant species and is associated with 
certain special-status animal species (WRA 2018).   

The MGSA Area is comprised of Primary and Secondary Habitat as defined under the City of Marina LCP 
(City of Marina 2013a), which are considered Environmentally Sensitive Habitat Areas (ESHAs) that are 
designated protected areas within the Coastal Zone of California under the California Coastal 
Act.  Primary Habitat includes:  

“1. Habitat for all identified plant and animal species which are rare, endangered threatened, or 
are necessary for the survival of an endangered species. 

2. Vernal ponds and their associated wetland vegetation. 
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3. All native dune vegetation, where such vegetation is extensive enough to perform the special 
role of stabilizing Marina’s natural sand dune formations. 

4. Areas otherwise defined as Secondary Habitat that have an especially valuable role in an 
ecosystem for sensitive plant or animal life, as determined by a qualified biologist approved by 
the City [Resolution No. 2001-118 (October 16, 2001); approved by the California Coastal 
Commission on November 14, 2001].” 

The Coastal Act requires that ESHAs “shall be protected against any significant disruption of habitat 
values, and only uses dependent on those resources shall be allowed within those areas” (Public 
Resources Code, § 30240(a)).  Similarly, the Marina LCP limits development in Primary Habitat.   

State and federally protected species that have been observed within the MGSA Area or have moderate 
or high potential to occur are listed in Table 2-1.  

TABLE 2-1.  STATE OR FEDERALLY PROTECTED SPECIES WITH POTENTIAL TO OCCUR WITHIN THE MGSA AREA 

Species Federal/State Status MGSA Area 

Monterey spineflower  
(Chorizanthe pungens var. pungens) 

Federally threatened Observed 

Robust spineflower  
(Chorizanthe robusta) 

Federally endangered Moderate potential 

Seaside birds-beak  
(Cordylanthus rigidus) 

State endangered Moderate potential 

Menzies’ wallflower  
(Erysimum menziesii) 

Federally endangered 
State endangered 

Moderate potential 

Sand gilia  
(Gilia tenuiflora ssp. arenaria) 

Federally endangered 
State threatened 

High potential 

Smith’s blue butterfly  
(Euphilotes enoptes smithi) 

Federally endangered High potential 

Western snowy plover  
(Charadrius nivosus nivosus) 

Federally threatened 
California Species of Special Concern 

Observed 

Source: WRA (2018) Review of Biological Resources Components of the Coastal Development Permit Application for the 
Monterey Peninsula Water Supply Project  

 

Exhibit A of the Marina Local Coastal Land Use Plan (LCLUP), which is part of the LCP, lists a number of 
other special-status plant and animal species that have been observed or have a moderate to high 
potential to occur within the MGSA Area including the globose dune beetle (Coelus globosus), California 
legless lizard (Anniella pulchra), Salinas kangaroo rat (Dipodomys heermanni goldmani), seaside painted 
cup (Castilleja latifolia ssp. Latifolia), Eastwood’s ericameria (Ericameria fasciculata), coast wallflower 
(Erysimum ammophilum), coastal dunes milkvetch (Astragulus tener var. titi), dune gilia (Gilia tenuiflora 
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var. arenaria), wild buckwheat (Eriogonum latifolium, Eriogonum parvifolium),1 and the bush lupine 
(Lupinum ssp.)2 (City of Marina 2013a).   

Marina has been involved in decades of efforts to end the current sand mining activities in the MSGA 
Area, which have proven to be a very environmentally destructive use for these coastal resources.  In 
2017, after combined enforcement actions by the California Coastal Commission, the State Lands 
Commission, and the City, a comprehensive settlement agreement was entered into with RMC Pacific 
Minerals, doing business as CEMEX, to end this sand mining by December 31, 2020.  RMC is thereafter 
required to fully reclaim and restore the site.   

The settlement also requires CEMEX to transfer the entire site, including the area where the slant wells 
would be located, at a reduced purchase price to a non-profit organization or government entity 
approved by the Coastal Commission and the City.  As part of this conveyance, a deed restriction will be 
put in place to protect the property and limit its potential uses to public access, conservation, low-
impact passive recreation, and public education.  These provisions will improve public access and 
enjoyment of the property, and will provide many benefits to site habitats.   

2.1.3 WATER USE AND SOURCES 
Three water supply sources are available in the 180/400 Foot Aquifer Subbasin: groundwater, surface 
water, and recycled water.  Groundwater is the primary water source for all water use sectors in the 
Subbasin.  Municipal areas that depend on groundwater in the vicinity of the MGSA Area are shown on 
Figure 2-6.  Urban demand in the vicinity of the MGSA Area is met solely by groundwater.  MCWD 
supplies water to Central Marina and the Ord Community service areas from groundwater in the 
180/400-Foot Aquifer and Deep Aquifer.  From 2000 to 2014 (pre-drought average), MCWD delivered 
about 2,300 AFY of water from the 180/400-Foot Aquifer and 2,000 AFY of water from the Deep 
Aquifers underlying the Monterey and 180/400 Foot Subbasin to its customers in the Central Marina 
service area (MCWD 2019c).  In 2018, MCWD delivered about 1,100 AFY from the 180/400-Foot Aquifer 
and 2,300 AFY from the Deep Aquifer (MCWD 2019c).  MCWD entered into an agreement with M1W to 
provide up to 1,427 AFY of reclaimed water from their Advanced Water Treatment Facility via the PWM 
pipeline for delivery to their Ord Community service area customers for commercial irrigation and other 
uses as part of the Regional Urban Water Augmentation Program (RUWAP, MCWD 2019b). 

Although groundwater is also used for agricultural and rural residential domestic supply, small 
community systems, schools, and small commercial operations, the seawater intruded area on the 
northwestern side of the Subbasin (where the MGSA Area is located) receives a combination of recycled 
water, surface water, and groundwater from the Deep Aquifers as part of a conjunctive use strategy 
intended to decrease groundwater dependence in the seawater intruded area (refer to Section 2.2.10).  
In the region surrounding the MGSA Area, water from the Salinas Valley Reclamation Project is used on 
farmland in the CSIP service area, which is shown on Figure 2-6 (Brown and Caldwell 2015).  This 
includes land immediately east of the MGSA Area.  The Salinas River Diversion Facility (SRDF) also 

 
1 Only within the range of Smith’s blue butterfly. 
2 Only within the range of the California legless lizard. 
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provides treated river water to cropland in this area, which reduces the need to pump groundwater 
except during periods of high demand.   

Figure 2-9, Figure 2-10, and Figure 2-11 show the density of domestic, municipal, and production wells 
per square mile in the vicinity of the MGSA Area, as available from the DWR Well Completion Report 
Map Application (DWR 2019a).  Domestic wells are largely private residential wells.  Municipal wells, or 
public supply wells, are the primary water source for urban and rural communities.  Production wells are 
used primarily for agricultural irrigation and the remainder for industrial purposes.  In the Pressure 
Subarea of the Salinas Valley Groundwater Basin, which includes the 180/400 Foot Aquifer Subbasin and 
the Monterey Subbasin, approximately 88% of the groundwater pumped is for agricultural use and 12% 
is for domestic and municipal use combined (MCWRA 2017b).  The well count within the MGSA Area is 
summarized in Table 2-2.  CEMEX has two production wells at the CEMEX Lapis Plant sand mine site.  
One well is active, and the second CEMEX well has collapsed casing and cannot be used without re-
drilling.  A test slant well was constructed to test the feasibility of a subsurface groundwater supply for a 
desalination plant as part of California American Water Company’s (CalAm’s) proposed Monterey 
Peninsula Water Supply Project (MPWSP).  This well is currently scheduled to be closed in 2020 pursuant 
to the permit issued for it by the California Coastal Commission. 

TABLE 2-2.  MGSA AREA WELL COUNT SUMMARY 

Category Number 
of Wells 

Domestic 0 

Municipal (MPWSP Test Slant Well) 1 

Industrial (CEMEX) 2 

Total 3 
Source: DWR (2019) Well Completion Report Map Application   
 

2.2 WATER RESOURCES MONITORING AND MANAGEMENT PROGRAMS  
Regulation Requirements: 
§354.8(c) Identification of existing water resource monitoring and management programs, and description of any such 

programs the Agency plans to incorporate in its monitoring network or in development of its Plan. The Agency may 
coordinate with existing water resource monitoring and management programs to incorporate and adopt that program 
as part of the Plan. 

§354.8(d) A description of how existing water resource monitoring or management programs may limit operational 
flexibility in the basin, and how the Plan has been developed to adapt to those limits. 

§354.8(e) A description of conjunctive use programs in the basin. 
 
The existing water resources monitoring and management programs within and surrounding the MGSA 
Area are a collection of local, regional, state, and federal programs, each serving its own specific 
function.  Existing monitoring within the Subbasin is performed for a variety of purposes by a variety of 
entities.  This collection of programs will provide data to assist in meeting monitoring needs under the 
Sustainable Groundwater Management Act (SGMA); however, as pointed out in the SVBGSA GSP 
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(SVBGSA 2019), some redundancies, inconsistent protocols, and variable timing of monitoring will need 
to be improved during SGMA implementation.  Data from the following agencies and programs is 
potentially relevant to groundwater management in the 180/400 Foot Aquifer Subbasin: 

Statewide Monitoring Programs (Agencies and Databases): 

• California Data Exchange Center (CDEC) 

• California Department of Pesticide Regulation (CDPR) 

• California Environmental Data Exchange Network (CEDEN) 

• California State Water Resources Control Board (SWRCB) 
o GeoTracker GAMA 
o Division of Drinking Water (DDW) 

• Department of Water Resources (DWR) 
o California Statewide Groundwater Elevation Monitoring (CASGEM) 
o California Statewide Groundwater Elevation Monitoring Groundwater Information 

Center Interactive Mapping Application (GICIMA) 
o Water Data Library (WDL) 
o Online System for Well Completion Reports (OSWCR) 
o SGMA Data Viewer 

• United States Geological Survey (USGS) 
o Water Resources Information System 
o Groundwater Ambient Monitoring and Assessment Program (GAMA) 

Regional Monitoring Programs: 

• Monterey Peninsula Water Management District (MPWMD) 
o Irrigated Lands Regulatory Program (ILRP) 

• Monterey Peninsula Groundwater Replenishment Program (GWR) 

Local Monitoring Agencies and Companies: 

• Monterey County Water Resources Agency (MCWRA) 

• United States Army (Army) Fort Ord 

• Marina Coast Water District (MCWD) 

• Salinas Valley Basin Groundwater Sustainability Agency (SVBGSA) 

• California American Water Company (CalAm) 

• City of Marina 

See Section 2.2.1 and Chapter 5 (Monitoring Networks) for a description of the monitoring programs 
that will be used in implementation of the MGSA GSP. 
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2.2.1 GROUNDWATER LEVEL MONITORING 
2.2.1.1 MCWRA GROUNDWATER LEVEL MONITORING 

MCWRA has responsibility to monitor groundwater levels, collect water quality data, and collect 
pumping data in order to inform efforts to address seawater intrusion in the Salinas Valley Groundwater 
Basin.  Based on information posted on the MCWRA Groundwater Level Monitoring webpage (MCWRA 
2019b), the agency collects the following groundwater level monitoring data: 

• MCWRA collects monthly groundwater level measurements at more than 90 wells throughout 
the Salinas Valley.  Of these wells, 38 are in the Subbasin, and one well is located southwest of 
the Salinas River within approximately 2 miles of the MGSA Area, which is the general area of 
interest with respect to collection of groundwater level data that are relevant to the MGSA 
Area.  MCWRA processes these monthly measurements to develop a computed average of 
depth to water. 

• Each fall, MCWRA collects annual groundwater level measurements from approximately 450 
wells in the Salinas Valley Groundwater Basin.  Of these, 120 wells are in the Subbasin, and one 
well is located southwest of the Salinas River within approximately 2 miles of the MGSA Area.  
MCWRA uses these annual measurements to develop contour maps depicting the groundwater 
table elevation. 

• MCWRA collects groundwater level measurements every August at approximately 150 wells in 
the Subbasin, and one well is located southwest of the Salinas River within approximately 2 
miles of the MGSA Area to establish the location and extent of groundwater pumping 
depressions that drive seawater intrusion.  The August measurements usually coincide with the 
end of the irrigation season, and groundwater levels at this time reflect low groundwater 
elevations before the onset of seasonal winter recharge.  These pumping depressions occur in 
the Pressure 180-Foot and Pressure 400-Foot Aquifers between the City of Salinas and the coast.  
MCWRA uses the August groundwater elevation data to develop groundwater contour maps of 
the coastal pumping depressions in odd-numbered years.  

2.2.1.2 CALIFORNIA STATEWIDE GROUNDWATER ELEVATION MONITORING 

MCWRA is the responsible monitoring entity for the California Statewide Groundwater Elevation 
Monitoring (CASGEM) Program in Monterey County.  The monitoring network comprises 51 wells 
throughout the Salinas Valley, which are a subset of the wells monitored by MCWRA described in the 
previous section.  Of these wells, 23 are in the Subbasin, and one is located within approximately 2 miles 
of the MGSA Area.  Some of the CASGEM monitoring wells are CASGEM compliance wells and others are 
“voluntary wells” that are not officially part of the CASGEM program.  MCWRA collects quarterly 
groundwater elevation data from the CASGEM wells and reports the groundwater elevation data to 
DWR twice per year.  Figure 2-12 shows the locations of the CASGEM monitoring wells in the MGSA Area 
and local vicinity.  
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2.2.1.3 PROPOSED MONTEREY PENINSULA WATER SUPPLY PROJECT (MPWSP) MONITORING 

CalAm currently proposes to a complete a series of slant wells within the MGSA Area to serve as a 
source water intake for its MPWSP desalination project.  This project is in the process of applying for 
permits from local, state, and federal agencies, and therefore may or may not be fully approved.  There 
are currently eight monitoring well clusters with 24 wells within and near the MGSA Area that were 
installed in 2015 to monitor test slant well pumping for MPWSP design and environmental studies (HWG 
2017).  Each of these clusters has a well completed in the Dune Sand Aquifer (DSA), the 180-Foot 
Aquifer, and the 400-Foot Aquifer  The existing clusters are designated MW-1, MW-3, MW-4, MW-5, 
MW-6, MW-7, MW-8, and MW-9 (the MW-2 cluster was not constructed).3   

Pursuant to the Mitigation Monitoring and Reporting Program (MMRP) for MPWSP, MCWRA will take 
over monitoring of these wells to augment its existing regional groundwater monitoring network to 
focus on the area that could be affected by the proposed slant wells.  Under the MMRP for the proposed 
MPWSP, MCWRA will construct five additional well clusters with three wells each at locations MW-A, 
MW-B, MW-C, MW-D, and MW-E, and construct another well at MW-5S screened in the DSA below a 
perched zone, to expand the network of nested monitoring wells to a total of 40 wells (Zidar and Feeney 
2019).  The locations of these existing and proposed wells are shown in Figure 2-13.  In addition, under 
the MMRP, MCWRA will monitor a number of other existing wells in the vicinity of the MGSA Area that 
are in the MCWRA, MCWD, or Fort Ord monitoring networks, including 10 wells completed in the DSA, 
eight wells completed in the 180-Foot Aquifer, five wells completed in the 400-Foot Aquifer, and eight 
wells completed in the Deep Aquifer.  MCWRA will also monitor six nested monitoring wells in the Deep 
Aquifer constructed by the United States Geological Survey (USGS) at two locations approximately ½-
mile south of the MGSA Area.  Groundwater levels are monitored in the existing wells on a quarterly 
basis and recorded continuously using pressure transducers.   

It should be noted that MGSA is currently developing an agreement with MCWRA which includes, 
among other things, a provision that should the MPWSP not move forward, MCWRA, MGSA and other 
agencies with jurisdiction in the area will work together to develop and implement a suitable monitoring 
program in the nearshore area of the Subbasin.   

2.2.2 GROUNDWATER EXTRACTION MONITORING 
MCWRA collects groundwater extraction information from all wells in the Subbasin that have discharge 
pipes of three inches or greater in diameter.  These data have been collected since 1993.  Extraction is 
self-reported by well owners and summarized by MCWRA in annual Groundwater Extraction Summary 
Reports.  The most recent report available on the MCWRA website is the 2015 report, which was 
finalized in April 2017 (MCWRA 2017b).  Extraction data are available for the CEMEX wells in the MGSA 
Area, which extract groundwater from the 180-Foot and 400-Foot Aquifers.  An additional irrigation well 

 
3 Monitoring data indicate that MW‐5S is screened in a perched aquifer above the DSA.  Therefore, the monitoring well has 
been re‐designated as MW‐5S(P) to indicate that it is representative of a local perched aquifer.  Similarly, MW‐6D is screened in 
the lower portion of the 180‐Foot Aquifer and has been re‐designated as MW‐6M(L) to indicate that it represents the 180‐Foot 
Aquifer. 
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that extracts groundwater from the Deep Aquifer is located within approximately 1.4 miles of the MGSA 
Area.   

2.2.3 GROUNDWATER QUALITY MONITORING 
2.2.3.1 PROPOSED MONTEREY PENINSULA WATER SUPPLY PROJECT MONITORING 

The monitoring well clusters installed within and near the MGSA Area for the proposed MPWSP are used 
to collect quarterly water quality data.  In addition, specific conductance sensors have been deployed in 
the wells to monitor conductivity (correlated with salinity) continuously.  As discussed above, MCWRA 
will assume monitoring responsibility for these wells and plans to install five additional monitoring well 
clusters at the locations shown on Figure 2-13.  

2.2.3.2 MCWRA SEAWATER INTRUSION MONITORING  

MCWRA monitors seawater intrusion in the Salinas Valley with a network of 121 monitoring wells in the 
Subbasin.  Of those, 96 wells are agricultural production wells that are sampled annually in June and 
August (during peak pumping), and 27 wells are dedicated monitoring wells that are owned by MCWRA 
and monitored at regular intervals.  Water quality samples from the wells are analyzed for major anions 
and cations, and conductivity.  The data are used to develop time-series plots of chloride and 
conductivity trends, to create Stiff and Piper diagrams, and to compute molar ratios of chloride to 
sodium.  The data are also used to prepare maps of seawater intrusion in the 180-Foot and 400-Foot 
Aquifers in odd-numbered years.  Additional information about the occurrence and extent of seawater 
intrusion in both the 180-Foot and 400-Foot Aquifers is provided in Section 3.2.3.   

2.2.3.3  OTHER PROGRAMS 

Groundwater quality is monitored under several different programs and by different agencies as follows: 

• Municipal and community water purveyors, such as MCWD, collect water quality samples on a 
routine basis for compliance monitoring and reporting to California DDW. 

• USGS collects water quality data on a routine basis under the GAMA Program.  These data are 
accessible in the SWRCB GeoTracker GAMA database, which also includes data from other water 
quality monitoring programs.  Figure 2-14 shows the location of wells in the California GAMA 
GeoTracker database for which water quality data are available within the Subbasin in the 
vicinity of the MGSA Area.  One well is located within approximately 2 miles of the MGSA Area. 

• The Army conducts groundwater quality monitoring in the “A-Aquifer” (the local equivalent of 
the DSA) and 180-Foot Aquifer at Fort Ord. 

• Multiple sites are monitoring groundwater quality as part of investigation or compliance 
monitoring programs through the Central Coast Regional Water Quality Control Board 
(CCRWQCB). 
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2.2.4 SURFACE WATER MONITORING 
Streamflow gages operated by the USGS in the vicinity of the MGSA Area include the following: 

• Reclamation Ditch near Salinas (USGS Site #11152650) 

• Salinas River near Spreckels (USGS Site #11152500) 

Water levels (stage) in the Salinas River Lagoon are measured by MCWRA at Monte Road and near the 
slide gate to the Old Salinas River.  Monitoring river flow allows MCWRA to manage reservoir releases as 
well as operations at the SRDF throughout the year.  The locations of the surface-water monitoring 
gages are depicted in Figure 2-15.  

2.2.5 WILDLIFE PRESERVE AND CRITICAL HABITAT MONITORING 
National wildlife refuges, coastal preserves, sensitive habitats, and critical riparian and aquatic habitat 
areas are managed and monitored under the oversight of the relevant agencies (United States Fish and 
Wildlife Service (USFWS), California Department of Fish and Wildlife (CDFW), and local entities, which 
conduct monitoring as necessary.  Critical habitat for Western snowy plover exists along the western 
shoreline of the MGSA Area, extending to the north and south (USFWS 2019).  Critical habitat for 
tidewater goby (Eucyclogobius newberryi) lies to the north within the Salinas River National Wildlife 
Refuge and mouth of the Salinas River.  MGSA will coordinate GSP implementation, monitoring, and 
management efforts with these responsible agencies as necessary to avoid the occurrence of 
undesirable results. 

2.2.6 EXISTING WATER MANAGEMENT PROGRAMS AND PLANS 
2.2.6.1 MONTEREY COUNTY GROUNDWATER MANAGEMENT PLAN 

MCWRA developed a Groundwater Management Plan (GMP) that is compliant with Assembly Bill (AB) 
3030 and Senate Bill (SB) 1938 legislation (MCWRA 2006) and covers the Salinas Valley Groundwater 
Basin in Monterey County (exclusive of the Seaside and Paso Robles Subbasins).  In the 180/400 Foot 
Subbasin, this GMP will be superseded by this GSP and by the SVBGSA GSP covering the remainder of 
the Subbasin.  The GMP is predicated in the finding that management of the County’s natural water 
resources is critical to ensuring a long-term sustainable, reliable, and good quality water supply, and 
includes objectives and plan elements that are incorporated into these GSPs.   

The GMP identifies three groundwater management objectives: 

• Objective 1: Development of Integrated Water Supplies to Meet Existing and Projected Water 
Requirements; 

• Objective 2: Determination of Sustainable Yield and Avoidance of Overdraft; and 

• Objective 3: Preservation of Groundwater Quality for Beneficial Use.  

To accomplish these objectives, the GMP identifies 14 elements that include a number of effective 
ongoing water management activities and new activities for expanded conjunctive use of supplemental 
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surface water and recycled water with groundwater.  The elements reflect the wider focus on 
groundwater management, which includes continued cooperation among groundwater suppliers and 
groundwater users in the basin.  Plan elements to be implemented by MCWRA include the following: 

• Plan Element 1: Monitoring of Groundwater Levels, Quality, Production, and Subsidence; 

• Plan Element 2: Monitoring of Surface Water Storage, Flow, and Quality;  

• Plan Element 3: Determination of Basin Yield and Avoidance of Overdraft;  

• Plan Element 4: Development of Regular and Dry Year Water Supply;  

• Plan Element 5: Continuation of Conjunctive Use Operations; 

• Plan Element 6: Short-Term and Long-Term Water Quality Management; 

• Plan Element 7: Continued Integration of Recycled Water; 

• Plan Element 8: Identification and Mitigation of Groundwater Contamination; 

• Plan Element 9: Identification and Management of Recharge Areas, Wellhead Protection Areas; 

• Plan Element 10: Identification of Well Construction, Abandonment, and Destruction Policies; 

• Plan Element 11: Continuation of Local, State, and Federal Agency Relationships; 

• Plan Element 12: Continuation of Public Education and Water Conservation Programs; 

• Plan Element 13: Groundwater Management Reports; and 

• Plan Element 14: Provisions to Update the Groundwater Management Plan. 

2.2.6.2 INTEGRATED REGIONAL WATER MANAGEMENT PLAN 

The Greater Monterey County Integrated Regional Water Management Plan (IRWMP) was developed by 
the Greater Monterey County Regional Water Management Group (RWMG) (RWMG 2018), which 
consists of government agencies, nonprofit organizations, educational organizations, water service 
districts, private water companies, and organizations representing agricultural, environmental, and 
community interests.  The MGSA Area of the Subbasin falls within the IRWMP area.  

Goals and objectives identified by RWMG as critical to address water resource issues within the IRWMP 
area encompass the following: 

• Water supply; 
• Water quality; 
• Flood protection and floodplain management; 
• Environment; 
• Regional communication and cooperation; 
• DACs; and 
• Climate change. 

The IRWMP includes more than 25 projects related to regional groundwater management. 
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2.2.6.3 MCWD URBAN WATER MANAGEMENT PLAN 

The MCWD Urban Water Management Plan (UWMP) (Schaaf & Wheeler 2016) describes MCWD’s 
service area; reports historical and projected populations; identifies historical and projected water 
demand by category (single-family, multi-family, commercial, industrial, institutional/government, and 
other); identifies water supplies, and describes the distribution system and associated losses.  MCWD 
currently relies solely on groundwater.  MCWD has two separate service areas: Central Marina, which 
encompasses the portion of the City of Marina outside former Fort Ord, and the Ord Community.  There 
are three municipal water production wells in the Central Marina service area completed in the 900-
Foot Aquifer (Deep Aquifer).  Five municipal production wells are located in the Ord Community service 
area, three completed in the lower 180/400-Foot Aquifer (Wells 29, 30, and 31), one in the 400-
Foot/Deep Aquifer (Well 35), and one in the Deep Aquifer (Well 34) (MCWD 2019b).  MCWD also has a 
small seawater desalination plant located at its main office adjacent to Marina State Beach.  Although 
the facility is not currently in use, it has a design capacity of 300 AFY (Schaaf & Wheeler 2016). 

Water use during 2015 for both the Marina and Ord communities was about 3,200 AFY.  Based on 
estimates in the MCWD UMWP, there will be a shortfall of approximately 3,000 AFY in allocated supplies 
for MCWD’s combined Central Marina and Ord Community service systems to meet projected demand 
by 2035.  To address the shortfall, MCWD is looking at various methods of enhancing the water supply 
including stormwater capture, water recycling, desalination, and conservation and efficient use of water.  
These water supply projects are described in Section 2.2.10.  MCWD’s Board of Directors has also 
considered purchasing surface water rights in the Salinas River Basin as a means of meeting long-term 
(beyond 2030) demands.  In addition, MCWD is conducting a three-party planning process (with Fort 
Ord Reuse Authority [FORA] and M1W) to identify new water supply options for development in the 
Fort Ord area (MCWD 2019c).  The study began in October 2018 and is anticipated to be completed in 
early 2020.  The study will identify and evaluate water supply alternatives for Fort Ord based on 
technical/regulatory feasibility, cost/benefit, effectives, among a set of criteria that align with the 
programs’ strategic goal.  

2.2.6.4 ANNEXATION AGREEMENTS 

In 1993, the United States Government, represented by the Army, and MCWRA entered into an 
agreement entitled Annexation of Fort Ord into Zones 2 and 2A of the Monterey County Water Resources 
Agency (1993 Annexation Agreement).  The purpose of the 1993 Annexation Agreement was to provide 
terms and conditions under which the Fort Ord Lands could be annexed to MCWRA zones to become 
part of MCWRA’s regional water supply system and to mitigate the effects of seawater intrusion in the 
Salinas Valley Basin.   

In 1996, the City of Marina and other parties entered into an agreement with RMC Lonestar (the owner 
of the CEMEX Property that now comprises the MGSA Area) entitled Annexation Agreement and 
Groundwater Mitigation Framework for Marina Area Lands (1996 Annexation Agreement).  The purpose 
of the 1996 Annexation Agreement is to “help reduce seawater intrusion and protect the groundwater 
resource and preserve the environment of the Salinas River Groundwater Basin” and to provide 
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conditions for annexation of the CEMEX and other properties to MCWRA zones.  Id. § 1.1.  One key 
Annexation Agreement condition is that “[c]ommencing on the effective date of this Agreement and 
Framework, Lonestar shall limit withdrawal and use of groundwater from the Basin to Lonestar’s 
historical use of 500 AFY of groundwater.”  Id. § 7.2  

Under 1993 and 1996 Annexation Agreements, MCWRA allocated groundwater pumping rights of 3,020 
AFY to MCWD and the City of Marina, and 6,600 AFY to the Army for the Ord community (Schaaf & 
Wheeler 2016).  Under the 1996 Annexation Agreement, 920 AFY of groundwater was allocated to 
Armstrong Ranch development, and 500 AFY (of brackish water) to CEMEX in the MGSA Area.   

2.2.7 EXISTING GROUNDWATER REGULATORY PROGRAMS  
2.2.7.1 GROUNDWATER EXPORT PROHIBITION  

The Monterey County Water Resources Agency Act § 52.21 prohibits the export of groundwater from 
any part of the Salinas Valley Groundwater Basin, including the 180/400 Foot Subbasin.  In particular, 
the Act states: 

For the purpose of preserving [the balance between extraction and recharge], no groundwater 
from that basin may be exported for any use outside the basin, except that use of water from the 
basin on any part of Fort Ord shall not be deemed such an export. If any export of water from the 
basin is attempted, the Agency may obtain from the superior court, and the court shall grant, 
injunctive relief prohibiting that exportation of groundwater. 

2.2.7.2 AGRICULTURAL ORDER  

In 2017, the CCRWQCB issued Agricultural Order No. R3-2017-0002, a Conditional Waiver of Waste 
Discharge Requirements for Discharges from Irrigated Lands (Agricultural Order).  The permit requires 
that growers implement practices to reduce nitrate leaching into groundwater and improve surface-
receiving water quality.  Negotiations with the CCRWQCB staff and Board Members for the next 
iteration of the Agricultural Order are ongoing; they are expected to conclude in March 2020 with the 
adoption of a new ILRP Waste Discharge Requirement (WDR) for farming operations in the Salinas Valley 
Groundwater Basin area (and the entire Central Coast region).  There is no agricultural land use within 
the MGSA Area.   

2.2.7.3 WATER QUALITY CONTROL PLAN FOR THE CENTRAL COAST BASINS  

The Water Quality Control Plan for the Central Coastal Basin (Basin Plan) was most recently updated in 
September 2017 (CCRWQCB 2017).  The objective of the Basin Plan is to outline how the quality of the 
surface water and groundwater in the Central Coast Region should be managed to provide the highest 
water quality reasonably possible.  The Basin Plan lists beneficial users, describes the water quality that 
must be maintained to allow those uses, provides an implementation plan, and details SWRCB and 
CCRWQCB plans and policies to protect water quality and statewide and regional surveillance and 
monitoring programs.  The SWRCB’s Sources of Drinking Water Policy — adopted in Resolution No. 88-
63 and incorporated in its entirety into the CCRWQCB’s Basin Plan — provides that water with water 
quality equal to or less than 3,000 milligrams per liter (mg/L) Total Dissolved Solids (TDS) is considered 
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suitable or potentially suitable as a municipal and domestic water supply.  SWRCB Resolution No. 68-16, 
which is also incorporated into the Basin Plan, requires that the existing high quality of groundwater be 
maintained unless it has been demonstrated to the State that any change will be consistent with 
maximum benefit to the people of the State, will not unreasonably affect present and anticipated 
beneficial use, and will not result in water quality less than applicable standards.   

Present and potential future beneficial uses for surface waters in the Central Coast Basin are: municipal 
supply (water for community, military, or individual water supplies); agricultural; groundwater recharge; 
recreational water contact and non-contact; sport fishing; warm fresh water habitat; wildlife habitat; 
rare, threatened, or endangered species; and spawning, reproduction, and/or early development of fish.  
Present and potential future beneficial uses for groundwater are municipal supply, agricultural supply, 
and industrial supply.  Groundwater in the MGSA Area is currently used for industrial supply at the 
CEMEX Lapis Plant sand mine site.  The extracted groundwater is reported to contain a concentration of 
approximately 19,000 mg/L TDS.  In addition, groundwater containing less than 3,000 mg/L TDS has a 
designated potential beneficial use as a source of domestic and municipal supply as noted above.   

2.2.7.4 TITLE 22 DRINKING WATER PROGRAM   

The SWRCB Division of Drinking Water (DDW) regulates public water systems in the state to ensure the 
delivery of safe drinking water to the public.  A public water system is defined as a system for the 
provision of water for human consumption through pipes or other constructed conveyances that has 15 
or more service connections or regularly serves at least 25 individuals daily at least 60 days out of the 
year.  Private domestic wells, wells associated with drinking water systems with less than 15 residential 
service connections, industrial wells, and irrigation wells are not regulated by the DDW.  

DDW enforces the monitoring requirements established in CCR Title 22 for public water system wells, 
and all the data collected must be reported to DDW.  Title 22 also designates the Maximum 
Contaminant Levels (MCLs) for various waterborne contaminants, including volatile organic compounds, 
non-volatile synthetic organic compounds, inorganic chemicals, radionuclides, disinfection byproducts, 
general physical constituents, and other parameters. 

2.2.8 INCORPORATION OF REGULATORY PROGRAMS INTO THE GSP 
Information from the management plans and monitoring programs described in this section has been 
incorporated into this GSP, and was considered in establishing the sustainability goal provided in Section 
4.2, when setting minimum thresholds and measurable objectives (as described in Chapter 4), and 
during development of projects and management actions described in Chapter 6.   

The existing monitoring programs and monitoring networks constitute a well-developed and broadly 
distributed system that provides representative data throughout the Subbasin and in the vicinity of the 
MGSA Area.  As discussed in Chapter 5 (Monitoring Networks), the monitoring program of this GSP will 
incorporate the groundwater level and quality data collected by MCWRA from the nested monitoring 
wells installed in the vicinity of the MGSA Area under the MMRP adopted for the MPWSP.  MCWRA also 
monitors the nested Deep Aquifer wells installed by USGS about ½-mile south of the MGSA Area, and a 
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number of other wells in the 180-Foot, 400-Foot, and Deep Aquifers.  Water level and quality data 
collected from these wells will also be incorporated into the monitoring program of this GSP.  MCWRA’s 
and SVBGSA’s regional monitoring programs will be considered in interpreting the local monitoring data, 
but will not be a formal component of MGSA’s more locally-focused monitoring network.   

Plans are in progress by MCWRA to expand the network of nested groundwater monitoring wells in the 
vicinity of the MGSA Area and incorporate additional wells into this monitoring program.  It is 
anticipated that groundwater level and quality monitoring of the Deep Aquifer will be expanded and 
improved in the future under programs implemented by MCWRA and MCWD GSA.  Applicable program 
improvements and expansions of these monitoring programs in the vicinity of the MGSA Area will also 
be incorporated into this GSP as described in Chapter 5 (Monitoring Networks).   

The incorporation of these regulatory programs during implementation of this GSP is described in 
Chapter 7 (Plan Implementation).   

2.2.9 LIMITS TO OPERATIONAL FLEXIBILITY 
This GSP has been developed to be coordinated with the requirements, management plans and 
monitoring programs administered by other jurisdictions in the area, including SVBGSA, MCWRA, MCWD 
GSA, and CCRWQCB.  Some of the existing management plans and ordinances include well registration, 
extraction monitoring, new well restrictions, pumping allowances and restrictions, recharge 
requirements, and/or water quality protection standards that will limit operational flexibility.  However, 
the limits imposed by these programs and plans have already been considered in the sustainable 
management criteria, monitoring networks, and projects and management actions described in 
Chapters 4, 5, and 6, respectively.  As such, they are not expected to further limit operational flexibility 
under this GSP.  No other limits to operational flexibility have been identified.   

2.2.10 CONJUNCTIVE USE PROGRAMS 
Regulation Requirements: 
§354.8(e) A description of conjunctive use programs in the basin. 

 
MCWRA is engaged in a number of conjunctive use projects to help eliminate basin overdraft and 
seawater intrusion.  MCWD works in cooperation with MCWRA to further water supply development 
and resource management, and is exploring alternative water sources to augment groundwater 
supplies.   The MPWSP will draw groundwater from the Subbasin with subsurface slant intake wells as 
the water source for the desalination plant.  Under the terms of the June 14, 2016 Return Water 
Settlement Agreement (CalAm 2016), CalAm proposes to replace some of the groundwater it withdraws 
from the Subbasin by delivering a portion of the "return water" from its desalination treatment plant by 
providing a portion of the treated water from its desalination plant to Castroville Community Services 
District (CCSD).  The program has not received final approvals or begun operating, and currently lacks 
any water rights.  If it is ever approved, begins operation, and the “return water” program is 
implemented, the GSP will be revised with further information on the agreement.   
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2.2.10.1 MONTEREY COUNTY WATER RECYCLING PROJECTS (CSIP/SVRP) 

In 1995, MCWRA began construction of the Monterey County Water Recycling Projects to deliver 
recycled wastewater for irrigation use in the Castroville area in order to reduce groundwater pumping 
(MCWRA 2019a).  The CSIP produces recycled water which is used along the coast instead of pumping 
groundwater for agricultural irrigation.  The CSIP has operated successfully since 1998, reducing 
groundwater pumping and the rate of seawater intrusion.  The success of the CSIP led to the 
development and implementation of the Salinas Valley Reclamation Project (SVRP) to further address 
basin overdraft and seawater intrusion.  A rubber dam (i.e., the SRDF) was installed on the Salinas River 
approximately 5 river miles upstream of the river mouth near Marina (MCWRA 2019a).  The SRDF was 
constructed to provide seasonally stored and treated (filtered and chlorinated) river water for irrigation, 
significantly reducing the need to pump groundwater except in periods of extremely high demand.  
Recycled water from the SVRP is distributed to approximately 12,000 acres of farmland within the 
Subbasin via the CSIP distribution system (MCWRA 2019a).  The current CSIP distribution area is shown 
in Figure 2-6.  M1W operates a large treatment plant located in the County Environmental Park north of 
Marina off Del Monte Boulevard.  This plant will produce 19,500 AFY of recycled water for irrigation in 
the Castroville area to contain seawater intrusion.  The farmers in this area will be able to reduce 
groundwater pumping from the aquifer and thereby fight seawater intrusion.  This plant will provide 
recycled water for some landscaped areas in Marina.   

2.2.10.2 PURE WATER MONTEREY PROJECT 

The PWM Project, which is completing construction and expected to begin delivering water in about 
October 2019,  is an advanced water recycling project that will provide a safe, reliable, and sustainable 
drinking water supply and will reduce water taken from the Carmel River and the Seaside Subbasin 
(PWM 2019).  The PWM Project will also provide a source of tertiary treated water for the Salinas Valley 
agricultural industry and provide treatment for impaired surface water.  By supplying additional tertiary 
treated water for CSIP, PWM will reduce the reliance on groundwater pumping, thereby helping to 
combat the effects of seawater intrusion.   

The project is expected to deliver approximately 3,500 AFY of potable water for the Monterey Peninsula 
and off-set approximately 2,000 AFY of groundwater pumping in the Subbasin (PWM 2019).  MPWMD 
and M1W are also completing a supplemental Environmental Impact Report for a major expansion of 
the Project that could deliver up to an additional 2,250 AFY of water for Monterey Peninsula water users 
by fall 2021 (Johnson 2019). 

2.2.10.3 MCWD REGIONAL URBAN WATER AUGMENTATION PROJECT  

In February 2018, MCWD received a $10.5M Proposition 1 low-interest loan and grant for the RUWAP, a 
recycled water transmission and distribution system (MCWD 2019b).  MCWD and M1W partnered to 
build a transmission pipeline spanning 10 miles for the purified recycled water.  In addition, MCWD 
constructed a storage reservoir (Blackhorse Recycled Water Reservoir) and distribution pipes to deliver 
advanced treated water to existing and planned urban irrigation facilities.   
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The goal of the RUWAP Recycled Water Project is to provide 1,427 AFY of water from sources other than 
groundwater within the District and up to 3,700 acre-feet (AF) of water to the PWM (MCWD 2019b).  
The pipeline will initially deliver 600 AF of advanced treated water to MCWD customers in Marina and 
the Ord Community (MCWD 2019b).  The advanced treated water will be suitable for use in Seaside 
Basin and elsewhere.  This water will be of higher quality than tertiary treated and disinfected recycled 
water, and may be used for urban landscape irrigation reducing the District's reliance on groundwater.   

2.2.10.4 MCWD RECYCLED WATER PROJECT 

To meet future demands, MCWD is working to maximize existing water supplies and is investing in 
infrastructure to deliver tertiary treated recycled water (MCWD 2019a).  Recycled water is wastewater 
that is treated, filtered, and disinfected to SWRCB Standards.  Recycled water is used to irrigate large 
landscaped areas (parks, golf courses, and playgrounds) and crops.  MCWD currently uses about 600 AFY 
of recycled water for landscaping in the Marina and Seaside areas.  The use of recycled water reduces 
the amount of groundwater that is pumped from aquifers.  In the Salinas Valley, where aquifers are over 
pumped, reduced pumping decreases the rate of seawater intrusion.  MCWD will receive recycled water 
from M1W (described above) for some landscaped areas in Marina.  Presently in Marina, Gloria Jean 
Tate Park is piped for recycled water.  The external landscape of some of the other commercial 
businesses nearby have also been piped for recycled water.   

MCWD is also conducting an indirect potable reuse (IPR) feasibility study to assess using advanced 
treated recycled water from M1W for groundwater augmentation (EKI 2019).  A groundwater-flow 
model is being developed as part of this study to identify a preferred project for injection of purified 
recycled water into the Monterey Subbasin for future extraction by MCWD’s municipal production wells.  
The IPR is intended to both supplement MCWD’s groundwater supplies, as well as to protect production 
wells from saline water intrusion.   

2.3 GENERAL PLANS AND OTHER LAND USE PLANS 

2.3.1 PLAN SUMMARIES 
Regulation Requirements: 
§354.8(f) A plain language description of the land use elements or topic categories of applicable general plans that include 

the following: 
(1) A summary of general plans and other land use plans governing the basin. 

 
The City of Marina has land use authority over the incorporated areas of the City of Marina, which 
includes the Coastal Zone and the MGSA Area.  Marina has developed and adopted both a General Plan 
and a Local Coastal Land Use Plan.  Land use is an important factor in water management as described 
below.  Monterey County has land use authority over the unincorporated areas of the county and 
considers the general plans of all cities within the county to allow for cooperative planning.  The 
following sections provide a general description of these land use plans and how implementation may 
affect groundwater and its beneficial uses in the MGSA Area and its vicinity.  
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2.3.1.1 CITY OF MARINA GENERAL PLAN  

The City of Marina was founded in 1915 and incorporated in 1975, and the first General Plan was 
adopted in 1978.  The overall goal of the Marina General Plan is “the creation of a community which 
provides a high quality of life for all its residents; which offers a broad range of housing, transportation, 
and recreation choices; and which conserves irreplaceable natural resources” (City of Marina 2010).  
One of the general framework goals of the plan is particularly relevant to this MGSP—"Community 
development which avoids or minimizes to the greatest extent possible the consumption or degradation 
of nonrenewable natural resources including natural habitats, water, energy, and prime agricultural 
land” [1.18.2]. 

The General Plan specifies open space policies to ensure retention of land with significant natural 
resource values [2.3.3] and include habitat reserves and other open space for the protection of 
important habitat and scenic areas [2.7.1].  Habitat reserve and open space include coastal strand and 
dune areas adjacent to Monterey Bay and wetlands, which provide habitat for rare, threatened wildlife 
and plant species.  Some of the lands designated as “Habitat Reserve and Other Open Space” in the 
General Plan are as follows (Figure 2-7): 

• Approximately 1,600 acres west of Highway 1 are designated as habitat reserve for this purpose 
[2.10.2].  

• An area of 80 acres on the Armstrong Ranch property between Del Monte Boulevard and 
Highway 1 is designated as Habitat Reserve due to the presence of “vernal ponds” [2.10.4].  

The General Plan recognizes that future water demands will require changes in the management of 
water resources in the area, and water conservation and water reclamation and reuse will constitute 
major components of future water management efforts.  The policies and programs of the General Plan 
are designed to promote both water conservation and the use of recycled water to protect water quality 
and to ensure that the demand of future community development does not exceed the capacity to 
provide water in an environmentally acceptable way [3.42]. 

The General Plan includes the following measures related to water-supply planning.   

• New developments must have identified water sources [3.45]. 

• A 15% reserve will be maintained between demand and supply.  When demand exceeds 85% of 
the available supply, no new development will be allowed until supplemental water sources are 
identified [3.47]. 

The primary responsibility for water resource management in Marina rests with MCWD, as the water 
purveyor, and MCWRA, which is responsible for managing the surface water and groundwater resources 
of the Salinas Valley Groundwater Basin.  

2.3.1.2 CITY OF MARINA LOCAL COASTAL PROGRAM 

The California Coastal Act requires that local governments in the Coastal Zone create and implement 
Local Coastal Programs (LCPs) to conserve coastal dependent land use.  City of Marina has an approved 
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LCP that consists of a Local Coastal Land Use Plan (LCLUP) and a Local Coastal Implementation Plan 
(LCIP) (City of Marina 2013a, 2013b).  Under the California Coastal Act, City of Marina manages coastal 
development, including addressing the challenges presented by coastal hazards like storms, flooding, 
and erosion, and CCC has jurisdiction over such issues below the mean high tide line.  

City of Marina’s Coastal Zone includes Highway 1 and all lands west of Highway 1 within the 
incorporated limits.  In addition, the Coastal Zone includes two other areas: vacant lands west of Del 
Monte Boulevard between Reservation Road and the City’s southern boundary, including coastal dunes, 
cultivated acreage, and some substantial “vernal ponds” with associated wetlands; and a narrow strip 
about 2 miles long west of Highway 1 within the Ford Ord boundary, including the coastal bikeway and 
the Southern Pacific Railroad tracks.  The MGSA Area is within the Coastal Zone. 

The critical coastal planning issues in Marina focus on the future of the dunes now that sand mining will 
cease in December 2020; the future of the vernal ponds; and on establishing uses that would be 
compatible with the existing ESHA constraints present in the City’s Coastal Zone.  The policies of the 
LCLUP as well as the land use designations address these concerns and resolve them in terms of the 
mandates of the California Coastal Act for the beach, dunes, and vernal ponds.  Policies related to 
habitat management relevant to this GSP are as follows: 

• Vernal Ponds – To protect and encourage the restoration of the vernal ponds to their original 
state and allow only those uses adjacent, which will reinforce and conserve the unique habitat 
qualities of these ponds [24]. 

• Dunes – To protect the habitat of recognized rare and threatened/endangered species found in 
the coastal dune area [25]. 

The emphasis of the LCLUP is to maximize public access consistent with the environmental sensitivity of 
the dune habitat and resident rare and threatened/endangered plants and animals.  Coordination with 
PARKS was initiated to identify areas for park access.  However, direct access to the dune vegetation is 
limited due to the level of use that the vegetation can withstand. 

Because Marina is a coastal city, global warming and associated sea level rise are important areas of 
concern.  The City addresses these issues as part of its Local Coastal Program and in connection with its 
issuance of coastal development permits. 

Amendments were made to the City’s Open Space Zoning district, and established recreation areas were 
rezoned as Open Space.  The addition of a reclassification section to the Open Space district will allow 
future areas designated for development to be subsequently rezoned as Open Space and clearly held for 
the future.  

The City has identified that the biodiversity and unique features of coastal vernal ponds in the vicinity of 
the MGSA Area need to be preserved.  The City of Marina LCP, certified by the Coastal Commission on 
April 20, 1982, guides development within the coastal zone in Marina.  A request for a Comprehensive 
Management Plan (CMP) was initiated in 1990 by the Coastal Commission in response to development 
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pressures around the City’s vernal pond resources.  The City of Marina engaged stakeholders in a 
collaborative effort to prepare the CMP.  A Technical Advisory Committee, comprised of representatives 
from the City of Marina, MPRPD, California Department of Fish and Game (CDF&G), Coastal Commission, 
Coastal Conservancy, Sierra Club, and other interested residents, was also established to guide 
development of the plan.  Four meetings were held with the Technical Advisory Committee.  A public 
meeting was held on March 18, 1993, to present preliminary findings on the resources of the ponds and 
solicit comments from the public on management issues.  A second public meeting was held on 
November 18, 1993, to present the draft plan and solicit comments on the proposed management plan 
recommendations.  The final plan was adopted on February 15, 1994 (The Habitat Restoration Group 
1994).   

City of Marina is preparing an updated CMP for the coastal and/or vernal ponds that will identify 
guidelines for the preservation, management, and enhancement of the region’s wetland resources (City 
of Marina 2013a).  The plan will include both public and privately owned ponds, including those owned 
and managed by City of Marina, PARKS, and MCWD.   

2.3.1.3 MONTEREY COUNTY GENERAL PLAN  

Planning in Monterey County began in 1930 when the Planning Commission was created.  The Planning 
Department was established in the 1950s, and the first General Plan was completed in 1968 and 
updated in 1982.  Planning efforts have resulted in growth primarily in and around existing population 
areas and cities; however, the main objectives are to “provide direction for growth that supports 
continued viability of agricultural production and preserves as much of the county’s scenic and 
environmental resources as possible.”  The current Monterey County General Plan was completed in 
2010 and the objectives remain the same (Monterey County 2010).  

The Monterey County General Plan includes the following goals and policies related to land use, 
conservation and open space, public water supply and agriculture that are relevant to this GSP: 

• Promote appropriate and orderly growth and development while protecting desirable existing 
land uses [GOAL LU-1]. 

o Land uses shall be designated to achieve compatibility with adjacent uses [LU-1.5]. 

• Encourage the provision of open space lands as part of all types of development including 
residential, commercial, industrial, and public [GOAL LU-8]. 

o Creation of private, nonprofit land trusts and conservation organizations to receive 
development rights on any lands to be preserved and maintained as open space shall be 
supported [LU-8.6]. 

• Conserve listed species, critical habitat, habitat and species protected in area plans; avoid, 
minimize and mitigate significant impacts to biological resources [GOAL OS-5]. 

o Conservation of listed species shall be promoted [OS-5.1]. 

o Conservation of species shall be promoted as provided in the Area Plans [OS-5.2]. 
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o Development shall be carefully planned to provide for the conservation and 
maintenance of critical habitat [OS-5.3]. 

o Development shall avoid, minimize, and mitigate impacts to listed species and critical 
habitat to the extent feasible [OS-5.4]. 

o Efforts to obtain and preserve natural areas of particular biologic, scientific, or 
educational interest, and restrict incompatible uses from encroaching upon them, shall 
be encouraged [OS-5.13]. 

o The County shall prepare, adopt, and implement a program that allows projects to 
mitigate the loss of critical habitat [OS-5.17]. 

o Prior to disturbing any federal or state jurisdictional areas, all applicable federal and 
state permitting requirements shall be met, including all mitigation measures for 
development of jurisdictional areas and associated riparian habitats [OS-5.18]. 

o In order to preserve riparian habitat, conserve the value of streams and rivers as wildlife 
corridors and reduce sediment and other water quality impacts of new development, 
the county shall develop and adopt a Stream Setback Ordinance [OS-5.22]. 

• Assure an adequate and safe water supply to meet the county’s current and long-term needs 
[GOAL PS-2].  

o Coordination among, and consolidation with, those public water service providers 
drawing from a common water table to prevent overdrawing the water table [PS-2.1].  

• Ensure that new development is assured a long-term sustainable water supply [GOAL PS-3].  

o Specific criteria for proof of a Long-Term Sustainable Water Supply and an Adequate 
Water Supply System for new development requiring a discretionary permit shall be 
developed by ordinance. The following factors shall be used [PS-3.2]: 
 Water quality 
 Production capacity 
 Capability of the water purveyor 
 Source of the water supply and nature of the water rights 
 Cumulative impacts of existing and projected future water demand, and the 

ability to reverse trends contributing to an overdraft condition 
 Effects of additional extraction or diversion of water on the environment 

including on in-stream flows necessary to support riparian vegetation, wetlands, 
fish or other aquatic life 

 Projects or best management practices to renew or sustain aquifer functions. 

o Specific criteria shall be developed by ordinance for use in the evaluation and approval 
of adequacy of all domestic wells [PS-3.3]. 

o The County shall request an assessment of impacts on adjacent wells and instream flows 
for new high-capacity wells where there may be a potential to affect existing adjacent 
domestic or water system wells adversely or in-stream flows necessary to support 
riparian vegetation, wetlands, fish, and other aquatic life [PS-3.4]. 
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o The Monterey County Health Department shall not allow construction of any new wells 
in known areas of saltwater intrusion. [PS-3.5]. 

o The County shall coordinate and collaborate with all agencies responsible for the 
management of existing and new water resources [PS-3.6]. 

o A program to eliminate overdraft of water basins shall be developed [PS-3.7]. 

o In order to maximize agricultural water conservation measures to improve water use 
efficiency and reduce overall water demand, the county shall establish an ordinance 
identifying conservation measures that reduce agricultural water demand [PS-3.10]. 

o In order to maximize urban water conservation measures to improve water use 
efficiency and reduce overall water demand, the county shall establish an ordinance 
identifying conservation measures that reduce potable water demand [PS-3.11]. 

o The County shall maximize the use of recycled water [PS-3.12]. 

• Ensure adequate treatment and disposal of wastewater [GOAL PS-4]. 

o The County shall encourage groundwater recharge through the use of reclaimed 
wastewater, not including primary treated wastewater, in accordance with federal, 
state, and local laws, regulations and ordinances [PS-4.4]. 

• Ensure compatibility between the county’s agricultural uses and environmental resources [GOAL 
AG-5]. 

o Policies and programs to protect and enhance surface water and groundwater resources 
shall be promoted but shall not be inconsistent with state and federal regulations [AG-
5.2]. 

The Monterey County General Plan requires discretionary development to provide proof of a long-term 
sustainable water supply prior to approval.  Discretionary development will not be able to proceed in 
areas wherein new water demands would exacerbate existing seawater intrusion or groundwater 
overdraft. 

2.3.2 IMPACT OF GENERAL PLANS AND LAND USE PLANS ON WATER DEMANDS  
Regulation Requirements: 
§354.8(f) (2) A general description of how implementation of existing land use plans may change water demands within the 

basin or affect the ability of the Agency to achieve sustainable groundwater management over the planning and 
implementation horizon, and how the Plan addresses those potential effects. 

 
The current designated land use of the MGSA Area is Habitat Preserve and Other Open Space.  
Permitted use of the CEMEX plant will cease in December 2020 and the impacted area will be reclaimed 
and restored by CEMEX according to its filed reclamation plan.  Any new developments in this area 
should be consistent with the designated land use and therefore should have limited water demand.   

CalAm is under court order to cease illegal diversions from the Carmel River and provide an alternative 
water supply, and requires additional water supplies to address long-term overdraft in the adjudicated 
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Seaside Subbasin.  The proposed MPWSP would provide up to approximately 6,252 AFY of desalinated 
water to CalAm’s service area (CPUC 2018).  The proposed MPWSP, if implemented, would consist of a 
desalination plant that receives source water from five subsurface slant wells (plus two standby wells) 
near the shore at the CEMEX site (ESA 2018).  The slant wells would extract a combined volume of 
approximately 17,400 AFY (HWG 2017) of groundwater consisting of a combination of saline 
groundwater (some of which originated in the ocean) and low total dissolved solids (TDS) groundwater 
from the Dune Sand and 180-Foot Aquifers within the Subbasin.  If the proposed MPWSP is fully 
approved and implemented, or if well extractions by others are proposed, such extractions of 
groundwater potentially may cause exceedances of measurable objectives established for the MGSA 
Area and trigger the need for management actions.  The monitoring program described in Chapter 5 and 
the management actions described in Chapter 6 would address this occurrence.   

2.3.3 IMPACT OF THE GSP ON LAND USE PLAN ASSUMPTIONS  
Regulation Requirements: 
§354.8(f) (3) A general description of how implementation of the Plan may affect the water supply assumptions of relevant 

land use plans over the planning and implementation horizon. 
 
Implementation of this GSP is consistent with the goals and policies of the City of Marina and Monterey 
County General Plans, and is expected to aid in their achievement.  The designated land use of the 
MGSA Area is Habitat Preserve and Other Open Space.  Permitted use of the CEMEX plant will cease in 
December 2020.  Any future development in this area should be consistent with this designation and 
should have limited water demand.   

The MPWSP is proposed to provide up to approximately 6,252 AFY of desalinated water to CalAm’s 
service area (CPUC 2018).  A recent analysis of supply options and demand forecasts indicates that a 
proposed expansion of the Pure Water Monterey project could provide sufficient water for the 
Monterey Peninsula for the next 20 years or more, even in the absence of the MPWSP (Stoldt 2019).  
Current planning data do not extend to the SGMA planning horizon of 50 years; however, this analysis 
indicates that sufficient long-term water supplies should be available as supply strategies are developed 
to meet future demands through the SGMA planning and implementation horizon.  Demand and supply 
forecasts will be updated as new information becomes available.   

The General Plans for other cities within the Subbasin and for Monterey County provide guidelines to 
facilitate anticipated growth within the sustainable capacity of existing water resources.  Successful land 
use planning also promotes sustainable water supply, supply development, and use within the Central 
Coast region.  The goals and policies in the General Plans complement this GSP and support the ability of 
the GSA to achieve sustainability.  Implementation of this GSP, including changes in groundwater 
management, may result in changes in water supplies; however, current projects are anticipated to be 
able to meet forecast water demands within the General Plan planning horizons.  
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2.3.4 PERMITTING NEW OR REPLACEMENT WELLS  
Regulation Requirements: 
§354.8(f) (4) A summary of the process for permitting new or replacement wells in the basin, including adopted standards in 

local well ordinances, zoning codes, and policies contained in adopted land use plans. 
 
The Monterey County Health Department, Drinking Water Protection Services (DWPS) well program is 
responsible for the well permitting process for all domestic, irrigation, agricultural, cathodic protection, 
monitoring, or heat exchange wells (Monterey County 2019).  Under California Water Code (CWC) § 
7.70.030, a written permit is required from the Monterey County Health Officer for any new or 
replacement wells installed under this GSP.  In addition, a coastal development permit is required for 
any well proposed to be drilled in the Coastal Zone.  The MGSA Area is located entirely within the 
California Coastal Zone.  

Under CWC § 7.70.060, construction, repair, and destruction of all wells requires the use of a licensed 
contractor with a current C57 license from the State of California.  Similarly, other parties proposing to 
abandon a well within the MGSA Area will be required to obtain such a permit.  The fundamental State 
Well Standard is augmented in the Salinas Valley by Specifications for Wells in Zone 6 of the Monterey 
County Flood Control and Water Conservation District, which were adopted by County Health 
Department in 1988 to protect groundwater quality and prevent corrosion of well casing caused by 
seawater intrusion in the coastal (Zone 6) portion of the basin (MCWRA 2006).  MCWRA collaborates 
with Monterey County Health Department during the application and review process for permitting new 
water supply wells.  

Wells must meet a 2.5-acre minimum lot size requirement for on-site sewage disposal.  If sewage 
disposal is or will be by an onsite waste disposal system and the lot can be served by a water system, the 
property must be at least 2.5 acres in order to obtain a permit to construct.  Prior to placement of a well 
seal, the driller must submit a seal proposal to Monterey County Environmental Health Bureau (EHB) for 
review and approval (see Section 2.4.2).  

In the future, SGMA allows that GSAs be consulted to verify that groundwater extraction from new 
proposed wells is consistent with adopted GSPs prior to issuing well construction permits.  MGSA will 
respond to any requests to comment on applications to construct new wells within its jurisdiction.   

2.3.5 LAND USE PLANS OUTSIDE THE MGSA AREA  
Regulation Requirements: 
§354.8(f) (5) To the extent known, the Agency may include information regarding the implementation of land use plans 

outside the basin that could affect the ability of the Agency to achieve sustainable groundwater management. 
 
Applicable land use plans outside the Subbasin include the General Plan for the City of Marina and the 
County General Plan.  This GSP has considered and is aligned with the goals and implementation 
strategies for these general plans as well as other applicable land use plans, such as the local coastal 
plan.  These land use plans are in alignment with the concerns and plans of the MGSA and should not 
affect the ability of the MGSA to achieve sustainable groundwater management within the MGSA Area.  
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Several amendments to the County General Plan, which were approved by the Board of Supervisors in 
February 2013 (Resolution No. 13-028) require Monterey County to develop a study of a portion of the 
Salinas Valley Groundwater Basin’s water supplies that includes, among other items: 

• An assessment of whether the total water demand for all uses designated in the General Plan 
for 2030 are likely to be reached or exceeded; 

• An evaluation and conclusions regarding future expected trends in groundwater elevations; and 

• An evaluation and conclusions regarding expected future trends in seawater intrusion. 

Should the study conclude that total water demand for all uses is likely to be exceeded by 2030, 
groundwater elevations are likely to decline by 2030, or the seawater intrusion front is likely to advance 
inland by 2030, then the study shall make recommendations on how to address those conditions.  The 
settlement agreement furthermore required the development of the Salinas Valley Integrated 
Hydrologic Model (SVIHM), a pre-released version of which was used for the SVBGSA GSP and which will 
be used to facilitate implementation and updating of this GSP.  Implementation of this GSP is consistent 
with the above requirements and objectives, and is expected to aid in their achievement.   

The City of Marina General Plan contemplates growth and water demand increase at levels that were 
incorporated into the City’s UWMP, discussed in Section 2.2.6.3.  The projected increase in the City’s 
water demand is within the groundwater pumping allocations for the Central Marina service system and 
Armstrong Ranch under the 1993 and 1996 Annexation Agreements (Schaaf & Wheeler 2016).  This 
groundwater extraction will occur from resources within the adjacent Monterey Subbasin.  MGSA will 
coordinate its monitoring program and any necessary management actions MCWD GSA.   

2.4 ADDITIONAL GSP COMPONENTS  
Regulation Requirements: 
§354.8(g) A description of any of the additional Plan elements included in the Water Code Section 10727.4 that the Agency 

determines to be appropriate. 
 
The Additional GSP Components section of this MGSP provides discussion of additional GSP elements 
included in CWC § 10727.4 that MGSA has determined are appropriate for this GSP.  

2.4.1 SEAWATER INTRUSION  
The 180/400 Foot Aquifer Subbasin (Subbasin) is subject to seawater intrusion due largely to long-term 
groundwater extraction in the inland portions of the Subbasin in excess of the sustainable yield.  As a 
result, it has been identified by DWR as being in a critical condition of overdraft (DWR 2016a).  Seawater 
intrusion was first identified in the MGSA Area in the 1940s, and over the following decades progressed 
inland for a distance of over 7 miles in some areas.  The purpose of this GSP is to support regional efforts 
to address this undesirable result and return to Subbasin to sustainable groundwater management 
within 20 years, as required by the Sustainable Groundwater Management Act (SGMA).  MGSA will 
achieve this by supporting the projects and management actions that will be implemented by Salinas 
Valley Basin Groundwater Sustainability Agency (SVBGSA) under its regional Groundwater Sustainability 
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Plan (GSP), and by assuring that local groundwater resources are managed sustainably to protect local 
and regional beneficial uses and users.   

Seawater intrusion in the Subbasin and in the MGSA Area is described in Section 3.2.3.  Section 4.6 
addresses seawater intrusion as a sustainability indicator and identifies minimum thresholds, 
measurable objectives, and interim milestones.  Actions to monitor for and identify seawater intrusion 
early are described in Chapter 5.  Proposed projects to control seawater intrusion are described in 
Chapter 6.  

2.4.2 WELLHEAD PROTECTION  
Water supply wells and monitoring wells in Monterey County must be constructed in accordance with 
California Well Standards Bulletin No. 74-81 and No. 74-90 (DWR 1981, 1991), and Monterey County 
Code Chapter 15.08.  Pursuant to Chapter 15.04.120 of the Monterey County Code, the annular well seal 
is required to:  

• Restore, as far as feasible, the controlling hydrological conditions that existed before the well 
was drilled and constructed, including the elimination of physical hazards. 

• Prevent pollution of groundwater and conserve the yield and hydrostatic head of aquifers. 

• Prevent intermingling of desirable and undesirable waters.  

For any well installed as part of this GSP, the driller must submit the seal proposal to Monterey County 
EHB for approval and EHB will witness placement of the seal (Monterey County 2019). 

The designated land use of the MGSA Area is Habitat Preserve and Other Open Space, so the Wellhead 
Protection requirements from California Department of Pesticide Regulation (CDPR 2019) will not apply.   

2.4.3 MIGRATION OF CONTAMINATED GROUNDWATER  
The MMRP adopted for the proposed MPWSP requires that project to incorporate groundwater level 
and quality monitoring data for the Fort Ord Superfund site Operable Unit Carbon Tetrachloride Plume 
(OUCTP) in the A-Aquifer and 180-Foot Aquifer into its monitoring program to assure that the proposed 
groundwater extraction from the project slant intake wells will result in the further migration of that 
plume (CPUC 2018).  These plumes are located approximately 7,000 feet southeast of the MGSA Area.  
Monterey County established well prohibition/consultation zones at Fort Ord, in areas where 
groundwater extraction may be impacted by contaminated plumes (Ordinance No. 04011, Monterey 
County 1999).  No other known contamination exists within or near the MGSA Area.   

2.4.4 WELL ABANDONMENT/WELL DESTRUCTION PROGRAM  
To protect groundwater quality, the Monterey County Health Department DWPS well program is 
responsible for permitting the abandonment and/or destruction of domestic, irrigation, agricultural, 
cathodic protection, monitoring, or heat exchange wells.  The well program works closely with Monterey 
County Planning, the cities, MCWRA, and MPWMD.  If any wells will be abandoned or destroyed as part 
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of this GSP, MGSA will obtain a permit and use a contractor with a current C57 license from the State of 
California, as required by the County (Monterey County 2019).  Similarly, other parties proposing to 
abandon a well within the MGSA Area will be required to obtain such a permit.   

2.4.5 REPLENISHMENT OF GROUNDWATER EXTRACTIONS  
Replenishment of groundwater extractions is not contemplated under this GSP.   

2.4.6 CONJUNCTIVE USE  
Existing conjunctive use projects are identified in Section 2.2.10.  Chapter 6 describes several 
conjunctive use projects that are being implemented or proposed by other parties, with which the 
MGSA will cooperate.  This chapter describes the proposed projects and management actions that will 
address implementing, opportunities for, and removing impediments to conjunctive use or underground 
storage projects in the Subbasin near the MGSA Area.  

2.4.7 WELL CONSTRUCTION POLICIES  
Regulatory oversight over sustainable groundwater management expanded when SB 252 was signed 
into law on October 7, 2017.  New proposed wells located in the Subbasin, designated by DWR as a 
critically overdrafted basin, are subject to the requirements of SB 252.  The well applicants must provide 
the following information as part of the well application: 

• A map of the location, including global positioning system (GPS) coordinates and elevation 

• Proposed capacity, estimated pumping rate, anticipated pumping schedule, and estimated 
annual extraction volume 

• Geologic siting information (water table depth, seasonal fluctuations, recharge area, recharge 
rate, location to floodplain) 

• Distance from ponds, lakes, and streams within 300 feet 

• Estimated cumulative extraction volume before January 1, 2020 

• Size of area (acres) to be served by the well 

SB 252 is only a temporary measure, meant to expire when GSPs for critically overdrafted basins are 
submitted to DWR by January 31, 2020.  It is expected that further coordination of well permitting 
procedures with the adopted GSPs will occur after that time. 

On May 22, 2018, the Monterey County Board of Supervisors adopted Interim Emergency Ordinance No. 
5302 pursuant to Government Code § 65858, which temporarily prohibits new wells in seawater-
intruded aquifers pending the County’s study and consideration of regulations.  The ordinance imposed 
a moratorium on County Health Department accepting and processing new well permits; it is not a 
moratorium on additional groundwater pumping from existing wells.  The ordinance prohibits the 
acceptance or processing of any permit applications for new wells in the defined Area of Impact within 
the Subbasin until May 21, 2020, with exceptions for municipal wells and replacement wells.   
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2.4.8 GROUNDWATER PROJECTS  
Groundwater projects and management actions, including measures to address seawater intrusion, 
groundwater recharge, in-lieu use, diversions to storage, conservation, water recycling, conveyance, 
and/or extraction projects, are described in Chapter 6.  

2.4.9 EFFICIENT WATER MANAGEMENT PRACTICES  
Ongoing efforts to implement efficient water management practices, as defined in CWC § 10902, for the 
delivery of water and water conservation methods to improve the efficiency of water use will be 
consistent with MCWD UWMP, and are described in Section 2.2.6.3.  

2.4.10 RELATIONSHIPS WITH STATE AND FEDERAL AGENCIES  
A strong relationship between MGSA and federal and state agencies is vital to the success of this GSP.  
Efforts to develop this relationship are described in Chapter 7 (Plan Implementation).  

2.4.11 LAND USE PLANNING  
Efforts will be made at the local level to develop a formal opportunity for coordination with other GSAs 
and planning entities to provide input on the land use and water-related elements of future General 
Plans and California Environmental Quality Act (CEQA) documentation to promote consistency with this 
GSP.  

2.4.12 GROUNDWATER-DEPENDENT ECOSYSTEMS  
The GSP Regulations include specific requirements to identify and consider Groundwater-Dependent 
Ecosystems (GDEs) (23 CCR § 354.16(g)) when determining whether groundwater conditions are having 
potential effects on beneficial uses and users.  GSAs must also assess whether sustainable management 
criteria may cause adverse impacts to beneficial uses, which include environmental uses, such as plants 
and wildlife.  As discussed further in Section 3.2.7, there are no GDEs directly within the MGSA Area, but 
an analysis following guidelines developed by The Nature Conservancy for identification of GDEs (TNC, 
2018) identified several likely GDEs in the area east of the MGSA Area.  Similar GDEs occur north and 
south of the MGSA Area.  These GDEs have been identified as coastal or vernal ponds, and consist of 
palustrine and emergent wetlands.  They are ESHAs under the Marina LCP and are designated protected 
areas within the Coastal Zone of California under the California Coastal Act.  Groundwater development 
within the MGSA Area could affect these GDEs.  The biodiversity and unique features of coastal vernal 
ponds in the vicinity of the MGSA Area are protected under the 1994 City of Marina CMP (The Habitat 
Restoration Group 1994).   
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2.5 NOTICE AND COMMUNICATION 
Regulation Requirements: 
§ 354.10. Notice and Communication 
Each Plan shall include a summary of information relating to notification and communication by the Agency with other agencies 

and interested parties including the following: 
(a) A description of the beneficial uses and users of groundwater in the basin, including the land uses and property interests 

potentially affected by the use of groundwater in the basin, the types of parties representing those interests, and the 
nature of consultation with those parties. 

(b) A list of public meetings at which the Plan was discussed or considered by the Agency. 
(c) Comments regarding the Plan received by the Agency and a summary of any responses by the Agency. 
(d) A communication section of the Plan that includes the following: 
   (1) An explanation of the Agency’s decision-making process. 
   (2) Identification of opportunities for public engagement and a discussion of how public input and response will be used. 
   (3) A description of how the Agency encourages the active involvement of diverse social, cultural, and economic elements of 

the population within the basin. 
   (4) The method the Agency shall follow to inform the public about progress implementing the Plan, including the status of 

projects and actions. 
 
MGSA and City of Marina have developed and followed an open and inclusive process to implement 
SGMA.  Interested parties have opportunities, both formal and informal, to provide input to MGSA 
throughout the process of developing, operating, and implementing this GSP.  Such opportunities 
include, but are not limited to, public comment periods required by SGMA (CWC § 10728.4), as well as 
opportunities for public comment during regular and special City Council meetings, and at other times to 
be determined and noticed pursuant to CWC § 10727.8(a). 

Public Meetings/Public Comment Opportunities 

• March 20, 2018, General City Council Meeting: 
o Public hearing regarding the City’s intent to become a GSA 
o Floor open for public comments concerning adoption of Resolution 
o Resolution 2018-25 adopted (vote unanimous) 

• August 7, 2019, General City Council Meeting: 
o Presentation and public meeting/workshop to discuss preparation of a locally focused 

GSP for a portion of the Subbasin 
o Floor open for public comments concerning preparation of a GSP 

• October 8, 2019, Special City Council Meeting: 
o Presentation and public meeting/workshop to filing of a Notice of Intent to adopt a GSP 

for the MGSA Area of the 180/400 Foot Subbasin 
o Floor open for public comments concerning filing of the Notice of Intent and public 

review of the draft GSP 

• October 11, 2018 – November 25, 2019, 45-Day Public Comment Period 

o Public comment period for interested parties to provide written comments on the 
public review draft GSP via mail or email 

o Hard copies available at City of Marina City Hall and the Marina Branch Library 
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o Responses to comments received during the public comment period are provided in 
Volume II of this MGSA GSP 

• October 29, 2019, Special City Council Meeting: 
o Presentation and public meeting/workshop to discuss the public review draft of the GSP 

for the MGSA Area of the 180/400 Foot Subbasin 
o Floor open for public comments concerning the public review draft GSP 

• January 7, 2020, Special City Council Meeting: 
o Public meeting/hearing to discuss adoption of the GSP for MGSA Area of the 180/400 

Foot Subbasin 
o Floor open for public comments concerning the GSP and its adoption 

• January 14, 2020, General City Council Meeting: 
o Public meeting/hearing to discuss adoption of the GSP for MGSA Area of the 180/400 

Foot Subbasin 
o Floor open for public comments concerning the GSP and its adoption 
o Vote to adopt the GSP 

Opportunities for public comments on the MGSA GSP and its implementation will be provided at future 
General City Council Meetings, which are generally held every second Tuesday.  Special presentations 
may be made regarding implementation status, specific findings, management actions, and other 
activities related to GSP implementation.   

2.5.1 DESCRIPTION OF BENEFICIAL USES AND USERS  
Regulation Requirements: 
§354.10 Each plan shall include a summary of information relating to notification and communication by the Agency with 

other agencies and interested parties including the following: 
   (a) A description of the beneficial uses and users of groundwater in the basin, including the land uses and property 

interests potentially affected by the use of groundwater in the basin, the types of parties representing those interests, 
and the nature of consultation with those parties. 

 
SGMA (CWC §§ 10720, et seq.) requires that GSAs consider the interests of all beneficial uses and users 
of groundwater.  To meet this requirement (specifically CWC § 10723.4), City of Marina identified the 
following interested parties and environmental stakeholders:  

1. Local water districts adjoining the MGSA Area 
a. MCWD 
b. Monterey One Water and MCWRA for the Castroville Seawater Intrusion Project 

2. Holders of overlying groundwater rights (agricultural and domestic well owners, municipal well 
operators and public water systems) 

a. Armstrong Ranch 
b. CEMEX 

3. Surface-water users 
a. Monterey One Water and MCWRA for the Castroville Seawater Intrusion Project 
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4. Environmental users of groundwater 
a. Fort Ord Dunes State Park 
b. Marina Beach State Park 
c. Salinas River National Wildlife Refuge 
d. City of Marina 
e. County of Monterey 

5. Local land use planning agencies 
a. City of Marina 
b. County of Monterey 

6. Federal government 
a. No federal lands are within the MGSA Area 
b. Salinas River National Wildlife Refuge 

7. California Native American tribes 
a. No Native American tribes are within or near the MGSA Area 

8. DACs 
a. Portions of the City of Marina 

9. Entities listed in CWC § 10927 that are monitoring and reporting groundwater elevations or 
quality data near the MGSA Area 

a. MCWRA 
b. SVBGSA 

10. Other Entities 
a. MCWD GSA 
b. California American Water Company 

The list of interested parties will continue to be updated throughout the MGSA’s development and 
implementation of this GSP.  MGSA will engage environmental and include environmental 
representation throughout development and implementation of this GSP.  During development of this 
GSP, MGSA specifically requested review and input regarding identification, characterization, and 
management of GDEs located near the MGSA Area.  Ongoing engagement during GSP implementation 
could include input from state and federal resource agencies, nonprofit organizations, and other 
environmental interests.  By engaging these stakeholders, MGSA will benefit from access to additional 
data and resources, resulting in a more robust and inclusive GSP.  As required by SGMA (CWC §§ 10720, 
et seq.), MGSA will consider all beneficial uses of groundwater and the interest of users and managers.  

2.5.2 DECISION-MAKING PROCESS  
Regulation Requirements: 
§354.10 (d) A communication section of the Plan that includes the following: 
An explanation of the Agency’s decision-making process. 

 
City Council of the City of Marina administers MGSA and is responsible to consider and approve policy 
decisions for the development, adoption, and implementation of this GSP.  MGSA board meetings are 
held concurrently with City Council meetings on the first and third Tuesdays of each month in 
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accordance with the Marina Municipal Code (Chapter 2.04) and City Ordinances: 2001-11 § 1 (2001), 78-
12 § 1 (1978), and 75-2 § 1 (1975).  The meetings are publicly noticed and agendas are made available 
on the City’s website (https://www.cityofmarina.org/AgendaCenter).   

Open meetings may be preceded by a closed session if necessary and appropriate.  As described in 
Section 1.5.2, resolutions presented to the City Council are voted on and require a majority vote of a 
quorum to be passed and adopted.  Open public hearings on specific resolutions may be held during 
meetings to allow for testimony from the public.  City Council Members will consider public testimony 
prior to voting on specific resolutions.   

2.5.3 PUBLIC ENGAGEMENT/PUBLIC OUTREACH PLAN  
Regulation Requirements: 
§354.10 (d)(2) Identification of opportunities for public engagement and a discussion of how public input and response will 

be used. 
 
Federal, state, and local agencies, water providers, property owners, environmental stakeholders, and 
other interested parties will have opportunities, both formal and informal, to provide input to MGSA 
throughout the process of developing, operating, and implementing the MGSA GSP.  Such opportunities 
include, but are not limited to, public comment periods required by SGMA (e.g., CWC § 10728.4) as well 
as opportunities for public comment during regular and special Marina City Council meetings, and at 
other times to be determined and noticed pursuant to CWC § 10727.8 (a).   

The above-referenced agencies, water providers, and other interested stakeholders will be contacted to 
determine how best to consider and protect their interests and will be invited to participate in 
evaluating and defining roles and responsibilities during the GSP planning and implementation process.  

The MGSA webpage is maintained on a regular basis at https://cityofmarina.org/918/Groundwater-
Sustainability-Plan.  The webpage includes a brief history of the formation of MGSA, a description of the 
MGSP groundwater area, and plans for the future.  Contact information for the MGSA Plan Manager is 
provided, as well as background information and related documents.  MGSA will post information and 
updates regarding GSP preparation and the Draft MGSA GSP on this webpage.  

2.5.4 ENCOURAGING ACTIVE INVOLVEMENT  
Regulation Requirements: 
§354.10 (d) 
(3) A description of how the Agency encourages the active involvement of diverse social, cultural, and economic elements of 

population within the basin. 
(4) The method the Agency shall follow to inform the public about progress implementing the Plan, including the status of 

projects and actions. 
 
The City of Marina is a diverse, working-class community that is focused on development, sustainability, 
and recreation.  MGSA and City Council will work together to encourage the active involvement of 
diverse social, cultural, and economic elements of the community by keeping the community informed 
about progress implementing projects and management actions under this GSP. 

https://www.cityofmarina.org/AgendaCenter
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Before any project or management action is implemented under this GSP, it will go through a public 
notice process to ensure that all groundwater users and other stakeholders have an opportunity to 
comment prior to adoption and implementation.  The general steps in the public notice process will 
include the following: 

• The MGSA GSP Plan Manager will bring an assessment of the need for the project to the 
Marina City Council in a publicly noticed meeting.  This assessment will include: 

o a description of the undesirable result(s) that may occur if action is not taken; 
o a description of the proposed project or management action; 
o an estimated cost and schedule for the proposed project or management action; and 
o any alternatives to the proposed project or management action. 

• Marina City Council will notify stakeholders in the area of the proposed project or 
management action, and allow at least 30 days for public response. 

• After the 30-day public response period, Marina City Council will vote whether or not to 
approve design and construction of the project, or the implementation of the management 
action. 

In addition to the public noticing detailed above, all projects will follow any environmental review and 
public notice provisions required by the California Environmental Quality Act (CEQA).  Management 
actions are presumed to be exempt from CEQA since they are regulatory actions intended to protect the 
environment.   
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Sources: ESRI Map Service Imagery, 
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FIGURE 2-2
Monterey Subbasin GSA Areas
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FIGURE 2-3
City Boundaries and Disadvantaged Communities (DACs)
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Sources: ESRI Map Service Imagery, 
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FIGURE 2-4
Federal, State and Local Managed Lands and Protected Areas
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FIGURE 2-5
Water Agency Jurisdiction Areas
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FIGURE 2-6
Communities Dependent on Groundwater and the CSIP Distribution Area

Legend
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Sources: ESRI Map Service Imagery, 
California Department of Water Resources,
https://montereycountyopendata-
12017-01-13t232948815z-
montereyco.opendata.arcgis.com
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FIGURE 2-7
Land Use in the Vicinity of the MGSA Area

  

  

Sources: ESRI Map Service Imagery, 
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FIGURE 2-8
Existing Surface Conditions Within MGSA Area

Legend
City of Marina GSA Area
City of Marina

  

  

Sources: ESRI Map Service Imagery, 
https://sgma.water.ca.gov/portal/gsa
montereyco.opendata.arcgis.com
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FIGURE 2-9
Density of Domestic Wells per Square Mile
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Source Report: Salinas Valley:
180/400-Foot Aquifer Subbasin
Groundwater Sustainability Plan
November, 2018
Figure 3-7
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FIGURE 2-10
Density of Municipal Wells per Square Mile
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Source Report: Salinas Valley:
180/400-Foot Aquifer Subbasin
Groundwater Sustainability Plan
November, 2018
Figure 3-9
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FIGURE 2-11
Density of Agricultural Production Wells per Square Mile
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Source Report: Salinas Valley:
180/400-Foot Aquifer Subbasin
Groundwater Sustainability Plan
November, 2018
Figure 3-8
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FIGURE 2-12
Locations of CASGEM Wells
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Sources: ESRI Map Service Imagery, 
https://sgma.water.ca.gov/portal/gsa,
https://www.casgem.water.ca.gov/OSS
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FIGURE 2-13
Locations of MPWSP Wells
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Sources: ESRI Map Service Imagery, 
https://sgma.water.ca.gov/portal/gsa,
MPWSP Monitoring Report #160 2019
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FIGURE 2-14
Locations of USGS GAMA Wells

Legend
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Sources: ESRI Map Service Imagery, 
https://sgma.water.ca.gov/portal/gsa, 
https://gamagroundwater.waterboards.
ca.gov/gama/gamamap/public/Default.asp
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FIGURE 2-15
Surface Water Gaging Locations

Legend
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Sources: ESRI Map Service Imagery, 
https://sgma.water.ca.gov/portal/gsa,
https://waterdata.usgs.gov/ca/nwis
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APPENDIX 2.A – CALIFORNIA NATURAL DIVERSITY 
DATABASE (CNDDB) QUERY RESULTS 
 



Scientific Name Common Name Total Occurrences Federal Status State Status
Rare Plant 

Rank
Other Status Habitats General Habitat Micro-Habitat

Ambystoma californiense California tiger 
salamander

1205 Threatened Threatened CDFW_WL-Watch List | IUCN_VU-
Vulnerable

Cismontane woodland | Meadow & seep | Riparian 
woodland | Valley & foothill grassland | Vernal pool | 
Wetland

Central Valley DPS federally listed as 
threatened. Santa Barbara and Sonoma 
counties DPS federally listed as endangered.

Need underground refuges, especially ground 
squirrel burrows, and vernal pools or other 
seasonal water sources for breeding.

Agelaius tricolor tricolored blackbird 955 None Threatened BLM_S-Sensitive | CDFW_SSC-
Species of Special Concern | 
IUCN_EN-Endangered | NABCI_RWL-
Red Watch List | USFWS_BCC-Birds 
of Conservation Concern

Freshwater marsh | Marsh & swamp | Swamp | 
Wetland

Highly colonial species, most numerous in 
Central Valley & vicinity. Largely endemic to 
California.

Requires open water, protected nesting 
substrate, and foraging area with insect prey 
within a few km of the colony.

Athene cunicularia burrowing owl 1988 None None BLM_S-Sensitive | CDFW_SSC-
Species of Special Concern | 
IUCN_LC-Least Concern | 
USFWS_BCC-Birds of Conservation 
Concern

Coastal prairie | Coastal scrub | Great Basin grassland 
| Great Basin scrub | Mojavean desert scrub | 
Sonoran desert scrub | Valley & foothill grassland

Open, dry annual or perennial grasslands, 
deserts, and scrublands characterized by 
low-growing vegetation

Subterranean nester, dependent upon 
burrowing mammals, most notably, the 
California ground squirrel.

Buteo regalis ferruginous hawk 107 None None CDFW_WL-Watch List | IUCN_LC-
Least Concern | USFWS_BCC-Birds of 
Conservation Concern

Great Basin grassland | Great Basin scrub | Pinon & 
juniper woodlands | Valley & foothill grassland

Open grasslands, sagebrush flats, desert 
scrub, low foothills and fringes of pinyon 
and juniper habitats

Eats mostly lagomorphs, ground squirrels, and 
mice. Population trends may follow lagomorph 
population cycles.

Charadrius alexandrinus 
nivosus

western snowy plover 138 Threatened None CDFW_SSC-Species of Special 
Concern | NABCI_RWL-Red Watch 
List | USFWS_BCC-Birds of 
Conservation Concern

Great Basin standing waters | Sand shore | Wetland Sandy beaches, salt pond levees & shores of 
large alkali lakes

Needs sandy, gravelly or friable soils for 
nesting.

Eremophila alpestris actia California horned lark 94 None None CDFW_WL-Watch List | IUCN_LC-
Least Concern

Marine intertidal & splash zone communities | 
Meadow & seep

Coastal regions, chiefly from Sonoma 
County to San Diego County. Also main part 
of San Joaquin Valley and east to foothills.

Short-grass prairie, "bald" hills, mountain 
meadows, open coastal plains, fallow grain 
fields, alkali flats.

Riparia riparia bank swallow 298 None Threatened BLM_S-Sensitive | IUCN_LC-Least 
Concern

Riparian scrub | Riparian woodland Colonial nester; nests primarily in riparian 
and other lowland habitats west of the 
desert

Requires vertical banks/cliffs with fine-
textured/sandy soils near streams, rivers, lakes, 
ocean to dig nesting hole.

Piperia yadonii Yadon's rein orchid 26 Endangered None 1B.1 Chaparral | Closed-cone coniferous forest | Coastal 
bluff scrub

Closed-cone coniferous forest, chaparral, 
coastal bluff scrub

On sandstone and sandy soil, but poorly 
drained and often dry. 10-505 m.

Arctostaphylos hookeri 
ssp. hookeri

Hooker's manzanita 24 None None 1B.2 BLM_S-Sensitive Chaparral | Cismontane woodland | Closed-cone 
coniferous forest | Coastal scrub

Chaparral, coastal scrub, closed-cone 
coniferous forest, cismontane woodland

Sandy soils, sandy shales, sandstone outcrops.  
30-550 m.

Arctostaphylos 
montereyensis

Toro manzanita 18 None None 1B.2 BLM_S-Sensitive | SB_SBBG-Santa 
Barbara Botanic Garden

Chaparral | Cismontane woodland | Coastal scrub Chaparral, cismontane woodland, coastal 
scrub

Sandy soil, usually with chaparral associates. 45-
765 m.

Arctostaphylos pajaroensis Pajaro manzanita 28 None None 1B.1 BLM_S-Sensitive Chaparral Chaparral Sandy soils. 30-170 m.

Arctostaphylos pumila sandmat manzanita 17 None None 1B.2 BLM_S-Sensitive | SB_SBBG-Santa 
Barbara Botanic Garden

Chaparral | Cismontane woodland | Closed-cone 
coniferous forest | Coastal dunes | Coastal scrub

Closed-cone coniferous forest, chaparral, 
cismontane woodland, coastal dunes, 
coastal scrub

On sandy soil with other chaparral associates. 3-
210 m.

Castilleja ambigua var. 
insalutata

pink Johnny-nip 13 None None 1B.1 Coastal bluff scrub | Coastal prairie Coastal bluff scrub, coastal prairie Wet or moist coastal strand or scrub habitats. 3-
135 m.

Chorizanthe minutiflora Fort Ord spineflower 5 None None 1B.2 SB_SBBG-Santa Barbara Botanic 
Garden

Chaparral | Coastal scrub Coastal scrub, chaparral (maritime) Sandy, openings. 60-145 m.

Chorizanthe pungens var. 
pungens

Monterey spineflower 51 Threatened None 1B.2 SB_SBBG-Santa Barbara Botanic 
Garden | SB_UCBBG-UC Berkeley 
Botanical Garden

Chaparral | Cismontane woodland | Coastal dunes | 
Coastal scrub | Valley & foothill grassland

Coastal dunes, chaparral, cismontane 
woodland, coastal scrub, valley and foothill 
grassland

Sandy soils in coastal dunes or more inland 
within chaparral or other habitats. 3-270 m.

Cordylanthus rigidus ssp. 
littoralis

seaside bird's-beak 40 None Endangered 1B.1 BLM_S-Sensitive | SB_RSABG-Rancho 
Santa Ana Botanic Garden | SB_SBBG-
Santa Barbara Botanic Garden

Chaparral | Cismontane woodland | Closed-cone 
coniferous forest | Coastal dunes | Coastal scrub

Closed-cone coniferous forest, chaparral, 
cismontane woodland, coastal scrub, coastal 
dunes

Sandy, often disturbed sites, usually within 
chaparral or coastal scrub.  30-520 m.

Ericameria fasciculata Eastwood's 
goldenbush

23 None None 1B.1 BLM_S-Sensitive Chaparral | Closed-cone coniferous forest | Coastal 
dunes | Coastal scrub

Closed-cone coniferous forest, chaparral 
(maritime), coastal scrub, coastal dunes

In sandy openings. 30-215 m.

Erysimum ammophilum sand-loving wallflower 58 None None 1B.2 BLM_S-Sensitive | SB_CRES-San 
Diego Zoo CRES Native Gene Seed 
Bank | SB_SBBG-Santa Barbara 
Botanic Garden

Chaparral | Coastal dunes | Coastal scrub Chaparral (maritime), coastal dunes, coastal 
scrub

Sandy openings. 3-320 m.

Erysimum menziesii Menzies' wallflower 19 Endangered Endangered 1B.1 SB_RSABG-Rancho Santa Ana Botanic 
Garden | SB_UCBBG-UC Berkeley 
Botanical Garden

Coastal dunes Coastal dunes Localized on dunes and coastal strand. 1-25 m.

This appendix provides the total occurrences of CNDDB species within a 3-mile radius of the Marina GSP area from 1994 to 2019.
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Scientific Name Common Name Total Occurrences Federal Status State Status
Rare Plant 

Rank
Other Status Habitats General Habitat Micro-Habitat

Gilia tenuiflora ssp. 
arenaria

Monterey gilia 29 Endangered Threatened 1B.2 SB_RSABG-Rancho Santa Ana Botanic 
Garden

Chaparral | Cismontane woodland | Coastal dunes | 
Coastal scrub

Coastal dunes, coastal scrub, chaparral 
(maritime), cismontane woodland

Sandy openings in bare, wind-sheltered areas. 
Often near dune summit or in the hind dunes; 
two records from Pleistocene inland dunes. 5-
245 m.

Horkelia cuneata var. 
sericea

Kellogg's horkelia 58 None None 1B.1 SB_UCSC-UC Santa Cruz | USFS_S-
Sensitive

Chaparral | Closed-cone coniferous forest | Coastal 
dunes | Coastal scrub

Closed-cone coniferous forest, coastal 
scrub, coastal dunes, chaparral

Old dunes, coastal sandhills; openings. Sandy or 
gravelly soils. 5-430 m.

Horkelia marinensis Point Reyes horkelia 36 None None 1B.2 Coastal dunes | Coastal prairie | Coastal scrub Coastal dunes, coastal prairie, coastal scrub Sandy flats and dunes near coast; in grassland 
or scrub plant communities.  2-775 m.

Monardella sinuata ssp. 
nigrescens

northern curly-leaved 
monardella

25 None None 1B.2 SB_SBBG-Santa Barbara Botanic 
Garden

Chaparral | Coastal dunes | Coastal scrub | Lower 
montane coniferous forest

Coastal dunes, coastal scrub, chaparral, 
lower montane coniferous forest.

Sandy soils. 10-245 m.

Trifolium buckwestiorum Santa Cruz clover 58 None None 1B.1 BLM_S-Sensitive | SB_SBBG-Santa 
Barbara Botanic Garden | SB_UCSC-
UC Santa Cruz | SB_USDA-US Dept of 
Agriculture

Broadleaved upland forest | Cismontane woodland | 
Coastal prairie

Coastal prairie, broadleafed upland forest, 
cismontane woodland

Moist grassland. Gravelly margins. 30-805 m.

Eucyclogobius newberryi tidewater goby 127 Endangered None AFS_EN-Endangered | CDFW_SSC-
Species of Special Concern | 
IUCN_VU-Vulnerable

Aquatic | Klamath/North coast flowing waters | 
Sacramento/San Joaquin flowing waters | South coast 
flowing waters

Brackish water habitats along the California 
coast from Agua Hedionda Lagoon, San 
Diego County to the mouth of the Smith 
River

Found in shallow lagoons and lower stream 
reaches, they need fairly still but not stagnant 
water and high oxygen levels.

Bombus occidentalis western bumble bee 282 None Candidate 
Endangered

USFS_S-Sensitive | XERCES_IM-
Imperiled

Once common & widespread, species has 
declined precipitously from central CA to 
southern B.C., perhaps from disease

Euphilotes enoptes smithi Smith's blue butterfly 68 Endangered None XERCES_CI-Critically Imperiled Coastal dunes | Coastal scrub Most commonly associated with coastal 
dunes & coastal sage scrub plant 
communities in Monterey & Santa Cruz 
counties

Hostplant: Eriogonum latifolium and Eriogonum 
parvifolium are utilized as both larval and adult 
foodplants.

Anniella pulchra northern California 
legless lizard

375 None None CDFW_SSC-Species of Special 
Concern | USFS_S-Sensitive

Chaparral | Coastal dunes | Coastal scrub Sandy or loose loamy soils under sparse 
vegetation

Soil moisture is essential. They prefer soils with 
a high moisture content.

Emys marmorata western pond turtle 1375 None None BLM_S-Sensitive | CDFW_SSC-
Species of Special Concern | 
IUCN_VU-Vulnerable | USFS_S-
Sensitive

Aquatic | Artificial flowing waters | Klamath/North 
coast flowing waters | Klamath/North coast standing 
waters | Marsh & swamp | Sacramento/San Joaquin 
flowing waters | Sacramento/San Joaquin standing 
waters | South coast flowing waters | South coast 
standing waters | Wetland

A thoroughly aquatic turtle of ponds, 
marshes, rivers, streams and irrigation 
ditches, usually with aquatic vegetation, 
below 6000 ft elevation

Needs basking sites and suitable (sandy banks 
or grassy open fields) upland habitat up to 0.5 
km from water for egg-laying.

Phrynosoma blainvillii coast horned lizard 781 None None BLM_S-Sensitive | CDFW_SSC-
Species of Special Concern | 
IUCN_LC-Least Concern

Chaparral | Cismontane woodland | Coastal bluff 
scrub | Coastal scrub | Desert wash | Pinon & juniper 
woodlands | Riparian scrub | Riparian woodland | 
Valley & foothill grassland

Frequents a wide variety of habitats, most 
common in lowlands along sandy washes 
with scattered low bushes

Open areas for sunning, bushes for cover, 
patches of loose soil for burial, and abundant 
supply of ants and other insects.
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Scientific Name Common Name Total Occurrences Federal Status State Status
Rare Plant 

Rank
Other Status Habitats General Habitat Micro-Habitat

Reithrodontomys 
megalotis distichlis

Salinas harvest mouse 7 None None Marsh & swamp | Wetland Known only from the Monterey Bay region Occurs in fresh and brackish water wetlands 
and probably in the adjacent uplands around 
the mouth of the Salinas River.

Sorex ornatus salarius Monterey shrew 6 None None CDFW_SSC-Species of Special 
Concern

Riparian, wetland & upland areas in the 
vicinity of the Salinas River delta

Prefers moist microhabitats. feeds on insects & 
other invertebrates found under logs, rocks & 
litter.

Taxidea taxus American badger 591 None None CDFW_SSC-Species of Special 
Concern | IUCN_LC-Least Concern

Alkali marsh | Alkali playa | Alpine | Alpine dwarf 
scrub | Bog & fen | Brackish marsh | Broadleaved 
upland forest | Chaparral | Chenopod scrub | 
Cismontane woodland | Closed-cone coniferous 
forest | Coastal bluff scrub | Coastal dunes | Coastal 
prairie | Coastal scrub | Desert dunes | Desert wash | 
Freshwater marsh | Great Basin grassland | Great 
Basin scrub | Interior dunes | Ione formation | Joshua 
tree woodland | Limestone | Lower montane 
coniferous forest | Marsh & swamp | Meadow & 
seep | Mojavean desert scrub | Montane dwarf scrub 
| North coast coniferous forest | Oldgrowth | 
Pavement plain | Redwood | Riparian forest | 
Riparian scrub | Riparian woodland | Salt marsh | 
Sonoran desert scrub | Sonoran thorn woodland | 
Ultramafic | Upper montane coniferous forest | 
Upper Sonoran scrub | Valley & foothill grassland

Most abundant in drier open stages of most 
shrub, forest, and herbaceous habitats, with 
friable soils

Needs sufficient food, friable soils and open, 
uncultivated ground.  Preys on burrowing 
rodents.  Digs burrows.

Central Dune Scrub Central Dune Scrub 24 None None Coastal dunes
Northern Coastal Salt 
Marsh

Northern Coastal Salt 
Marsh

53 None None Marsh & swamp | Wetland

Central Maritime 
Chaparral

Central Maritime 
Chaparral

19 None None Chaparral

MAMMALS

HABITAT TYPE
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APPENDIX 2.A-1
CNDDB Amphibian Species Occurrences

  

  

Sources: ESRI Map Service Imagery, 
https://wildlife.ca.gov/Data/CNDDB

Legend
City of Marina GSA Area

Amphibians (Common Name)
California tiger salamander
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APPENDIX 2.A-2
CNDDB Bird Species Occurrences

  

  

Sources: ESRI Map Service Imagery, 
https://wildlife.ca.gov/Data/CNDDB

Legend
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Birds (Common Name)
California horned lark
Bank swallow

Burrowing owl
Ferruginous hawk
Tricolored blackbird
Western snowy plover
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CNDDB Plant Species Occurrences

  

  

Sources: ESRI Map Service Imagery, 
https://wildlife.ca.gov/Data/CNDDB

Legend
City of Marina GSA Area

Plants (Common Name)
Eastwood's goldenbush
Fort Ord spineflower
Hooker's manzanita
Kellogg's horkelia

Menzies' wallflower
Monterey gilia
Monterey spineflower
Pajaro manzanita
Point Reyes horkelia
Santa Cruz clover

Toro manzanita
Yadon's rein orchid
Northern curly-leaved monardella
Pink Johnny-nip
Sand-loving wallflower
Sandmat manzanita

Seaside bird's-beak
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APPENDIX 2.A-4
CNDDB Fish Species Occurrences

  

  

Sources: ESRI Map Service Imagery, 
https://wildlife.ca.gov/Data/CNDDB

Legend
City of Marina GSA Area

Fish (Common Name)
Tidewater goby
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APPENDIX 2.A-5
CNDDB Insect Species Occurrences

  

  

Sources: ESRI Map Service Imagery, 
https://wildlife.ca.gov/Data/CNDDB

Legend
City of Marina GSA Area

Insects (Common Name)
Smith's blue butterfly
Western bumble bee
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APPENDIX 2.A-6
CNDDB Reptile Species Occurrences

  

  

Sources: ESRI Map Service Imagery, 
https://wildlife.ca.gov/Data/CNDDB

Legend
City of Marina GSA Area

Reptiles (Common Name)
Coast horned lizard
Northern California legless lizard
Western pond turtle
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APPENDIX 2.A-7
CNDDB Mammal Species Occurrences

  

  

Sources: ESRI Map Service Imagery, 
https://wildlife.ca.gov/Data/CNDDB

Legend
City of Marina GSA Area

Mammals (Common Name)
American badger
Monterey shrew
Salinas harvest mouse
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APPENDIX 2.A-8
CNDDB Habitat Species Occurrences

  

  

Sources: ESRI Map Service Imagery, 
https://wildlife.ca.gov/Data/CNDDB

Legend
City of Marina GSA Area

Habitat (Common Name)
Central Dune Scrub
Central Maritime Chaparral
Northern Coastal Salt Marsh
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3 BASIN SETTING 

 
This chapter describes the basin setting of the City of Marina Groundwater Sustainability Agency (MGSA) 
Area of the 180/400 Foot Subbasin (MGSA Area), a 372-acre area at the western end of the 180/400 
Foot Aquifer Subbasin (Subbasin).  It includes information regarding the hydrogeologic conceptual 
model, current and historical groundwater conditions, and historical, current, and projected water 
budgets.  The Subbasin is subject to significant and unreasonable seawater intrusion due largely to long-
term groundwater extraction in the inland portions of the Subbasin in excess of the sustainable yield, 
and has been identified by the Department of Water Resources (DWR) as being in a critical condition of 
overdraft (DWR 2016a).  The purpose of this Groundwater Sustainability Plan (GSP) is to support 
regional efforts to address this undesirable result and return to Subbasin to sustainable groundwater 
management within 20 years, as required by the Sustainable Groundwater Management Act 
(SGMA).  MGSA will achieve this by supporting the projects and management actions that will be 
implemented by Salinas Valley Basin Groundwater Sustainability Agency (SVBGSA) under its regional 
GSP, and by assuring that local groundwater resources are managed sustainably to protect local and 
regional beneficial uses and users.   

The MGSA Area occupies a relatively small area in the larger Subbasin.  The basin setting information in 
the SVBGSA’s GSP provides the necessary regional context for Subbasin-wide sustainable groundwater 
management; however, MGSA has developed this locally focused GSP to provide the framework 
necessary to ensure sustainable groundwater management in this portion of the Subbasin.  The 
subsequent sections of this chapter provide the necessary local data to support development of a GSP 
that complies with the requirements of the Sustainable Groundwater Management Act (SGMA) and 
supports sustainable groundwater management.  Information from or references to the SVBGSA’s GSP 
are included where appropriate.  In addition, information regarding SVBGSA’s regional groundwater 
budget for the basin is adopted in this GSP, and supplemented with local data as appropriate.   

3.1 HYDROGEOLOGIC CONCEPTUAL MODEL  

 

Regulation Requirements: 
§354.12 Introduction to Basin Setting  

This Subarticle describes the information about the physical setting and characteristics of the basin and current 
conditions of the basin that shall be part of each Plan, including the identification of data gaps and levels of uncertainty, 
which comprise the basin setting that serves as the basis for defining and assessing reasonable sustainable 
management criteria and projects and management actions. Information provided pursuant to this Subarticle shall be 
prepared by or under the direction of a professional geologist or professional engineer. 

Regulation Requirements: 
§354.14(a) Each Plan shall include a descriptive hydrogeologic conceptual model of the basin based on technical studies and 

qualified maps that characterizes the physical components and interaction of the surface water and groundwater 
systems in the basin. 
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3.1.1 INTRODUCTION  
The 372-acre MGSA Area is approximately 7,850 feet long by 2,200 feet wide and is located entirely 
within the City of Marina (City or Marina) city limits.  The Subbasin is at the northern, down-gradient 
end of the Salinas Valley Groundwater Basin – an approximately 90-mile-long alluvial basin underlying 
the elongated, intermountain valley of the Salinas River.  The Subbasin is oriented southeast to 
northwest along the coast, with the Salinas River draining toward the northwest into the Pacific Ocean 
at Monterey Bay.  The Salinas River watershed drains approximately 4,600 square miles of land in 
Monterey and San Luis Obispo Counties, and is the dominant riparian corridor along the central coast of 
California (RCDMC 2019a).  Originating in the Los Padres National Forest, the Salinas River flows 
northwesterly for about 150 miles through the Salinas Valley and empties into Monterey Bay north of 
the MGSA Area.  The valley is nestled between two sets of mountain ranges, the Gabilan Range to the 
east and the Santa Lucia Range and Sierra de Salinas to the west, both of which are part of the California 
Coast Range geomorphic province.  The watershed includes 200,000 acres of irrigated farmland.  Besides 
providing aquifer recharge for the irrigation water for Monterey County’s agricultural industry, the river 
and its tributaries provide fish and wildlife habitat.  

3.1.2 GSP AREA EXTENT 
Regulation Requirements: 
§354.14(b)(2) The hydrogeologic conceptual model shall be summarized in a written description that includes lateral basin 

boundaries, including major geologic features that significantly affect groundwater flow. 
§354.14(b)(3) The hydrogeologic conceptual model shall be summarized in a written description that includes the definable 

bottom of the basin. 
 
The MGSA Area lies within the western portion of the 180/400 Foot Aquifer Subbasin, and is one of nine 
subbasins of the Salinas Valley Groundwater Basin, of which six subbasins are being managed in part or 
in whole by SVBGSA.  The Subbasin extents are defined by the DWR and are documented in Bulletin 118 
(DWR 2003; DWR 2016a).  Figure 3-1 illustrates the extent of the MGSA Area within the Subbasin.  It is 
bounded to the south by the Monterey Subbasin, and to the west by the Pacific Ocean. 

3.1.2.1 LATERAL SUBBASIN AND GSP AREA BOUNDARIES 

The 180/400 Foot Aquifer Subbasin is bounded by a combination of inter-subbasin boundaries within 
the Salinas Valley Groundwater Basin, and outer boundaries of the Salinas Valley Basin:  

• Inter-subbasin boundaries surrounding the 180/400 Foot Aquifer Subbasin generally do not 
follow physical or hydrologic boundaries, but delineate areas with generally different aquifer 
characteristics, uses or management requirements.  These include inter-subbasin boundaries 
with the Forebay Subbasin, Eastside Subbasin, Langley Subbasin and Monterey Subbasin. 

• Basin boundaries surrounding the 180/400 Foot Aquifer Subbasin that coincide with the Salinas 
Valley Groundwater Basin follow physical basin and aquifer boundaries or prominent hydrologic 
features.  These include: 
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o The Monterey Bay Shoreline to the west; 

o Elkhorn Slough to the north (which separates the Subbasin from the Pajaro Valley 
Subbasin; and 

o The Sierra de Salinas, which forms the basin and aquifer boundary along the southern 
half of the southwest Subbasin boundary. 

The MGSA Area lateral limits are the City of Marina city limits on the north, west and east, and the 
Monterey Subbasin boundary on the south.  The western boundary coincides with the mean high tide 
line of the Pacific Ocean (Figure 3-2).   

3.1.2.2 VERTICAL SUBBASIN AND MGSA AREA BOUNDARIES 

The sedimentary sequence in the Salinas Valley structural trough is 10,000 to 15,000 feet thick.  
However, the productive drinking water aquifers are only at shallower depths, with the effective 
thickness of the groundwater Subbasin being approximately 1,500 feet (Durbin et al. 1978).  The base of 
the Subbasin is not a sharp interface between permeable sediments and lower-permeability basement 
rock, but a general transition to less productive and more saline aquifers that may vary in depth by 
location.  With increasing depth, increased consolidation and cementation of the sediments decreases 
the well yield, and deeper marine formations contain poor-quality saline groundwater unsuitable for 
most uses.   

Figure 3-3 shows a contour map of the estimated depth to the base of the aquifers in the basin (Durbin 
et al. 1978).  In the vicinity of the MGSA Area, the aquifers above a depth of approximately 700 feet are 
seawater intruded, and water supply wells extract groundwater from the “Deep Aquifer,” which is a 
system of aquifers that occurs between approximately 900 and 2,000 feet below ground surface 
(Hanson et al. 2002) within the Pliocene marine Purisima Formation.  The wells completed in this aquifer 
system near the MGSA Area provide the water supply for Marina Coast Water District (MCWD), which 
serves the City of Marina and the adjacent Ord Community.  These wells are completed at depths 
ranging from approximately 900 to approximately 1,950 feet below ground level.  This GSP has adopted 
the base of the Deep Aquifer system and the vertical boundary of the MGSA Area as 2,000 feet below 
ground level.   

3.1.3 TOPOGRAPHIC INFORMATION  
Regulation Requirements: 
§354.14(d)(1) Physical characteristics of the basin shall be represented on one or more maps that depict topographic 

information derived from the U.S. Geological Survey or another reliable source. 
 
The Subbasin and MGSA Area are located at the northern, seaward end of the Salinas Valley.  The valley 
trends north-northwestward between two sets of mountain ranges, the Gabilan Range to the east and 
the Santa Lucia and Sierra de Salinas to the west, both of which are part of the Pacific Coast Range.  
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Elevations in the Subbasin range from approximately 500 feet above mean sea level (msl) along the 
Sierra de Salinas to sea level at Monterey Bay, and fall northwestward at an average grade of 
approximately 5 feet/mile to the northwest.  The Salinas River carries sand along the valley into the 
Pacific Ocean, where it is transported southward along the coast by longshore currents.  The sand is 
blown onshore by coastal winds, forming a series of coastal dunes along the shore south the Salinas 
River.  The MGSA Area encompasses an area of unique Flandrian coastal dunes at the seaward edge of 
Salinas Valley on the north side of the City of Marina and south of the Salinas River.  The elevation 
within the MGSA Area ranges from about 100 feet above msl near the top of the coastal dunes to sea 
level at Monterey Bay.  The colored bands on Figure 3-4 show the topography of the Subbasin, derived 
from the United States Geological Survey (USGS) Digital Elevation Model (DEM).  

3.1.4 SURFACE WATER FEATURES  
Regulation Requirements: 
§354.14(d)(5) Physical characteristics of the basin shall be represented on one or more maps that depict surface water 

bodies that are significant to the management of the basin. 
 
The Salinas River watershed drains approximately 4,600 square miles of land in Monterey and San Luis 
Obispo Counties, and is the dominant riparian corridor along the central coast of California (RCDMC 
2019a) and the primary surface water body in the Subbasin.  The river runs through the entire length of 
the Subbasin and is fed by local tributaries (Figure 3-5).  The Salinas River watershed includes 200,000 
acres of irrigated farmland.  Originating in the Los Padres National Forest, the Salinas River flows 
northwesterly for about 150 miles through the Salinas Valley and empties into Monterey Bay 
approximately 4,000 feet north of the MGSA Area.  Besides providing aquifer recharge for the irrigation 
water for Monterey County’s agricultural industry, the river and its tributaries provide fish and wildlife 
habitat.  The mouth of the Salinas River forms a lagoon; its outflow to Monterey Bay is blocked by sand 
except during winter high-water flows.  MCWRA operates a slide-gate to transfer water through a 
culvert from the lagoon northward into Old Salinas River during the wet season for flood control 
(MCWRA 1994).  The Old Salinas River discharges through tide gates at Potrero Road into Moss Landing 
Harbor and ultimately the Monterey Bay.  

The only surface water features within the MGSA Area are four artificial process ponds on the CEMEX 
plant site that were constructed to support industrial sand mining and processing operations on the site.  
These include a dredge pond and three percolation ponds, which are generally devoid of vegetation. 

Regionally, the following surface water bodies are located outside of the Subbasin but are important 
controls on the rate and timing of Salinas River discharges:  

• Two reservoirs constructed to control flooding and to increase recharge from Salinas River to 
groundwater: 
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o Lake Nacimiento, in San Luis Obispo County, was constructed in 1957 and has a storage 
capacity of 335,000 acre-feet (MCWRA 2018). 

o Lake San Antonio, in Monterey County, was constructed in 1967 and has a storage 
capacity of 377,900 acre-feet. 

• Arroyo Seco, a tributary with a 275-square-mile drainage area that has no dams in its drainage 
basin and is characterized by both very high flood flows and extended dry periods. 

3.1.5 REGIONAL GEOLOGIC AND STRUCTURAL SETTING  
Regulation Requirements: 
§354.14(b)(1) The hydrogeologic conceptual model shall be summarized in a written description that includes the regional 

geologic and structural setting of the basin including the immediate surrounding area, as necessary for geologic 
consistency. 

 
The Subbasin was formed through periods of structural deformation and periods of marine and 
terrestrial sedimentation in a tectonically active area on the eastern edge of the Pacific Plate.  Figure 3-6 
presents a geologic map of the Salinas Valley Basin and vicinity, illustrating both the locations of faults 
and the geologic formations present at ground surface.  The legend in Figure 3-7 presents the age 
sequence of the geologic materials from the youngest unconsolidated Quaternary sediments to the 
oldest basement rock.   

Salinas Valley is a structural basin filled with Quaternary alluvial sediments and Tertiary marine and 
continental deposits.  In the vicinity of the MGSA Area Quaternary dune sands generally occur on a 
terrace south of the Salinas River, and alluvial and flood plain basin deposits occur north of the river 
(Figure 3-8).  There are no known structural features that restrict groundwater flow inside or 
immediately surrounding the MGSA Area, or within the 180/400 Foot Aquifer Subbasin. 

3.1.5.1 GEOLOGIC FORMATIONS  

Regulation Requirements: 
§354.14(b)(4)(a) Formation names, if defined.   

 
Major geologic units present in the subsurface and on the flanks of the 180/400 Foot Subbasin are 
described below from youngest to oldest.  The corresponding designation on Figure 3-6 is provided in 
parenthesis.  This discussion on the Subbasin geology is derived from the SVBGSA GSP (SVBGSA 2020). 

• Aromas Sand (QPc) – This Pleistocene unit is composed of cross-bedded sand containing some 
clayey layers (Harding ESE 2001).  This unit was deposited in a combination of eolian, high-
energy alluvial, alluvial fan, and shoreline environments (Harding ESE 2001; Greene 1970; and 
Dupre 1990).  The Aromas Sand may be up to 300 feet thick (Harding ESE 2001) in the adjacent 
Monterey Subbasin (Harding ESE 2001) and likely extends into the northern portion of the 
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180/400 Foot Aquifer Subbasin (MCWRA [Monterey County Water Resources Agency] 2017a), 
but it is not found in other portions of the basin. 

• Paso Robles Formation (Tc) – This Pliocene to lower Pleistocene unit is composed of lenticular 
beds of sand, gravel, silt, and clay from terrestrial deposition (Thorup 1976, Durbin 1978).  The 
depositional environment is largely fluvial (Durbin 1973) but also includes alluvial fan, lake, and 
floodplain deposition (Harding ESE 2001, Thorup 1976, Greene 1970).  The alternating beds of 
fine and coarse materials typically have bed thicknesses of 20 to 60 feet (Durbin 1978).  The 
Paso Robles Formation overlies the Purisima Formation and underlies all of the Subbasin but is 
rarely exposed at the surface.  Durham (1974) reports that the thickness is variable due to 
erosion of the upper part of the unit and that the Formation is approximately 1,500 feet thick 
near Spreckels and 1,000 feet thick near Salinas.  Through most of the subbasin, this is the 
deepest unit and the underlying marine deposits typically do not yield high rates of low total 
dissolved solids (TDS) groundwater. 

• Purisima Formation (P) – This Pliocene unit consists of intercalated siltstone, sandstone, 
conglomerate (Greene 1977), clay, and shale (Harding ESE 2001) deposited in a shallow marine 
environment.  The Purisima Formation is found in the subsurface in the Subbasin and ranges 
from 500 to 1,000 feet in thickness (WRIME 2003).  It is the youngest consolidated sedimentary 
unit encountered in the Subbasin vicinity and for the most part underlies the basin. 

• Santa Margarita Sandstone and Monterey Formation (M) – These Miocene units consist of 
friable arkosic sandstone (Santa Margarita) and shale/mudstone (Monterey) deposited in a 
shallow marine environment (Harding ESE 2001, Greene 1977).  In some areas, Santa Margarita 
Sandstone directly underlies the Paso Robles Formation where the Purisima Formation is absent 
(Greene 1977).  These units typically underlie the basin.   

3.1.5.2 SURFICIAL GEOLOGY  

Regulation Requirements: 
§354.14(d)(2) Physical characteristics of the basin shall be represented on one or more maps that depict surficial geology 

derived from a qualified map including the locations of cross-sections required by this Section. 
 
A local geologic map showing surficial geologic units is presented as Figure 3-8.  Surficial geologic units 
present in the 180/400 Foot Subbasin and MGSA Area consist of Holocene and Quaternary alluvial, dune 
sand and flood basin deposits, as shown on Figure 3-6 and Figure 3-8.  The descriptions below were 
derived from the SVBGSA GSP (SVBGSA 2020) and other references as noted.  Surficial geologic deposits 
consist of the following from youngest to oldest: 

• Marine and Nonmarine Sands (Qs) – This unit includes recent (Holocene), active dunes (Qd in 
Figure 3-6) and old (Pleistocene), vegetated dunes (Qod in Figure 3-8).  Active, wind-blown 
dunes generally extend less than 0.5 mile inland, and older dune sand deposits extend up to 4 
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miles inland as well as offshore.  The active dune areas typically consist of elevated rolling hills 
composed of loose to moderately consolidated, fine to medium grained, well sorted sand (Ninyo 
& Moore, 2005; PCE, 2014).  Younger, sparsely vegetated, active dunes are present along the 
coastline and intergrade with well sorted beach sand deposits at the coast.  Older, more 
consolidated, and sometimes weakly cemented dune deposits with more established vegetation 
are present in the inland areas and underlie most of the area south of the Salinas River near the 
coast, as well as portions of the offshore area.   

• Alluvium (Q and Qs) – This Holocene unit predominately consists of unconsolidated layers of 
mixed sand, gravel, silt, and clay that were deposited in a fluvial environment by the Salinas 
River and its tributaries.  As shown on Figure 3-6, these deposits include active riverbed 
alluvium, alluvium, and overbank or basin deposits.  In the Subbasin, this unit also includes 
extensive clay layers that were deposited in a shallow marine to brackish-water estuarine 
environment during periods when sea level rise caused submergence of the northern portion of 
the basin (Durham 1974).  The estuarine deposits extend throughout much of the Subbasin and 
form prominent aquitards that define the aquifer system discussed in Section 3.1.6.  The 
thickness is not well established because the alluvium is difficult to distinguish from underlying 
units, but it is likely 100 to 300 feet thick along the axis of the valley (Durham 1974). 

• Older Alluvium (Qoa) – This Pleistocene unit is composed of alternating, interconnected beds of 
fine-grained and coarse-grained deposits predominately associated with alluvial fan depositional 
environments.  The Older Alluvium underlies the Qa throughout the Subbasin but is not exposed 
at the ground surface.  The alluvial fan deposits have an estimated maximum saturated 
thickness of 500 feet (Durham 1974).  

3.1.5.3 SOIL CHARACTERISTICS  

Regulation Requirements: 
§354.14(d)(3) Physical characteristics of the basin shall be represented on one or more maps that depict soil characteristics 

as described by the appropriate Natural Resource Conservation Service soil survey or other applicable studies. 
 
Regionally, the soils of the Subbasin are derived from the underlying geologic formations and influenced 
by the historical and current patterns of climate and hydrology.  Productive agriculture in the Subbasin is 
supported by deep, dark, fertile soils.  The arable soils of Subbasin historically were classified into four 
groups (Carpenter and Cosby 1925): residual soils, old valley-filling soils, young valley-filling soils, and 
recent-alluvial soils.  In addition, five classes of miscellaneous soils were mapped that included tidal 
marsh, peat, coastal beach, and dune sands. 

Because the dunes underlying the MGSA Area are active, no significant soil formation has taken place in 
this area.  The soils of the MGSA Area are dune sands (Figure 3-9) listed by USDA Natural Resources 
Conservation Service (NRCS) as the Dune land (Df) unit (NRCS 2019).  More recent surveys classify the 
soils into categories based on detailed soil taxonomy (U.S. Department of Agriculture [USDA] 2018).  
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Figure 3-10 is a composite soil map of soils in and near the MGSA Area from NRCS and the Gridded Soil 
Survey Geographic (gSSURGO) Database that is produced by National Cooperative Soil Survey (NCSS).  
The soils in the terrace area south of the Salinas River where the MGSA Area is located are generally 
sandy and well drained to excessively drained with high saturated hydraulic conductivities (Table 3-1).   
The City of Marina reports that since the soils in the city are dominated by dune sand with a high 
percolation rate, stormwater runoff from the built environment percolates into the subsurface at a very 
rapid rate, resulting in little excess runoff and no need for stormwater discharge infrastructure to 
surface water (City of Marina 2014a).   
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TABLE 3-1.  SUMMARY OF SOIL CHARACTERISTICS IN THE VICINITY OF THE MGSA AREA 

Soil Name Map 
Symbol 

Percent 
of Area Drainage Class Hydrologic 

Soil Group 

Saturated 
Hydraulic 

Conductivity 
(in/hr) 

Corducci-Typic Xerofluvents 300 0.1 Somewhat excessively 
drained A 19.3 

Alviso silty clay loam Ac 1.3 Very poorly drained C/D 2.9 

Baywood sand BbC 20.8 Somewhat excessively 
drained A 13.0 

Clear Lake clay Cg 7.5 Poorly drained D 0.8 

Coastal beaches Cm 0.8 Not defined D1 13.0 

Cropley silty clay CnA 0.6 Well drained C 0.1 

Dune land Df 6.8 Excessively drained NA2 NA 

Metz loamy sand Me 1.0 Somewhat excessively 
drained B 2.7 

Metz fine sandy loam Mf 4.2 Somewhat excessively 
drained B 1.6 

Metz complex Mg 4.7 Somewhat excessively 
drained B 2.7 

Mocho silt loam MnA 3.5 Well drained B 1.3 
Mocho silty clay loam MoA 0.9 Well drained C 5.0 
Oceano loamy sand OaD 30.7 Excessively drained A 13.0 
Pacheco clay loam Pa 10.9 Poorly drained C 0.6 
Pico fine sandy loam Pf 0.7 Well drained A 3.3 
Salinas clay loam SbA 1.7 Well drained C 4.5 
Water W 2.5 Not available NA NA 
Xerorthents, dissected Xd 1.2 Well drained C 0.4 
Notes: 
1 Beach sand is assigned Hydrologic Group D because it is assumed to be saturated at a very shallow depth. 
2 Dune land are not assigned a Hydrologic Group; however, are assumed to have low runoff potential. 
NA = Data not available. 
Hydrologic Group A: Soils having high infiltration rate (low runoff potential) when thoroughly wet. 
Hydrologic Group B: Soils having moderate infiltration rate when thoroughly wet. 
Hydrologic Group C: Soils having a slow infiltration rate when thoroughly wet. 
Hydrologic Group D: Soils having a very slow infiltration rate (high runoff potential) when thoroughly wet. 
Source: USDA NRCS Web Soil Survey, https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx 
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3.1.5.4 REGIONAL CROSS-SECTIONS  

Regulation Requirements: 
§354.14(c) The hydrogeologic conceptual model shall be represented graphically by at least two scaled cross-sections that 

display the information required by this section and are sufficient to depict major stratigraphic and structural features 
in the basin. 

 
Three regional cross-sections along and across the Subbasin are shown in Figure 3-11, Figure 3-12, and 
Figure 3-13 (Kennedy-Jenks 2004).  These cross sections are adopted from the SVBGSA Subbasin GSP 
(SVBGSA 2020).  The locations of these cross-sections are depicted in Figure 3-6.  The hydrogeologic 
cross-sections are based on geologic logs provided in California DWR Water Well Drillers Reports (DWR-
188 forms) filed by the well drillers, and depict the general stratigraphic distribution and lithology of the 
principal water supply aquifers in the Subbasin.  Geologic log descriptions were grouped into hydrologic 
units as follows:  

• Fine-grained sediments (e.g., clay, silt, sandy clay, and gravelly clay) are shown as aquitards; 

• Coarse-grained sediments (e.g., sand, gravel, and sand-gravel mixtures) are shown as aquifers; 
and 

• Sediments logged as gravel/clay, sand/clay, and sand/gravel/clay are interpreted to consist of 
interbedded coarse-grained and fine-grained deposits and are included with aquifer materials. 

The cross sections show the extent of the 180-Foot Aquifer and 400-Foot Aquifer and aquitards (Salinas 
Valley Aquitard and 180/400 Foot Aquitard) throughout the Salinas Valley basin, and illustrate the 
heterogeneity of these aquifers units and the aquitards that separate them.  The major aquitards are 
discontinuous at various locations, most importantly near the coast, where the MGSA Area is located.  
Locally important shallow aquifers are not identified at the scale of these cross sections.   

3.1.6 AQUIFER SYSTEM  
Regulation Requirements: 
§354.14(b)(4) The hydrogeologic conceptual model shall be summarized in a written description that includes the principal 

aquifers and aquitards.  
§354.14(b)(4)(c) Structural properties of the basin that restrict groundwater flow within the principal aquifers, including 

information regarding stratigraphic changes, truncation of units, or other features. 
 
Previous hydrogeological studies in and around the region of interest provide detailed background 
information about the regional hydrostratigraphy (Fugro West Inc. 1995, Harding ESE 2001, 
Kennedy/Jenks Consultants 2004, MACTEC 2005; Geoscience Support Services 2014, Hopkins 
Groundwater Consultants 2016).  Historically, in hydrostratigraphic investigations, the region that lies 
north of the Salinas River, which comprises most of the Salinas Valley basin, has been discussed 
separately from the region south of the Salinas River, which includes the Marina and Fort Ord areas.  
While there are geological and geographic differences between the two regions, most of the equivalent 
aquifers produced for beneficial uses in each region are believed to be hydraulically connected.  Here, we 
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present a brief review of the hydrostratigraphy in the coastal region of interest, noting major differences 
between the regions north and south of the Salinas River.  The units are discussed roughly in order of 
highest to lowest elevation.  Much of this discussion is adapted from Gottschalk et al. (2018).  Though 
these aquifer-system units are referred to here as “aquifers,” they generally constitute heterogenous 
assemblages of fine- and coarse-grained deposits (Hanson et al. 2002). 

3.1.6.1 DUNE SAND AQUIFER 

The Dune Sand Aquifer is present south of the Salinas River, and is the predominant unconfined aquifer 
in the Marina and Fort Ord areas.  It is composed of fine to medium grained, well sorted aeolian sand of 
Pleistocene to Recent age that extends offshore and up to 4 miles inland, and extends to depths up to 
85 to 95 feet beneath the ground surface at the coast in the MGSA Area.  While the Dune Sand Aquifer is 
laterally continuous at and in the vicinity of the MGSA Area, it is not commonly used for drinking water 
or agricultural irrigation  However, as discussed later in this chapter, the Dune Sand Aquifer is connected 
to surface water systems and yields significant quantities of groundwater to groundwater-dependent 
ecosystems (GDE), stores a substantial quantity of low-TDS groundwater with designated beneficial 
uses, is an important source of low-TDS groundwater recharge to aquifers below it, and contains low-
TDS groundwater in equilibrium with an intruding saline water wedge deeper in the aquifer system.  
Therefore, in this GSP, the Dune Sand Aquifer is considered a principal aquifer because of its local 
importance. 

Within much of the Marina and Fort Ord areas, the Dune Sand Aquifer overlies a clay layer known in Fort 
Ord groundwater investigations as the Fort Ord- Salinas Valley Aquitard (FO-SVA) and known more 
regionally as part of the Salinas Valley Aquitard (SVA).  When underlain by the SVA, the Dune Sand 
Aquifer is also referred to as the Perched Dune Sand Aquifer (Hopkins Groundwater Consultants 2016), 
or the A-Aquifer (Ahtna Environmental Inc. 2017).  The underlying SVA or other aquitards, where 
present, are considered to create a perched or semi-perched condition for the Dune Sand Aquifer.  Near 
the coast and south of the Salinas River, the SVA thins out, bringing the Dune Sand Aquifer and the 
underlying 180-Foot Aquifer into hydraulic connection.  The thinning of the SVA is coincident with a 
drop in the hydraulic head in the Dune Sand Aquifer.  Here the groundwater enters the underlying 
Upper 180-Foot Aquifer, and flows southeastward, according to the hydraulic gradient (Ahtna 
Environmental Inc. 2017).  In the MGSA Area, the Dune Sand Aquifer is seawater intruded; however, high 
recharge rates have resulted in a large zone of groundwater containing lower concentrations of TDS immediately 
east of, and extending into the eastern portion of, the MGSA Area.  The seaward discharge of low TDS 
groundwater from this area, and the flow of groundwater from the Dune Sand Aquifer to the Upper 
180-Foot Aquifer, appears to mound groundwater in the Dune Sand and Upper 180-Foot Aquifers 
near the coast, creating a local groundwater barrier against encroaching seawater intrusion.   

As a result of the relatively high permeability of the Dune Sand Aquifer, it supports high recharge rates 
and has little to no runoff.  It is notable that south of the Salinas River, there are no major creeks, 
streams or rivers that drain at and in the vicinity of the MGSA Area (Figure 3-5), which relates to the high 
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permeability, high recharge rate of the Dune Sand Aquifer.  Groundwater occurs at depth beneath the 
tall, active dunes at the coast, but can be relatively shallow further inland and beneath hollows and 
depressions.  As discussed in Section 3.2.6.2, near the MGSA Area, the Dune Sand Aquifer is hydraulically 
connected to, and supports, local groundwater-dependent ecosystems (GDEs), including palustrine and 
emergent wetlands which support protected species.    

3.1.6.2 SALINAS VALLEY AQUITARD (SVA) 

The Salinas Valley Aquitard is a laterally extensive clay and sandy clay layer covering much of the Salinas 
Valley basin, east of Fort Ord, and from the Monterey Bay south past Salinas.  It is approximately 100 
feet thick west of Salinas (Kennedy/Jenks 2004).  South of the Salinas River, a similar unit of clay is locally 
called the FO-SVA as discussed previously.  Harding ESE (2001) concluded that the SVA and the FO-SVA 
are “either the same or at least hydraulically equivalent.”  Within this GSP, the two units are referred to 
collectively as the SVA.  In the Salinas Valley basin, the SVA is thicker and relatively flat, while in the Fort 
Ord area, the SVA is higher in elevation and dips more steeply toward the coast (ibid).  Near the coast 
and south of the Salinas River, the SVA thins out, bringing the Dune Sand Aquifer and the underlying 
180-Foot Aquifer into hydraulic connection.   

3.1.6.3 180-FOOT AQUIFER 

The 180-Foot Aquifer underlies the SVA and is the uppermost regional aquifer that has historically been 
used as a groundwater supply.  Near the MGSA area, it is seawater intruded; however, due to recharge 
from the overlying Dune Sand Aquifer, it contains a zone of groundwater with relatively low 
concentrations of TDS east of the MGSA Area.  The aquifer ranges from 50 to 150 feet in thickness, and 
within the Salinas Valley basin, the top is often encountered 100 to 150 feet below ground surface (ft bgs) 
(Kennedy/Jenks 2004).  The 180-Foot Aquifer extends across more than one stratigraphic or geologic 
unit, and various interpretations have correlated it to different combinations of stratigraphic units 
depending on the investigator, the area under study, and the investigator’s interpretation.  In the MGSA 
Area, it has been correlated with the lower portions of the Quaternary Alluvium and the upper portions 
of the Aromas Sand (ESA 2018).  The Upper 180-Foot Aquifer, believed to be 20 to 60 feet thick (Harding 
ESE 2001), is considered to be in hydraulic connection with the Dune Sand Aquifer near the coast, as the 
SVA thins out.  The Intermediate 180-Foot Aquitard, a sequence of silty and clayey beds, hydraulically 
separates the sandy Upper 180-Foot Aquifer from the gravelly Lower 180-Foot Aquifer in the Marina and 
Fort Ord area.  Geophysical studies reported by Gottschalk et al. (2018) have confirmed this aquitard is 
discontinuous in the vicinity of the MGSA Area. 

3.1.6.4 180/400-FOOT AQUITARD 

This 180/400-Foot Aquitard separates the 180-Foot Aquifer from the underlying 400-Foot Aquifer 
throughout much of the Subbasin.  It is a zone of “discontinuous aquifers and aquitards,” of which the 
aquitards, where present, comprise an aquitard that separates the 180-Foot Aquifer from the underlying 
400-Foot Aquifer (Geoscience 2014).  The discontinuous nature of the 180/400-Foot Aquitard was 
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documented first by Monterey County Flood Control and Water Conservation District (MCFCWCD 1960) 
and was a subject of focused studies by Kennedy/Jenks (2004) north of the Salinas River.  South of the 
Salinas River, the 180/400-Foot Aquitard is relatively thin and has been recorded to pinch out at the 
Main Garrison area of the former Fort Ord (Harding ESE 2001).  Geophysical studies reported by 
Gottschalk et al. (2018) have confirmed this aquitard is discontinuous in and near the MGSA Area, and 
its hydraulic connection to the overlying 180-Foot Aquifer in the vicinity of the MGSA area is 
substantiated by available hydrographs (Section 3.2.1.3).   

3.1.6.5 400-FOOT AQUIFER 

This aquifer is regionally extensive and is composed of sand and gravel packages and is typically 
encountered between 275 and 460 ft bgs (Kennedy/Jenks, 2004).  It is correlated with the Aromas Sand 
and the upper portion of the Paso Robles Formation (ESA 2018).  The thickness and depth of the aquifer 
are variable throughout the Subbasin.  Near Salinas, the aquifer is largely continuous; whereas, near 
Castroville, it is comprised of multiple sandy packages, separated by thin clay layers.  South of the 
Salinas River, the 400-Foot Aquifer consists mostly of sand.  In regions where the 180/400-Foot Aquitard 
thins out or is absent, the 180-Foot Aquifer and the 400-Foot Aquifer are in direct hydraulic 
communication.  Hydraulic connection allows groundwater to flow unhindered from the aquifer with 
higher hydraulic head to the aquifer with lower hydraulic head in these areas.  Generally speaking, the 
400-Foot Aquifer has a lower hydraulic head than the 180-Foot Aquifer.  In areas of hydraulic connection 
between these two aquifers, saline groundwater in the 180-Foot Aquifer, which has been recorded 
farther inland than in the 400-Foot Aquifer, has been documented to migrate vertically into the 400-
Foot Aquifer, deteriorating water quality in the 400-Foot Aquifer (MCWRA 2017). 

3.1.6.6 400-FOOT/DEEP AQUITARD 

Beneath the 400-Foot Aquifer is an aquitard that can be up to “several hundred feet thick” (Kennedy/ 
Jenks 2004).  Logging of a boring in the City of Marina conducted by the USGS interpreted a zone of silty 
clay and mudstone from about 700 to 900 feet below the ground surface (Hanson et al. 2002).  More 
variable lithology has been interpreted from other deep well geophysical logs in the area (MCWRA 
2017), and as discussed below, the USGS acknowledged the stratigraphic interval in which this aquitard 
was encountered has also been identified as containing transmissive units locally referred to as the 900-
Foot Aquifer.  As such, while substantial units of low permeability appear to exist within and beneath 
the lower portions of the upper aquifer system in the Paso Robles Formation, their regional continuity 
and competence are not well understood.   

3.1.6.7 DEEP AQUIFER 

The Deep Aquifer has received different definitions from various reports and consists of a system of 
aquifers.  Kennedy/Jenks (2004) define the Deep Aquifer as the group of deep aquifers located between 
the depths of approximately 780 and 1,500 ft msl.  Previous investigators delineated the Deep Aquifer 
system as the interval between 1,300 and more than 2,000 feet below ground surface (Geoconsultants, 
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Inc. 1993) based on data from the MCWD deep-aquifer system water-supply wells.  USGS (Hanson et al. 
2002) states the basal part of the upper aquifer system, encountered from approximately 670 to 955 
feet below ground surface at a deep boring in the City of Marina, is locally referred to as the 900-Foot 
Aquifer, which is generally considered part of the Deep Aquifer system.  They conclude this part of the 
Deep Aquifer system may constitute terrestrial sediments of the Plio-Pleistocene Paso Robles Formation 
(stratigraphically equivalent to the aquitard described above).  ESA (2018) states that in the MGSA Area, 
the 900-Foot Aquifer correlates with the Paso Robles Formation.  The majority of the Deep Aquifer 
system appears to consist of interbedded sands, silts and clays of the Mio-Pliocene Purisima Formation 
that were deposited in a marine shelf environment (Hanson et al. 2002, ESA 2018).  Aquifers within this 
formation are known to extend to a depth of approximately 2,000 feet.  The basal, or lowermost, unit of 
the Purisima Formation is reported to consist of relatively impermeable clay and shale (ESA 2018).  
Portions of the Purisima Formation that correlate with the Deep Aquifer system crop out in the 
submarine Monterey Canyon several miles offshore.   

To date, seawater intrusion has not been documented in the Deep Aquifer, even though groundwater 
elevations in the Deep Aquifer are consistently below sea level.  This lack of seawater intrusion in the 
Deep Aquifer may be due, at least in part, to the geologic setting (Feeney and Rosenberg 2003).  
groundwater pumping from wells in the Deep Aquifer is thought to be supported primarily by leakance 
from the overlying aquifer system (i.e., the 180‐Foot Aquifer and 400‐Foot Aquifer).  Some groundwater 
pumping is derived from depletion of groundwater storage, but hydraulic properties of the Deep Aquifer 
(specifically storage coefficients) suggest that while some groundwater may come from storage 
immediately following the onset of pumping a well, very little groundwater is removed from storage 
over time.  Therefore, increases in groundwater pumping in the Deep Aquifer are likely supported by 
increased leakance from the overlying aquifers (Feeney and Rosenberg 2003).  As a result of these 
findings, the Monterey County Board of Supervisors voted on May 18, 2018 to place a moratorium on 
the construction of new wells in the Deep Aquifer as a preventive measure because, at present, 
seawater intrusion has not been observed in the Deep Aquifer.   

3.1.7 AQUIFER PROPERTIES  
Regulation Requirements: 
§354.14(b)(4)(b) Physical properties of aquifers and aquitards, including the vertical and lateral extent, hydraulic 

conductivity, and storativity, which may be based on existing technical studies or other best available information. 
 

3.1.7.1 GENERAL AQUIFER PROPERTIES  

There are two general types of aquifer properties relevant to groundwater management: 

• Groundwater transmission properties - These properties control the relationship between 
hydraulic gradients and the rate of groundwater movement or flow; and 
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• Aquifer storativity properties - These properties control the relationship between the volume of 
groundwater stored in the aquifer and the water elevation measured in the aquifer.  

Groundwater transmission properties: Hydraulic conductivity measures the ability of an aquifer to 
transmit water.  Hydraulic conductivity is measured in units of feet per day (ft/day).  Units with higher 
hydraulic conductivities, such as sands and gravels, transmit groundwater more easily than units with 
lower hydraulic conductivities.  Another common measurement of the ability of an aquifer to transmit 
water is transmissivity.  Transmissivity is equivalent to the hydraulic conductivity of an aquifer times the 
thickness of an aquifer.  Unfortunately, very few estimates of hydraulic conductivity or transmissivity 
exist for the Subbasin.  

Aquifer storativity properties: The aquifer properties that characterize the relation between water 
elevation and aquifer storage volume are “specific yield” for unconfined aquifers and “specific storage” 
for confined aquifers.  The units are dimensionless. 

• Specific yield is the amount of water that drains from pores when an unconfined aquifer is 
dewatered.  An example is water draining from the voids between sand grains, but leaving 
behind water sticking to the grains as a film of water.  The pores dewater, they are not dried 
out.  Typical specific yield values for unconfined alluvial systems range from 10% to 30% or 0.1 
to 0.3 (Lohman 1972). 

• Specific storage (also referred to as storage coefficient) is the amount of water derived from a 
cubic foot of confined aquifer due to a unit loss of pressure head in the aquifer.  Specific storage 
is effectively a pressure response and is a combination of compression of the aquifer and 
compression or expansion of water.  Specific storage in confined alluvial aquifers typically ranges 
from about 10-3 to 10-5 (Lohman 1972). 

3.1.7.2 AQUIFER PROPERTIES NEAR THE MGSA AREA 

Although there is limited information on aquifer properties at and in the vicinity of the MGSA Area, the 
CEMEX model used for the MPWSP site investigation assigned aquifer properties to the aquifers and 
aquitards from the Dune Sand Aquifer down to the Deep Aquifer.  While this model is based on a 
simplified version of the site-specific stratigraphy and initial water elevation conditions that does not 
consider all of the locally available data, it does provide a reasonable initial estimate of aquifer 
properties.  A list of the assigned aquifer and aquitard parameters adopted in the CEMEX model is listed 
below (the Deep Aquifer is referred to as the 900-Foot Aquifer in the CEMEX model). 

• Dune Sand Aquifer - Hydraulic conductivity 210 to 340 ft/day; Specific yield 0.065; 

• Salinas Valley Aquitard - Hydraulic conductivity and storage – not simulated near MGSA Area; 

• 180-Foot Aquifer - Hydraulic conductivity 160 ft/day; Specific storage 4x10-3; 

• 180/400-Foot Aquitard - Hydraulic conductivity 3.1 to 5.4 ft/day; Specific storage 1x10-5; 

• 400-Foot Aquifer - Hydraulic conductivity 50 to 90 ft/day; Specific storage 4x10-4 to 2x10-3; 
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• 400/900-Foot Aquitard - Hydraulic conductivity 1.8 ft/day; Specific storage 1x10-5 to 2x10-5; and 

• 900-Foot Aquifer - Hydraulic conductivity 25 ft/day; Specific storage 1x10-5. 

USGS is developing the Salinas Valley Integrated Hydrologic Model (SVIHM) to simulate surface and 
groundwater conditions and flow in the Salinas Valley basin and serve as a tool to assess historical, 
current, and future groundwater conditions.  SVBGSA utilized a pre-publication version of this model to 
support development of its GSP.  The above aquifer properties will be updated as more data become 
available and the USGS SVIHM model is published.  Refinement of these aquifer properties and of the 
local stratigraphic relationships, dimensions, and heterogeneity within and surrounding the MGSA Area 
will allow a more accurate assessment of groundwater flow and solute transport as the GSPs are 
implemented. 

3.1.8 AQUIFER USES  
Regulation Requirements: 
§354.14(b)(4)(e) Identification of the primary use or uses of each aquifer, such as domestic, irrigation, or municipal water 

supply. 
 
The Dune Sand Aquifer is not currently used as a water supply, but does support surface water systems 
and does yield water to GDEs in the immediate vicinity of the MGSA Area (Section 3.2.6.2).  
Groundwater extraction from the 180-Foot and 400-Foot Aquifers within the Castroville Seawater 
Intrusion Project (CSIP) service area in the seawater-intruded area on the west side of the Subbasin is 
regulated by the MCWRA, and groundwater extraction is prohibited in a portion of this area.  The 
SVBGSA’s GSP includes a management action to expand the CSIP service area and prohibit new 
groundwater wells throughout this area.  As a result, groundwater extraction in this area is limited.  
MCWD operates five municipal supply wells that are completed in the 180/400-Foot Aquifer and Deep 
Aquifer to provide water to the Ord Community, about 4 miles southeast of the MGSA Area (Schaaf & 
Wheeler 2016, MCWD 2019c).  Small non-transient water systems reliant on groundwater are located 
near Neponset, near the Marina Airport and near the regional wastewater treatment plant located east 
of the MGSA Area.  

Groundwater within the MGSA Area is currently being used by the CEMEX plant for industrial process 
supply (ESA 2018).  CEMEX produces groundwater from a well completed in the 180-Foot and 400-Foot 
Aquifers.  The well was constructed in the 1960s, and currently extracts approximately 305 acre-feet per 
year (AFY).  The amount of groundwater produced from the lower TDS zone in the upper 180-Foot 
Aquifer vs. saline groundwater from the deeper portions of the 180-Foot Aquifer and the underlying 
400-Foot Aquifer is not known.  The CEMEX permitted operations will end by December 31, 2020 due to 
the agency enforcement actions described in Chapter 2, and pumping for the facility will cease by that 
time (Powder & Bulk Solids 2017) or, at the latest in December 2024, when CEMEX removes the well.   

One proposed future use of the aquifers in the MGSA Area is extraction of groundwater for the 
proposed MPWSP desalination plant.  Makeup water for the MPWSP would be pumped from five slant 
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wells (plus two standby wells) close to the coast.  The wells would extract water radially from the DSA 
and 180-Foot Aquifer near the coast.  Groundwater captured by the wells would include saline 
groundwater originating outside the western (seaward) Subbasin boundary, saline groundwater from 
aquifers within the Subbasin, and low-TDS groundwater from aquifers within the Subbasin.  The amount 
of makeup water proposed to be pumped from these slant wells under the preferred alternative is 
approximately 17,400 AFY (HWG 2017).   

South of the MGSA Area, MCWD pumps groundwater from three supply wells completed in the Deep 
Aquifer in the eastern portion of the City for distribution to the Central Marina service area and 
Armstrong Ranch (Wells #10, #11 and #12).  The combined extraction from these wells was 
approximately 1,823 AFY in 2015, and is forecast to increase to 3,905 AFY by 2035, including supply for 
development in the Armstrong Ranch area, which was annexed to the City in 2007 (Schaaf & Wheeler 
2016).  The MCWD wells are located in the Monterey Subbasin in the eastern part of the City of Marina 
as shown on Figure 3-14.   

3.1.9 GENERAL GROUNDWATER QUALITY  
Regulation Requirements: 
§354.14(b)(4)(d) General water quality of the principal aquifers, which may be based on information derived from existing 

technical studies or regulatory programs. 
 
Native groundwater in the 180-Foot and 400-Foot Aquifers that is not affected by seawater intrusion is 
characterized as calcium-sodium bicarbonate water (MCWRA 2017).  Groundwater in the Deep Aquifer 
is characterized as a sodium bicarbonate water (MCWRA 2017).  Seawater intrusion into 180-Foot and 
400-Foot Aquifers at and in the vicinity of the MGSA Area has created more saline water that is 
characterized as a sodium chloride water.  Figure 3-15 presents a Piper diagram from a report prepared 
by MCWRA (2017) that plots major ion data from the principal aquifers within and near the Subbasin.  
The diagram provides a means of representing the proportions of major anions and cations in water 
samples and thereby can be used to illustrate the character of the water quality. 

As discussed further in Section 3.2.3, seawater intrusion into the 180-Foot and 400-Foot Aquifers is 
monitored by the MCWRA.  MCWRA uses a standard of 500 milligrams per liter (mg/L) chloride to define 
the areas affected by seawater intrusion and inform its management decisions (MCWRA 2017).  Based 
on this standard, seawater intrusion has progressed inland from the coast over a distance of 
approximately 4 to 7 miles in the 180-Foot Aquifer, and 3 to 4 miles in the 400-Foot Aquifer.  In addition, 
several “chloride islands” have formed in the 400-Foot Aquifer beyond the main intrusion front as a 
result of downward migration of groundwater containing over 500 mg/L chloride from the 180-Foot 
Aquifer into the 400-Foot Aquifer in areas where the aquitard separating the two aquifers is thin or 
absent.  Vertical movement of saline groundwater into the 400-Foot Aquifer at “islands” could be due to 
both downward migration in areas where the aquitard thins or is heterogeneous, or at locations where 
wells are improperly constructed or abandoned, forming a conduit through which vertical migration may 
occur. 
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It is important to note that groundwater in the areas affected by seawater intrusion still has actual and 
potential beneficial uses.  Under State Water Resources Control Board (SWRCB) Resolution No. 88-63, 
the state considers all groundwater containing TDS at concentrations less than 3,000 mg/L as having a 
potential beneficial use as a domestic and municipal supply.  For water containing TDS or chloride in 
excess of drinking water standards, treatment would be required prior to use.  The Federal Clean Water 
Act defines groundwater containing less than 10,000 mg/L TDS as an Underground Source of Drinking 
Water.  In addition, there are zones of higher quality, less saline groundwater, which contain lower 
concentrations of TDS, present at various locations and depths within the seawater-intruded area.  As 
discussed further in Section 3.1.12, a prominent zone of higher quality groundwater extends 
approximately from the eastern portion of the MGSA Area eastward through the area underlain by the 
Dune Sand Aquifer, and extends vertically downward into the 180-Foot Aquifer (Gottschalk et al. 2018).  

Nitrate impacts from historical agricultural uses are widespread in the Subbasin.  As discussed further in 
Section 3.2.4.2, nitrate concentrations detected in wells within the MGSA Area are well below the 
Maximum Contaminant Level (MCL), except for one outlier of 13 historical sampling events of the 
CEMEX process water supply well; however, this well produces saline groundwater and is not being used 
as a source of drinking water.  Shallow monitoring wells in the agricultural area east of the MGSA Area 
generally contain nitrate at concentrations near or exceeding the MCL.   

In the vicinity of the MGSA Area, elevated TDS and chloride are the primary constituents of concern due 
to seawater intrusion.  Figure 3-16, Figure 3-17, and Figure 3-18 present the TDS and chloride 
concentrations detected in the Dune Sand Aquifer, 180-Foot Aquifer, and 400-Foot Aquifer, respectively, 
in samples collected in April 2019.  

3.1.10 SOURCE AND POINT OF DELIVERY OF IMPORTED WATER  
Regulation Requirements: 
§354.14(d)(6) Physical characteristics of the basin shall be represented on one or more maps that depict the source and 

point of delivery for imported water supplies. 
 
There is no water imported into either the MGSA Area or the 180/400 Foot Aquifer Subbasin.  

3.1.11  RECHARGE AND DISCHARGE AREAS  
Regulation Requirements: 
§354.14(d)(4) Physical characteristics of the basin shall be represented on one or more maps that depict delineation of 

existing recharge areas that substantially contribute to the replenishment of the basin, potential recharge areas, and 
discharge areas, including significant active springs, seeps, and wetlands within or adjacent to the basin. 

 

3.1.11.1 NATURAL RECHARGE AREAS 

Monterey County maps the area immediately east of the MGSA Area as a recharge area (Figure 3-19).  
The area is underlain by the Older Dune Sands (Figure 3-8) and soils in the arear are highly permeable.  
The City of Marina uses an infiltration rate of 1 foot/hour as a stormwater management design standard 
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in this area.  The active coastal dunes that extend from the Salinas River southward through and past 
the City of Marina possess similar properties.  Although the Dune lands (Df) soils underlying these areas, 
including the MGSA Area, are not mapped by the County as a recharge area, they are assumed to have 
similar properties.  It is assumed that all rainfall on the Df soil that is not lost to evapotranspiration is 
recharged to the subsurface aquifer(s).  As was noted earlier in Section 3.1.6, south of the Salinas River, 
there are no major creeks, streams or rivers that drain at and in the vicinity of the MGSA Area (Figure 
3-5), which relates to the high permeability, high recharge rate of the Dune Sand Aquifer.   

An additional source of recharge is deep percolation of applied irrigation water in the agricultural areas 
east and northeast of the MGSA Area.  This area receives water from the CSIP, and has undergone an 
expansion of agricultural development by approximately 1,000 acres over the last 10 years.  Given the 
very high permeability of the underlying soils, it is assumed that any applied irrigation water that is not 
consumptively used by crops recharges the underlying aquifer(s).   

The Salinas River is reported to be a “losing” stream in the area near Marina (MCWRA 2018); therefore, 
it is expected to be a regional source of recharge north and east of the MGSA Area.  Salinas River losses 
per river mile were estimated by MCWRA based on measurements at eight gaging stations (MCWRA 
2018) extending upstream from Spreckels.  Spreckels is located approximately 13.5 river miles upstream 
from the river mouth, south of Salinas.  Measured river losses ranged from 4.5 cubic feet per second 
(cfs) to 12.2 cfs per river mile.  It should be noted that these river measurements were conducted 
following a 5-year drought.  Assuming these measurements are representative of river losses over a 
typical year, this would be equivalent to a loss of approximately 3,300 to 8,840 AFY per river mile to 
groundwater recharge.  Assuming half the recharge contributes to recharge on each side of the river and 
that these measurements apply to the lower reach of the river between Spreckels and the river mouth, 
this would equate to recharge rates from the river to the Dune Sand and 180-Foot Aquifers of about 
1,650 to 4,420 AFY per river mile near the MGSA Area.  Recharge derived from infiltration of river water 
contributes to the subsurface inflow to the MGSA Area, but it is not directly connected to the MGSA 
Area, as the river passes approximately 4,000 feet to the north and 2 miles to the east.   

3.1.11.2 NATURAL DISCHARGE AREAS 

Groundwater discharge in the area near the MGSA Area occurs by evapotranspiration (ET) from GDEs 
and discharge to the Pacific Ocean.   

As discussed in Section 3.2.6.2, no GDEs are located within the boundaries of the MGSA Area; however, 
several GDEs are located in the immediately surrounding area.  These GDEs utilize shallow groundwater 
from the Dune Sand Aquifer to meet a significant portion of their water demand.  The amount of 
consumptive use by these GDEs has not been estimated.  The total annual ET from these GDEs will be 
assessed as part of future groundwater budget updates during GSP implementation.  

Three GDEs near the MGSA Area are included in the Coastal/Vernal Ponds Comprehensive Management 
Plan that was developed by the City in 1994 (The Habitat Restoration Group and Michael Swanson and 
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Associates 1994): Pond 6 – Armstrong Ranch Complex Ponds are immediately to the east of the MGSA 
Area; Pond 5 – Marina Cost Water District Pond is south of the MGSA Area; and Pond 3 – Marina 
Landing Pond is south east of the MGSA Area.  These features are characterized as emergent or 
palustrine wetlands in the Natural Communities Commonly Associated with Groundwater (NCCAG) 
dataset developed by The Nature Conservancy in cooperation with DWR.   

Potentiometric surface maps prepared for the vicinity of the MGSA Area indicate the groundwater flow 
direction in the Dune Sand Aquifer is toward the coast.  In addition, there is an upward gradient 
between the 180-Foot Aquifer and the Dune Sand Aquifer at the monitoring well cluster that is nearest 
to the coast (Section 3.1.12).  This is consistent with seaward discharge of groundwater from the Dune 
Sand Aquifer and upper 180-Foot Aquifer under Ghyben-Herzberg dynamics (Section 3.1.12).   

3.1.12 CONCEPTUAL UNDERSTANDING 
When preparing seawater intrusion maps for 2015, MCWRA (2017) noted, for the first time, the 
existence of three isolated plumes of saline groundwater in the 400-Foot Aquifer inland from the 
contiguous seawater intrusion front (referred to in the report as “chloride islands”).  The existence of 
these chloride islands suggested that migration of saline groundwater may be occurring downward 
through gaps in the 180/400-Foot Aquitard.  Vertical movement of saline water into the 400-Foot 
Aquifer at “islands” could be due to both downward migration in areas where the aquitard thins or is 
heterogeneous, or at locations where wells are improperly constructed or abandoned, forming a conduit 
through which vertical migration may occur.  In response to this finding, MCWRA conducted a detailed 
review of 187 wells in an effort to better understand the potential pathways for seawater intrusion into 
the chloride islands.  It was found that of the 187 wells evaluated, there are at least 74 wells for which 
adequate hydraulic separation could not be confirmed of the 400-Foot Aquifer from the overlying, 
seawater-intruded 180-Foot Aquifer.  The MCWRA (2017) report identifies 15 locations where gaps in 
the 180/400-Foot Aquitard were confirmed to exist.  Figure 3-20 presents a map view illustration of the 
“area of impact” as mapped by MCWRA and the identified aquitard gaps.  

In addition to the extensive dataset developed from prior hydrogeologic investigations in the area, from 
2011 to 2018, a research team from Stanford University investigated the hydrostratigraphy and 
seawater intrusion in the upper aquifer system (the Dune Sand, 180-Foot and 400-Foot Aquifers) along 
the Monterey Bay coast in Santa Cruz and Monterey Counties.  The investigations utilized Electrical 
Resistance Tomography (ERT) and Airborne Electromagnetics (AEM) to investigate variations in 
subsurface conductivity that were used to interpret stratigraphic and water quality variations by 
correlating them to the electrical logs of borings drilled near the coast.   

Electrical and electromagnetic geophysical techniques provide an efficient means of collecting sufficient 
data for two- and three-dimensional conceptualization of complex subsurface systems in a way that is 
not practical with the use of conventional boreholes and monitoring wells alone, and are a widely used 
and well established investigation technique for characterization of seawater intrusion into coastal 
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aquifers (Viezzoli, Munday and Cooper 2012, Herckenrath et al. 2013, Mills et al. 1988, Kazkis et al. 
2016, Hazreek et al. 2018).  The northward extension of the AEM dataset compiled by the Stanford team 
is currently being used in the preparation of a GSP for the Santa Cruz Mid-County Subbasin and is 
proposed to perform long term monitoring of seawater intrusion in that area.  While the AEM data are 
not collected using direct measurements (such as, drilling a well bore), using indirect measurement 
geophysics in subsurface investigations has a long history in groundwater investigations dating back to 
1926 when the Schlumberger brothers developed borehole resistivity logging tools (Hilche 1990).  
Further, airborne electromagnetic surveys are an integral part of the SWRCB Regional Monitoring 
Program for groundwater monitoring in areas of oil and gas well stimulation for salinity mapping 
conducted by USGS (SWRCB 2019).  

The AEM data provides one snapshot in time covering much of MGSA Area and nearby area of interest.  
The data are extensive and provide a broader three-dimensional understanding of the subsurface 
hydrostratigraphy and water quality distribution than well-based data alone. 

In 2011 and 2012, ERT profiles were collected along 6.8 kilometers (km) of shoreline along the Monterey 
Bay near Marina, and in 2014, 40 km of ERT profile data were collected along the Monterey Bay 
shoreline in Monterey and Santa Cruz Counties (Pidlisecky et al. 2016, Goebel et al. 2017).  In 2017, 395 
miles of AEM data were acquired in the northern Salinas Valley near the shore and extending inland 
across the mapped areas of seawater intrusion (Gottschalk et al. 2018).  The AEM data were calibrated 
using electrical well logs and used to refine the previous hydrostratigraphic models developed using 
borehole data and the North Marina Groundwater Model, and to assess the extent of saline and low-
TDS groundwater in the aquifer system.  The data were made available in a three-dimensional geologic 
data visualization package called leapfrog© that is extensively used in the petroleum and mining 
industries.  Figure 3-21 and Figure 3-22 present hydrostratigraphic and water quality cross sections of 
the data across the MGSA Area and vicinity, and Figure 3-23 presents an oblique block section of the 
area and a conceptual model drawing taken from the seawater intrusion literature that illustrates the 
Ghyben-Herzberg relationship of saline-freshwater interfaces.  The lithologic and conductivity 
interpretations were developed as discussed in Gottschalk et al. (2018), and the lithologic interpretation 
presented in the cross sections is based on interpretation of boring logs and modified using the AEM 
data (Gottschalk’s “Model A”).  Our findings are summarized below in light of the data presented in the 
previous sections.  

The three-dimensional view of the hydrostratigraphy in the MGSA Area indicates that is more complex 
than has been previously conceptualized.  This is not unexpected given the number of additional data 
points derived using a geophysical approach.  The AEM profiles show the Dune Sand Aquifer extends 
westward beneath the older and recent dune deposits south and west of the Salinas River, which have 
been recognized as an area with high recharge rates.  The Dune Sand Aquifer lies on top of the Salinas 
Valley Aquitard, which thins and pinches out toward the west.  Beneath the MGSA Area, the Dune Sand 
Aquifer is in direct hydraulic communication with the underlying 180-Foot Aquifer because the Salinas 
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Valley Aquitard is not present.  The 180-Foot Aquifer is shown as a series of tabular and lenticular 
bodies, and consists of an upper and a lower member that are partially separated by discontinuous clay 
layers.  The 180/400-Foot Aquitard is discontinuous and notably absent beneath a portion of the MGSA 
Area and in a large area located just east of the MGSA Area.  This occurs in the vicinity of an area where 
the aquitard was previously judged to be thin or absent by MCWRA (see Figure 3-20).  The 400-Foot 
Aquitard is uneven, and the Deep Aquifer occurs at some locations as shallow as depths of 
approximately 650 feet below the ground surface.  

The water quality data show a prominent saline groundwater wedge (> 10,000 mg/L TDS) which dives 
downward from the coast through the Dune Sand and 180-Foot Aquifers, and extends downward into 
the 400-Foot Aquifer through a large gap in the 180/400 Foot Aquitard.  This saline groundwater wedge 
is juxtaposed against a zone of lower TDS groundwater (< 3,000 mg/L TDS) that has developed as a 
result of freshwater recharge through the high permeability dune sand deposits that occur between the 
MGSA Area and the Salinas River.  This low TDS zone extends downward into the 180-Foot Aquifer east 
of the MGSA Area.  

The saline groundwater wedge and low TDS zone have the geometry of a typical seawater intrusion 
interface as first characterized by Ghyben and Herzberg, after whom this relationship is named (Ghyben 
1889, Herzberg 1901).  Seawater interfaces in coastal aquifers have been extensively characterized, and 
follow what has been termed the Ghyben-Herzberg model, which is illustrated in Figure 3-23.  Under 
equilibrium conditions, the ratio between the depth to the interface below sea level to the height of the 
water table above sea level remains constant and is proportional to the difference in density between 
the overlying low TDS native aquifer groundwater and the underlying seawater.  This ratio often 
approximates 40:1, but is dependent on the actual salinity and density contrast.  Groundwater flow is 
seaward in the overlying low TDS zone and discharges to the ocean, and flow is landward in the 
intruding saline groundwater wedge.  At the saline/low-TDS groundwater interface, the saline 
groundwater circulates and mixes with the over-riding low TDS groundwater and flows back along the 
interface to discharge at the ocean (Cooper et al., 1964).  This pattern is consistent with the water 
quality distribution interpreted from the AEM data and the water elevation data discussed in Sections 
3.1.12 and 3.3.7.  Although this equilibrium may have been somewhat disturbed at the MGSA Area by 
pumping of CEMEX well and the test slant well, and by recharge of saline water in the CEMEX ponds, the 
geometry of a saline groundwater wedge dipping beneath an over-riding low-TDS zone is clearly 
identifiable and consistent with the Ghyben-Herzberg model. 

3.1.13 IDENTIFICATION OF DATA GAPS  
Regulation Requirements: 
§354.14(b)(5) Identification of data gaps and uncertainty within the hydrogeologic conceptual model. 

 
The following data gaps and uncertainties have been identified in the hydrogeologic conceptual model 
for the MGSA Area: 
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• The period of record for monitoring groundwater elevations and water quality in and near the 
MGSA Area is limited to 2015 to present, with few exceptions.  As such, potential current and 
historical trends in groundwater elevations and flow, low-TDS groundwater distribution and 
saline groundwater distribution, are not well understood.  Similarly, because monitoring started 
shortly before a long-term pumping test that was initiated during a historic drought, the effects 
of pumping and climatic stress on the groundwater system are not well understood.  With the 
exception of the test slant well pumping test, which was conducted from April 2015 to February 
2018, the CEMEX well has been the only groundwater development in the MGSA Area since the 
1960s.  In this GSP, it is therefore assumed that current and historical groundwater conditions as 
well as the spatial groundwater quality distribution (i.e., extent of seawater intrusion) are 
generally similar; however, the data to demonstrate this conclusively are not available.  MCWRA 
is planning to add five new monitoring well clusters with wells completed in the Dune Sand 
Aquifer, 180-Foot Aquifer, and 400-Foot Aquifer (Feeney and Zidar 2019).  The Mitigation 
Monitoring and Reporting Program (MMRP) for the proposed MPWSP includes monitoring of 
these wells, the existing MPWSP monitoring wells, and a number of other existing wells in the 
vicinity by MCWRA.  During preparation of its GSP for the Monterey Subbasin (due 2022), 
MCWD GSA plans to assess the adequacy of this monitoring network.  MGSA will review the 
results of this analysis and update the monitoring networks for this GSP as needed to maintain a 
consistent monitoring approach across GSPs. 

• Little information is available regarding the nature and hydraulic properties of the Deep Aquifer 
system, which includes multiple aquifer units spanning a vertical interval of approximately 1,300 
feet.  Specifically, the interconnection between the disparate aquifer units in this system, how 
they are recharged, and the extent of potential leakance from the overlying upper aquifer 
system are not well understood.  Groundwater flow patterns within the Deep Aquifer are not 
well characterized.  The competence of the system of aquitards overlying the Deep Aquifer is of 
particular concern, as is the aquifer’s potential connection to seawater offshore in Monterey 
Canyon.  MCWRA, SVBGSA and MCWD GSA are discussing plans to further investigate the Deep 
Aquifer system.  Although no investigations have been scheduled at this time, there is consensus 
that better characterization of the Deep Aquifer system is needed early during the GSP 
implementation process.  MGSA will review the results of this investigation and refine the 
approach to management of the Deep Aquifer consistent with the pertinent findings.  

• The available data suggest that the vicinity of the MGSA Area has not experienced significant 
subsidence.  However, the data are insufficient to assess the potential vulnerability of this area 
to future subsidence if groundwater extractions are increased.  MGSA will work with SVBGSA to 
address this data gap during GSP implementation.   

• While projected groundwater elevations in the Dune Sand Aquifer are less than 20 feet below 
the thalweg in the lower reach of the Salinas River, which suggests the river and aquifer may be 
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hydraulically interconnected, the nature and degree of the interconnection is not known.  
SVBGSA is planning to conduct an evaluation of surface water – groundwater interaction, which 
would include the use of existing shallow wells near the river, and installation of new monitoring 
wells at up to two locations.  After SVBGSA’s well construction and data analysis has been 
conducted, the need for additional information regarding surface water – groundwater 
interaction will be evaluated by MGSA. 

• The response and susceptibility of GDEs to groundwater elevation declines varies depending on 
local hydrology, soil conditions, the plant species involved and other factors.  A correlation 
between groundwater elevations and GDE stress or habitat quality has not been established. 

• The nested monitoring wells installed in and near the MGSA Area for the potential MPWSP have 
relatively long screen intervals: screen lengths in the Dune Sand Aquifer average 36 feet, screen 
lengths in the 180-Foot Aquifer average 110 feet, and screen lengths in the 400-Foot Aquifer 
average 59 feet.  While this provides useful aggregate data, depth discreet measurements may 
be needed to better understand the vertical distribution of lower TDS groundwater in the 
shallow portions of the 180-Foot Aquifer at and near the MGSA Area.  Depth discrete data could 
be collected either with the installation of new monitoring wells with shorter screen intervals, 
using passive diffusion bags, induction logs, or other sampling techniques on existing monitoring 
wells.  

• The AEM geophysical surveys provided a snapshot in time of subsurface conditions.  Additional 
geophysical surveys may be needed to evaluate changes in the saltwater wedge over time in the 
vicinity of the MGSA Area. 

• The USGS SVIHM model is being developed, in part, to assist with establishing water budgets for 
areas within the 180/400 Foot Subbasin.  The calibrated model report has not been released to 
date.  Once the SVIHM model is published, the model output will be used to update the current 
and projected regional water budgets by the SVBGSA.  Because MGSA has adopted the SVBGSA 
water budgets for the MGSA GSP, the SVIHM model will also be used to update the MGSA GSP 
water budgets.   

• A groundwater model that can simulate solute transport and density-driven flow, and that 
incorporates the heterogeneity of the aquifer system in the Marina area is not available at this 
time.  As such, the potential impacts of significant and prolonged pumping, such as for the 
proposed MPWSP, on the local water budget, water quality and seawater intrusion cannot be 
adequately evaluated.  Before substantial groundwater extraction is implemented in the MGSA 
Area, there would be a need for a locally refined groundwater flow model that is able to 
simulate solute transport and density-driven flow, and for additional targeted investigation for 
data gaps.  MCWD GSA is currently planning to conduct such studies for the area that includes 
their GSA boundaries and the surrounding region, including the MGSA Area and beyond.  MGSA 
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will collaborate with and review these studies, and update the HCM, sustainable management 
criteria, monitoring networks and management actions in this GSP to assure the sustainability 
goals are met.   

3.2 CURRENT AND HISTORICAL GROUNDWATER CONDITIONS  
Regulation Requirements: 
§354.16 Each Plan shall provide a description of current and historical groundwater conditions in the basin, including data 

from January 1, 2015, to current conditions, based on the best available information that includes the following: 
 
This section describes current and historical groundwater conditions in the MGSA Area and the broader 
180/400 Foot Aquifer Subbasin.  In accordance with the SGMA regulations (23 CCR § 354.16), current 
conditions are representative conditions occurring after January 1, 2015.  By implication, historical 
conditions are any conditions occurring prior to January 1, 2015.  This chapter focuses on summarizing 
information required by the SGMA regulations, and that provides the necessary context for developing 
an effective GSP.  Little data are available in the MGSA Area and its vicinity prior to 2015; however, as 
discussed in Section 3.1.13, it is reasonable to assume that historical conditions prior to this time were 
similar to current conditions.  Therefore, the data discussed in this Section is assumed to represent both 
historical and current conditions.  Data from prior to 2015 are discussed to the extent available.   

3.2.1 GROUNDWATER LEVEL DATA  
Regulation Requirements: 
§354.16(a) Groundwater elevation data demonstrating flow directions, lateral and vertical gradients, and regional pumping 

patterns, including: 
1. Groundwater elevation contour maps depicting the groundwater table or potentiometric surface associated with the 

current seasonal high and seasonal low for each principal aquifer within the basin. 
2. Hydrographs depicting long-term groundwater elevations, historical highs and lows, and hydraulic gradients between 

principal aquifers. 
 
Groundwater elevations in the Salinas Valley are highly dependent on two sources of climatic variability: 

• Annual variation between wet season and dry season that is reinforced and amplified by 
agricultural irrigation; and 

• Wet and dry climatic cycles, characterized by multi-year drought and wet cycles, with a 
complete cycle often lasting a decade or more. 

3.2.1.1 DATA SOURCES 

Groundwater elevation data have been collected by the MCWRA on a regional scale since 1944; 
however, until the installation of monitoring wells to support the MPWSP slant well pumping test in 
2015, very little water elevation data is available in the vicinity of the MGSA Area.   

The MCWRA regularly collects groundwater elevation measurements from 166 locations in the 180/400 
Foot Aquifer Subbasin for various monitoring programs (Section 2.2.1.1).  The groundwater elevation 
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data are primarily from privately-owned wells and are subject to confidentiality agreements between 
the well owners and MCWRA.  Only one well currently monitored by MCWRA is located southwest of 
the Salinas River within about 2 miles of the MGSA Area, and data from this well is publicly available 
through other programs.  Therefore, confidential MCWRA data are considered in this GSP only in the 
assessment of regional groundwater elevations and flow direction and are not individually mapped or 
reported.   

MCWRA collects groundwater elevation data at specific times of the year to understand seasonal 
changes and monitor longer term trends in specific areas.  Some of the wells actively monitored for 
water elevations are equipped with pressure transducers that take automated measurements hourly.  
Other wells are measured monthly or annually during each fall season to inform the regional 
measurement program, and/or annually in August to assess maximum drawdown to assess conditions at 
the end of the irrigation season in the area north and east of Salinas where the greatest drawdowns 
have occurred (MCWRA 2018a).  The fall monitoring program is implemented from mid-November to 
mid-December.  MCWRA conducts their fall measurement program to observe groundwater elevations 
after the irrigation season ends but before the rainy season begins (Brown and Caldwell 2015), and is 
believed to provide the most representative year-to-year regional comparison because groundwater 
elevations have recovered somewhat from the height of irrigation pumping, and are generally not yet 
greatly influenced by near-term recharge events during the rainy season.  

MCWRA recently became the primary local Monitoring Entity for the Salinas Valley Basin under the 
California Statewide Groundwater Elevation Monitoring Program (CASGEM).  Created by the state in 
2009, CASGEM is a statewide program to collect groundwater elevations and make the data accessible 
to the public to support groundwater resource management.  In the 180/400 Foot Aquifer Subbasin, 23 
wells are monitored under the CASGEM program.  Wells were selected for the CASGEM program based 
on their distribution throughout the basin, the availability of detailed and reliable well construction 
data, and access considerations (MCWRA 2015).  Fifteen wells are equipped with transducers that 
record groundwater elevations hourly; 8 others are monitored manually on a monthly basis (MCWRA 
2015).  The average period of record for these wells is 10 years.  The earliest groundwater elevations 
were recorded in 2003.  One CASGEM well is located within 2 miles of the MGSA Area as shown on 
Figure 2-12. 

The primary monitoring well network of interest for evaluation of historical groundwater elevation data 
near the MGSA Area includes 24 monitoring wells installed to assess the effects of test slant well 
pumping for the proposed MPWSP.  These wells were installed in eight multi-depth clusters of three 
wells each completed in the Dune Sand Aquifer, 180-Foot Aquifer, and 400-Foot Aquifer.  The locations 
of these well clusters are shown on Figure 3-24, and additional details regarding the wells are discussed 
in Section 5.2.1 and summarized in Table 5-1.  These wells were constructed in 2015 and 2016, and 
include three clusters within the MGSA Area (wells MW-1, MW-3, and MW-4), and five clusters that are 
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about ½ mile to 4 miles from the MGSA Area boundary.  Water elevation data are collected using 
transducers and hand measurements, and are documented in monthly reports. 

The nearest long-term water elevation data collection programs in this area prior to 2015 are associated 
with the compliance monitoring program associated with the Monterey Peninsula Class III landfill (about 
2 miles east of the MGSA Area),  the site cleanup program for Fort Ord Operable Unit (OU)-1 Off-Site 
Plume (about 1.5 to 2.5 miles to the southeast of MGSA), and the cleanup program for the Fort Ord 
Carbon Tetrachloride Plume (OUCTP) (about 1 to 1.5 miles southeast of the MGSA).  The locations of 
these wells are shown on Figure 3-25.  As discussed below, the shallow monitoring wells associated with 
these programs appear to be completed in locally distinct shallow aquifer areas within the footprint of 
the Dune Sand Aquifer, but data from the wells was considered in the assessment of groundwater 
elevation and flow conditions.  A few wells associated with the Fort Ord OU-1 Off-Site Plume were 
apparently completed in the 180-Foot Aquifer; however, these wells were destroyed in 2011.  
Monitoring of the remaining Fort Ord wells was discontinued in 2014 and 2015.  The Fort Ord OUCPT 
wells continue to be monitored, and several are completed in the 180-Foot Equivalent Aquifer. 

3.2.1.2 GROUNDWATER ELEVATION CONTOURS AND HORIZONTAL GROUNDWATER GRADIENTS 

To assess groundwater elevation contours, regional contour maps prepared by MCWRA for 2015 and 
2017 were reviewed, and local conditions were assessed by preparing several groundwater elevation 
maps for the MGSA Area and its vicinity.  For the MGSA Area, groundwater elevation maps were 
developed using data from local groundwater monitoring wells during times when data were available.  
Water elevation maps were prepared for three periods: 

• Prior to test pumping of the test slant well to document conditions at the end of the period 
when only the CEMEX well was being pumped in the MGSA Area (March 20, 2015); 

• During the period of test pumping of the test slant well (March 12, 2017); and 

• After the cessation of test slant well pumping, during a period with no pumping except by the 
CEMEX well (April 2, 2018). 

Groundwater elevation maps were prepared for each of the three monitored zones on each of these 
three dates for a total of nine water elevation maps: 

• Dune Sand Aquifer (Figure 3-25, Figure 3-26, and Figure 3-27); 

• 180-Foot Aquifer (Figure 3-28, Figure 3-29, and Figure 3-30); and 

• 400-Foot Aquifer (Figure 3-31, Figure 3-32, and Figure 3-33). 

REGIONAL GROUNDWATER LEVELS AND GRADIENTS 

Regionally, MCWRA publishes groundwater elevation contour maps for the Salinas Valley Groundwater 
Basin in odd-numbered years using data from the fall measurement programs.  In the 180/400 Foot 
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Aquifer Subbasin, MCWRA produces separate contour maps for the 180-Foot and 400-Foot Aquifers.  
The maps extend from Chualar to the mouth of the Salinas River and include both the East Side Aquifer 
Subbasin and the 180/400-Foot Aquifer Subbasin.  Contour maps cover 1994 through 2017 (after 1994 
the maps were published in odd numbered years).  Proximal to the MGSA Area, depending on the year, 
the closest contours for the 180-Foot Aquifer are typically drawn 1 to 2 miles from the northeastern 
edge of the MGSA Area, and the closest 400-Foot Aquifer contours are typically drawn within 2,000 feet 
of the MGSA Area.  The contour intervals are generally about 10 feet, and provide a regional 
understanding of groundwater flow in the area.  For confidentiality reasons, the maps do not plot the 
wells or groundwater elevation data used to construct the contours.  The 1994, 2007, 2015, and 2017 
contour maps are included in Appendix 3.A.    

The primary feature documented in both the 180-Foot/Shallow East Side Aquifers and 400-Foot/Deep 
East Side Aquifer maps is a groundwater depression located north of Salinas with groundwater 
elevations generally -80 to -120 feet msl.  Groundwater elevations are generally below sea level for most 
of the area covered by the maps extending back to 1994.  East of the MGSA Area groundwater 
elevations are generally interpreted to be -10 to -20 feet msl with some years as low as -30 feet msl (for 
example 2007).  The 2017 contour map for the 180-Foot Aquifer indicates an inland flow direction over 
a broad region surrounding the MGSA Area with a gradient of 0.0014.  A similar flow pattern is 
interpreted for the 400-Foot Aquifer, with a gradient of 0.0013.  These groundwater flow data are 
based on widely spaced wells, and should be considered generalizations for the MGSA Area.  

Insufficient data currently exist to map flow directions and groundwater elevations in the Deep Aquifer, 
and MCWRA does not produce groundwater elevation maps of the Deep Aquifer.  

LOCAL DUNE SAND AQUIFER GROUNDWATER LEVELS AND GRADIENTS 

For the Dune Sand Aquifer, the March 20, 2015 groundwater elevation contour map includes data for 
the individual MPWSP wells installed prior to that time (MW-1S, MW-3S, MW-4S and MW-5S), 
monitoring wells at the Monterey Peninsula Class III Landfill (“Minus 2-Foot Aquifer”) about 2 miles east 
of the MGSA Area, and monitoring wells for the Fort Ord OU-1 Off-Site Plume (“A-Aquifer”) southeast of 
the MGSA Area.  Based on the groundwater elevation data, the Fort Ord A-Aquifer monitoring wells 
appear to be completed in a local perched aquifer with groundwater elevations that are about 30 to 40 
feet higher than groundwater elevations in the surrounding area.  At the landfill, groundwater 
elevations in the landfill area may be affected by multiple perched layers, the drainage control systems 
for landfill hydraulic containment, and other factors (RMC Geoscience, Inc., 2019), and are lower than 
expected.  Groundwater flow direction and gradient are influenced by the Salinas River and by pumping 
from the landfill water supply wells.  Groundwater flow is also locally influenced by surface water 
recharge associated with the storm water percolation pond, the relatively poor drainage conditions 
south of the landfill whereby water is routed around the landfill in unlined surface channels, and by 
pumping from the site water supply wells (RMC Geoscience, Inc. 2019). 
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Due to the sparsity of datapoints to extrapolate groundwater elevations in the Dune Sand Aquifer on 
this date, the available data were posted, but were not contoured.  For the remaining Dune Sand 
Aquifer groundwater elevation contour maps (March 12, 2017 and April 2, 2018), it was found that 
groundwater elevations measured in well MW-5S differed from the surrounding wells and may be 
representative of a local perched zone.  Well MW-9S is located north of the Salinas River.  Groundwater 
elevations in this well are generally consistent with what would be expected based on the other wells to 
the south of the river; however, to avoid conjecture about the effect of river seepage on groundwater 
elevations in this area, the contours were terminated south of the river.  Finally, well MW-6S is located 
approximately 3.5 to 4 miles southeast of the MGSA Area next to the Salinas River.  The pronounced 
difference between the March 2017 and March 2018 groundwater elevations in this well suggest it may 
be affected by river stage.  In addition, it is located a considerable distance from the MGSA Area.  For 
these reasons, only water elevation data for MW-1S, MW-3S, MW-4S, MW-7S, and MW-8S were 
contoured.   

The direction of groundwater movement in the Dune Sand Aquifer was toward the ocean to the west-
northwest in March 2017 with a gradient of about 0.0005, and toward the ocean to the northwest with 
a gradient of about 0.0006 in April 2018 (Figure 3-25 through Figure 3-27).  Near the coast in wells MW-
1S and MW-3S, groundwater elevations increased by approximately 7 feet and 1 foot, respectively 
between March 2017 and April 2018.  This may indicate the re-establishment of a seepage face at the 
shoreline after the cessation of the test slant well pumping program.   

LOCAL 180-FOOT AQUIFER GROUNDWATER LEVELS AND GRADIENTS 

For the 180-Foot Aquifer, the March 20, 2015 map includes groundwater elevation data for MPWSP 
wells MW-1M. MW-3M, MW-4M and MW-5M, only.  Wells MW-6M, MW-7M, MW-8M, and MW-9M 
had not yet been installed in March 2015.  Due to the sparsity of data, groundwater elevations were not 
contoured.  For the remaining maps (March 12, 2017 and April 2, 2018), groundwater elevation data for 
wells MW-1M, MW-3M, MW-4M, MW-5M, MW-7M, MW-8M, MW-9M were contoured.  Well MW-6M 
is located a considerable distance from the MGSA Area with no intervening wells; therefore, data for 
these wells were posted but were not considered in contouring.   

The direction of groundwater movement in the 180-Foot Aquifer was landward in March 2017 with an 
apparent groundwater divide (mound) beneath the agricultural land east of the MGSA.  Groundwater 
gradients were northeast and southeast away from the divide.  The March 2017 gradient near the MGSA 
Area was about 0.0006.  In April 2018, an apparent mound was again observed east of the MGSA area, 
but its southeastern flank was not resolved by the data.  The gradient was about 0.0009 in in a landward 
direction in the vicinity of the MGSA Area (Figure 3-28 through Figure 3-30). 

Please note that proposed SVBGSA Priority Management Actions and Preferred Projects include in lieu 
recharge and direct recharge projects with expected benefits including “arresting the decline, or raising, 
groundwater elevations” (SVBGSA 2019).  For the 180-Foot Aquifer, SVBGSA has estimated a 
groundwater elevation rise of about 3.5 feet in the vicinity of the Salinas River and 2 feet in the vicinity 
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of the MGSA as a result of implementing the projects and management actions in their GSP (SVBGSA 
20219).  Raising groundwater elevations could change groundwater flow gradients, and potentially flow 
directions in the 180-Foot Aquifer. 

LOCAL 400-FOOT AQUIFER GROUNDWATER LEVELS AND GRADIENTS 

For the 400-Foot Aquifer, the March 20, 2015 groundwater elevation map includes data for MPWSP 
wells MW-1D. MW-3D, MW-4D and MW-5D, and State well 14S02E08M002M (located near Neponset, 
where Highway 1 crosses the Salinas River).  Wells MW-6M(L), MW-7D, MW-8D and MW-9D had not yet 
been installed in March 2015.  Due to the sparsity of data, groundwater elevations were not contoured.  
For the remaining maps (March 12, 2017 and April 2, 2018), groundwater elevation data for wells MW-
1D, MW-3D, MW-4D, MW-5D, MW-7D, MW-8D, MW-9D were contoured.  Well MW-6M(L) is located a 
considerable distance from the MGSA Area with no intervening wells and was determined to be within 
the lower 180-Foot Aquifer, rather than the 400-Foot Aquifer (HWG 2017).  In addition, groundwater 
elevations in State well 14S02E08M002M were different than expected based on the surrounding wells, 
suggesting it is reflective of different hydrostratigraphic intervals than the MPWSP monitoring wells.  For 
these reasons, data for these two wells (MW-6M(L) and State well 14S02E08M002M were posted but 
were not considered in contouring.  For March 2017 and April 2018, the direction of groundwater flow 
was landward.  The gradient was east with a magnitude of approximately 0.0008 in March 2017, and 
east-southeast with a magnitude of 0.0006 in April 2018.  A slight groundwater mound was present 
beneath the agricultural land east of the MGSA Area (Figure 3-31 through Figure 3-33).  

As noted above, proposed SVBGSA Priority Management Actions and Preferred Projects include in lieu 
recharge and direct recharge projects with expected benefits including “arresting the decline, or raising, 
groundwater elevations” (SVBGSA 2019).  For the 400-Foot Aquifer the SVBGSA has estimated a 
groundwater elevation rise of about 3.5 feet in the vicinity of the Salinas River and 3 feet in the vicinity 
of MGSA as a result of implementing the projects and management actions in their GSP (SVBGSA 2019).  
Raising groundwater elevations could change groundwater flow gradients, and potentially flow 
directions in the 400-Foot Aquifer. 

3.2.1.3  AQUIFER HYDROGRAPHS 

Representative temporal trends in groundwater elevations can be assessed with hydrographs – graphs 
that plot changes in groundwater elevations in a well over time.  Groundwater-elevation data from wells 
within the Subbasin are available from monitoring conducted and reported by MCWRA and in many 
cases span a period of decades.  Hydrographs for the eight MPWSP monitoring wells are available from 
monitoring reports published for that project.  The MPWSP well hydrographs cover the period from 
early 2015, prior to initiation of test slant well pumping, to the present.   

REGIONAL HYDROGRAPHS 

MCWRA measures water elevations at more than 90 wells on a monthly basis throughout the Salinas 
Valley to monitor seasonal groundwater elevation fluctuations.  Data from approximately 50 of these 
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wells are compiled in MCWRA quarterly reports (included in MCWRA 2015, 2016, 2017, 2018).  The 
water elevation measurements are categorized by hydrologic subarea, averaged, and graphed (average 
hydrographs) to compare current water elevations with selected past conditions.  Hydrographs for 
individual subareas (such as the 180-Foot Pressure and the 400-Foot Pressure subareas) are prepared 
showing the current year’s water elevation conditions, the previous year’s conditions, and reference 
dry conditions.  Beginning in 1985, MCWRA produced composite hydrographs showing 
groundwater elevations for five wells in the 180-Foot Aquifer and 11 wells in the 400-Foot 
Aquifer to provide perspectives general seasonal and inter-annual groundwater elevation trends.  
The MCWRA annual reports for 2015 through 2017 compared these composite hydrographs to 
monthly averages for 1985, and the 2018 annual report included a comparison to monthly averages 
over 30 years (WY1987-WY2017).  A summary table is provided below.   

TABLE 3-2.  COMPOSITE HYDROGRAPHS SUMMARY FOR THE PRESSURE 180-FOOT AND 400-FOOT AQUIFERS 

Area Water 
Year 

September 
Average 
Depth to 

Water  
(feet) 

September 
Average 

Groundwater 
Elevation*  
(feet msl) 

One-Year 
Average 
Change 
(feet) 

Change 
from WY 

1985 
(feet) 

Difference 
from  

30 Year 
Average* 

(feet) 

1 Month 
Change 
(feet) 

Pressure 
180-Foot 
Aquifer 

2015 69 NA down 7 down 18 NA up 1 

2016 68 NA no 
change down 17 NA up 1 

2017 58 NA up 11 down 6 NA up 1 

2018 NA 5 up <1 NA down 1 up 4 

Pressure 
400-Foot 
Aquifer 

2015 59 NA down 4 down 2 NA up 2 

2016 57 NA up 1 down 1 NA up 2 

2017 49 NA up 8 up 7 NA up 3 

2018 NA -9 down 1 NA up 4 up 3 

 

Compared to 30-year averages, September 2018 groundwater elevations in the 400-Foot Aquifer were 
4 feet higher, and the September 2018 groundwater elevations in the 180-Foot Aquifer were less than 1 
foot lower, indicating average stable to somewhat recovering conditions.  The composite hydrographs 
are included in Appendix 3.B.   
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Hydrographs for eight individual wells in the 180/400 Foot Aquifer Subbasin monitored by MCWRA 
within approximately 7 miles of the MGSA Area that are not limited by confidentiality agreements are 
included in Appendix 3.C.  The hydrographs provide information on specific wells in the northern 
180/400 Foot Aquifer Subbasin and provide subregional information about groundwater elevation 
trends surrounding the MGSA Area.  The locations of these wells are shown in the Appendix.  A 
summary of the individual well hydrographs is provided in Table 3-3. 

TABLE 3-3.  SUMMARY OF WELL HYDROGRAPHS IN THE NORTHERN 180/400 FOOT AQUIFER SUBBASIN 

Well Period of 
Record Aquifer 

Difference 
between Lowest 

and Highest 
Elevation  

(feet) 

General Water Level Trend 

13S/02E-21Q01 2004 to present 180-Foot 4 stable 
14S/02E-03F04 2004 to present 180-Foot 21 declining since 2006 
14S/02E-04G02 2000 to present 400-Foot 28 stable to slightly declining 
14S/02E09D04 1999 to present 400-Foot 16 stable to slightly declining 
14S/02E-15A01 1983 to present 400-Foot 68 declining since 1999 
14S/02E-17B03 1999 to present 400-Foot 14 stable 
14S/02E-22L01 1993 to present 400-Foot 44 declining since 1999 
14S/02E-26H01 2004 to present 180-Foot 44 declining since 2006 

 

Based on the data presented in Appendix 3.C, groundwater elevations in six of eight MCWRA wells 
within 7 miles of MGSA Area are generally declining over the period of record.   

For the Deep Aquifer, MCWRA currently monitors groundwater elevations at 13 locations with varying 
frequency.  Five of the groundwater elevation data collection points are monitoring wells equipped with 
continuously‐recording pressure transducers, and the remaining eight groundwater elevation data 
collection points are production wells manually monitored on either a monthly (seven wells) or annual 
(one well) basis.  MCWRA analysis of average Deep Aquifer groundwater elevation changes in a subset 
of wells near the coast indicates that average groundwater elevations generally declined and fell below 
sea level until the Castroville Seawater Intrusion Project (CSIP) began operations in 1998.  Following 
startup of the CSIP, average groundwater elevations rapidly increased and rose above sea level, then 
leveled off until approximately 2006.  After 2006, average groundwater elevations began to decline once 
again and are currently below sea level (Figure 3-34).   
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LOCAL HYDROGRAPHS IN AND NEAR THE MGSA AREA 

Appendix 3.D provides copies of the groundwater elevation hydrographs and specific conductance plots 
for the 24 monitoring wells constructed for the proposed MPWSP.  The hydrograph plots group the 
shallow, middle, and deep wells in each cluster, providing both time-series and vertical gradient 
information from February 2015 through May 2019.  The shallow wells are generally designated Dune 
Sand Aquifer wells, the middle wells are generally 180-Foot Aquifer wells, and the deep wells are 
generally 400-Foot Aquifer wells.  Well hydrographs are provided for wells MW-1, MW-3, and MW-4 
within the MGSA Area, and wells MW-5, MW-6, MW-7, MW-8, and MW-9 located to the east. 

Conclusions from review of the hydrographs are provided below: 

• Well MW-5S is located at a higher elevation and displays groundwater elevations that are 
substantially higher than other wells in the surrounding area.  This well appears to be associated 
with a perched aquifer within the footprint of the Dune Sand Aquifer.   

• There is little difference in the groundwater elevations for wells MW-6M and MW-6D.  The 
designation for the latter was changed to well MW-6M(L) in recent MPWSP reports, recognition 
of the fact that it is completed in the lower 180-Foot Aquifer.  

• In well clusters MW-7, MW-8 and MW-9, there is less separation between the hydrographs for 
the middle (M) lower (D) wells than in well clusters MW-1, MW-3, and MW-4, indicating the 
180/400-Foot Aquitard may be less competent or absent in this area, as also documented by the 
AEM surveys in this area (Section 3.1.12).   

• In well clusters MW-1 and MW-3, there is less separation between the shallow (S) and middle 
(M) hydrographs than in well located further east, reflecting the previously documented lack of 
the SVA in this area.   

• In wells MW-6S, MW-8S, and MW-9S there is a groundwater elevation spike in late 2016 and 
early 2017, with the biggest rise observed at MW-6S (from about 7 feet msl to 17 feet msl).  This 
rise in groundwater elevations occurs at about the same time as a significant stage height 
increase in Salinas River measured at the USGS Spreckels gaging station (#11152500) from less 
than 2 feet to 20 feet (web site https://waterdata.usgs.gov/ca/nwis/uv?site_no=11152500).  
These three wells, especially MW-6S, appear to respond to changes in the stage height of the 
Salinas River.  This indicates that, at least during major rainfall events, the Salinas River is a 
losing river at MW-6, MW-8 and MW-9 which recharges the shallow aquifer.  The immediacy of 
the response suggests a surface-groundwater interconnection. 

• There is a cyclical pattern of high groundwater elevations in the winter/spring and low 
elevations in the summer/fall.  Differences between seasonal high (spring) and low 
(summer/fall) groundwater elevations vary by completion interval and generally increase in 
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amplitude with depth.  The average amplitude of the seasonal groundwater elevation 
fluctuation is approximately 0 to 4 feet in the Dune Sand Aquifer, 1.5 to 10 feet in the 180-Foot 
Aquifer, and 10 to 24 feet in the 400-Foot Aquifer.  These seasonal changes are consistent with 
regional temporal recharge and pumping patterns.    

• To further assess the seasonal and inter-annual variability in groundwater levels related to 
different water year types, groundwater level data from spring and fall 2017 and spring and fall 
2018 were compared.  The 2017 data represent a wet year (23.0 inches of precipitation 
compared to the long-term average of 16.9 inches) during pumping of the test slant well, and 
2018 data represent a dry year (12.6 inches of precipitation) after shut down of the slant test 
well pumping in February 2018.  Summer/fall groundwater level declines were within the 
general ranges noted above for both years.  In some cases, seasonal groundwater level declines 
were greater in 2017 than in 2018, but average declines were within were within 1 foot of each 
other.  Spatially, for the 180- and 400-Foot Aquifers, average groundwater level declines were 
approximately 5 to 6 feet greater in the more easterly wells (MW-5, 6 and 9) than in wells 
further to the west (MW-4, 7 and 8), leading to greater landward gradients in the summer/fall in 
these aquifers than in the spring.  The interpreted groundwater flow directions for the 180-Foot 
and 400-Foot Aquifers in the fall of 2017 and 2018 were generally consistent with the spring 
2017 and 2018 flow directions discussed in Section 3.3.1.2.  In the Dune Sand Aquifer, a 
consistent pattern in the spatial differences between spring and summer/fall groundwater levels 
was not evident during either year, and interpreted groundwater flow directions were 
consistently seaward.   

• Groundwater elevations noticeably declined in the Dune Sand Aquifer and 180-Foot Aquifer 
near the test slant well in the MGSA Area during the pumping test between April 2015 and 
February 2018.  Groundwater elevations declined by approximately 8 feet in MW-1S and MW-
1M, and by 3 feet in MW-3S and MW-3M, but recovered after the long-term test was 
discontinued in February 2018 and have remained relatively stable since then.  For the 
remaining monitoring wells (1,920 to 21,500 feet from the test slant well) pumping-related 
drawdown was too gradual to be readily distinguishable; however, groundwater elevations in 
most of these wells appeared to show a relatively abrupt recovery (or rebound) when long-term 
pumping was temporarily discontinued in March of 2016 and at the end of the long-term test 
pumping in April 2018, indicating these wells were subject to drawdown related to the test.  
Recovery in all of the 180-Foot Aquifer and 400-Foot Aquifer monitoring wells was abrupt and 
distinct, and ranges from approximately 2 to 5 feet in the 400-Foot Aquifer, and 1 to 4 feet in 
the 180-Foot Aquifer.  This observation is consistent with a hydraulic connection between the 
180-Foot and 400-Foot Aquifer systems and lower storativities in the 400-Foot Aquifer system 
compared to the 180-Foot Aquifer system.  Recovery in the six Dune Sand Aquifer wells located 
east of the MGSA Area was generally more muted and approximately 1.5 feet or less.  An abrupt 
response was observed in two wells during the first recovery event (MW- 8S and MW-9S), a 
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muted/slight response was observed in one monitoring well during both recovery events (MW-
4S) and one monitoring well during the first recovery event (MW-6S), and no response was 
observed in to monitoring wells (MW-6 and MW-7).  Although these muted responses are more 
difficult to distinguish from recovery related to other causes, such as recharge events or the 
cessation of other pumping, their observed correlation with the cessation of pumping at the test 
slant well and responses in deeper aquifers is a strong indicator the Dune Sand Aquifer is 
hydraulically influenced by the underlying aquifer system and was affected by pumping the test 
slant well.  This is consistent with modeling for the proposed MPWSP, which indicates pumping 
from the Dune Sand and 180-Foot Aquifers to supply water for the project from the MGSA Area 
is expected to result in drawdown ranging from 1 to 5 feet in the Dune Sand Aquifer between 
the MPWSP and the Salinas River (ESA 2018).   

• Seasonal high groundwater elevations in some of the shallow monitoring wells in the 
agricultural areas east of the MGSA Area occur later than in deeper wells in the same cluster.  
For example, seasonal high groundwater elevations in well MW-7S occur approximately 80 to 
120 days later than in wells MW-7M and MW-7D.  A similar, less pronounced pattern is 
observed for well MW-8S.  This shift may be related to recharge from the deep percolation of 
irrigation water near these well locations.   

3.2.2 ESTIMATE OF GROUNDWATER STORAGE CHANGES 
Regulation Requirements: 
§354.16(b) A graph depicting estimates of the change in groundwater in storage, based on data, demonstrating the annual 

and cumulative change in the volume of groundwater in storage between seasonal high groundwater conditions, 
including the annual groundwater use and water year type. 

 
A graph depicting regional groundwater storage change in the 180/400 Foot Aquifer Subbasin presented 
in the SVBGSA’s regional GSP (SVBGSA 2020) is presented as Figure 3-35.  Although groundwater 
storage, as plotted on the figure, has shown both decreasing and increasing short term trends since the 
1940s, overall, Subbasin storage has displayed a decreasing trend.  During the recent drought between 
2012 and 2016, groundwater storage is estimated in SVBGSA’s graph to have decreased by 
approximately 54,000 AF, to a cumulative maximum depletion since 1940 of 115,000 AF.  In 2017, 
storage recovered by approximately 24,000 AF, indicating that, as had occurred on several past 
occasions during the period of record, that significant storage recovery is possible within a relatively 
short period of time.   

In the MGSA Area, groundwater elevation data are only available since 2015, and during the period for 
which data are available, a long-term pumping test of the test slant well for the potential MPWSP was 
conducted.  During this test, approximately 5,450 acre-feet (AF) of groundwater were extracted through 
September 21, 2017 from the DSA and 180-Foot Aquifer (HWG, 2017), consisting of saline groundwater 
originating beneath the Pacific Ocean outside the Subbasin boundaries, and a significant but unknown 
quantity of saline groundwater and low TDS groundwater from the landward side of the Dune Sand and 
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180-Foot Aquifers within the Subbasin.  With the exception of MW-5S, MW-5M and MW-5D, 
groundwater elevations for the area east of the MGSA are unavailable prior to the pumping test, so an 
estimate of saline and low-TDS groundwater storage reduction in this area as a result of test slant well 
pumping is not possible.  Since the cessation of test slant well pumping in February 2018, groundwater 
elevations in some of the monitoring wells east of the MGSA Area have increased slightly; whereas 
others have decreased, so no clear trends indicating long term storage recovery is evident.   

Gottschalk et al. (2018) estimated the amount of low-TDS groundwater (defined as “potential drinking 
water” based on an interpreted TDS concentration less than 3,000 mg/L) in storage in the AEM-surveyed 
area as 550,000 AF.  This includes 188,000 AF in the Dune Sand Aquifer, 291,000 AF in the upper 180-
Foot Aquifer, 47,000 AF in the lower 180-Foot Aquifer, and 21,000 AF in the 400-Foot Aquifer.  This 
includes low TDS groundwater identified within the MGSA Area, east of the MGSA Area in the 180-Foot 
Aquifer Subbasin, southeast of the MGSA Area in the Monterey Subbasin, and north of the area of 
seawater intrusion in the 180-Foot Aquifer Subbasin.  It does not include potential low TDS groundwater 
in a large area of Dune Sand Aquifer within the Monterey Subbasin southeast of the MGSA Area that 
could not be surveyed by AEM methods because helicopter overflights were not permitted.  These 
estimates represent a single snapshot in time, but could be used as a baseline to estimate future low 
TDS groundwater storage changes if the geophysical surveys are updated.   

3.2.3 SEAWATER INTRUSION  
Regulation Requirements: 
§354.16(c) Seawater intrusion conditions in the basin, including maps and cross-sections of the seawater intrusion front for 

each principal aquifer. 
 

3.2.3.1 BACKGROUND 

Regionally, the 180-Foot and 400-Foot Aquifers have been subject to seawater intrusion for more than 
75 years and the 400-Foot Aquifer for 60 years, as demonstrated by increased salt content in wells near 
the Monterey Bay coastline.  The negative impact of seawater intrusion on local water resources and the 
agricultural economy has been the primary motivation for many studies dating back to 1946 (DWR 
1946).  MCWRA and others have implemented a series of engineering and management projects 
including well construction moratoriums, developing the CSIP system, and implementing the Salinas 
Valley Water Project (SVWP), among other actions to halt seawater intrusion.  Although those actions 
have managed to slow the advance of intrusion and reduce its impacts, seawater intrusion remains an 
ongoing threat. 

The definition of seawater intrusion is generally based on a chloride concentration threshold and is 
dependent on local beneficial uses and groundwater protection strategies.  In the Salinas Valley 
Groundwater Basin, MCWRA has defined the seawater intrusion threshold as 500 mg/L of chloride.  This 
chloride concentration is significantly lower than the 19,000 mg/L chloride concentration typical of 
seawater, but it represents a concentration that may begin to impact use of the water.  However, the 
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500 mg/L chloride definition has limited applicability in other circumstances.  First, it is entirely possible 
that in an aquifer area where seawater intrusion has occurred at 500 mg/L chloride, that there will be 
large groundwater areas within the 500 mg/L impacted area that have higher quality groundwater than 
at the leading edge.  For example, the chloride concentrations detected in wells MW-5M and 6M(L), 
located within the mapped seawater intrusion zone of the 180-Foot Aquifer, and well MW-9D, located 
within the mapped seawater intrusion zone of the 400-Foot Aquifer, contain chloride concentrations 
wells below the 500 mg/L threshold (see Figures 3-17, 3-18, 3-36 and 3-37).  Second, although this 
definition may represent a practical standard for identifying groundwater affected by seawater 
intrusion, the affected groundwater quality may well be sufficient for many beneficial uses.  In other 
words, the seawater intrusion front defined using the 500 mg/L chloride threshold is a useful guideline 
for identifying when some seawater affect may be detected, this does not mean that the groundwater 
within the affected region is no longer suitable for any current or potential beneficial uses.   

Specifically, the following beneficial use standards apply to groundwater within the seawater intruded 
area of the Subbasin: 

• Under SWRCB Resolution No. 88-63, the state considers all groundwater containing TDS at 
concentrations less than 3,000 mg/L as having a potential beneficial use as (“suitable for”) a 
domestic and municipal supply.  This Resolution is adopted as part of RWQCB’s Water Quality 
Protection Plan for the region. 

• SWRCB Resolution No. 68-16, also known as the Antidegradation Policy, requires that the 
existing high quality of waters be maintained to the maximum extent possible, and allows 
degradation only if it is consistent with maximum benefit to the people of the state, will not 
unreasonably affect present and potential beneficial uses, and will not result in water quality 
lower than applicable standards. 

• For water containing TDS or chloride in excess of drinking water standards, treatment would be 
required prior to use.  It should be noted is not uncommon for municipal or domestic supply 
systems to treat water prior to potable use.  The State of California has adopted an upper 
Secondary Maximum Contaminant Level (SMCL) of 1,000 mg/L TDS and 500 mg/L chloride, and a 
short-term maximum SMCL of 1,500 mg/L TDS and 600 mg/L chloride.  United States 
Environmental Protection Agency’s (EPA’s) and California’s recommended maximum secondary 
limit is 500 mg/L TDS and 250 mg/L chloride.  TDS and chloride concentrations in groundwater 
ranging to the “upper” contaminant level are acceptable if it is neither reasonable nor feasible 
to provide more suitable water sources. However, for purposes of determining whether 
groundwater is suitable for domestic and municipal water purposes, SWRCB Resolution No. 88-
63, which is incorporated in the RWQCB's Basin Plan, governs over all other standards. 

• The Federal Clean Water Act defines groundwater containing less than 10,000 mg/L TDS as an 
Underground Source of Drinking Water.  
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An additional important consideration is that the salt concentration at which seawater intrusion is 
defined in the Subbasin is much lower than the TDS concentration in seawater, which is approximately 
35,000 mg/L, and is much lower than the concentration at which gravity-driven flow following Ghyben-
Herzberg dynamics would occur (Section 3.1.12).  The gravity-driven interface dynamics which occur 
near the MGSA Area differ from the advective solute transport that characterizes seawater intrusion in 
more inland areas, where the intruding water has a much lower TDS concentration and density.  In these 
inland areas, dissolved solids essentially behave as a tracer that follows groundwater flow.  The 
“seawater intrusion front” defined by the 500 mg/L chloride isoconcentration contour in the inland area 
is not expected to follow Ghyben-Herzberg dynamics.  It is also important to note that the potential 
migration of the Ghyben-Herzberg interface in the nearshore environment, which cannot be defined 
using a 500 mg/L chloride contour, can nevertheless have important implications on the stability and 
migration of the 500 mg/L chloride isoconcentration contour in the inland areas. 

3.2.3.2 EXTENT AND ADVANCE OF SEAWATER INTRUSION 

The extent and advance of seawater intrusion over time has been well-monitored and reported by 
MCWRA.  Monitoring seawater intrusion has been ongoing since the Agency formed in 1947 and 
currently includes a network of 96 agricultural wells and 25 dedicated monitoring wells that are sampled 
twice annually: in June and August.  The water samples are analyzed for general minerals; the analytical 
results are used by MCWRA to analyze and report the following: 

• Maps and graphs of historical chloride and specific conductivity trends; 

• Stiff diagrams and Piper diagrams; and 

• Plots of chloride concentration vs. sodium chloride molar ratio trends. 

MCWRA publishes estimates of the extent of seawater intrusion every two years based on the inferred 
location of the 500 mg/L chloride concentration.  MCWRA has developed regional maps of the current 
and historical extent of seawater intrusion for the 180-Foot Aquifer and the 400-Foot Aquifer.  Maps 
showing the progression of the seawater intrusion front over time up to 2015 in the 180-Foot and 400-
Foot Aquifers are presented as Figure 3-36 and Figure 3-37, respectively.  These maps were augmented 
by MGSA to include approximate outlines of the zones of “low TDS groundwater” identified during the 
AEM survey (Gottschalk et al. 2018) on top of MCWRA seawater intrusion maps.  Using a standard of 
3,000 mg/L TDS to define seawater intrusion into the Dune Sand Aquifer, these figures also show the 
advance of seawater intrusion into the Dune Sand Aquifer.  In each of the two figures, the extent of the 
color shaded contours represents the extent of groundwater with chloride exceeding 500 mg/L during 
the referenced year.  The maps indicate that seawater intrusion has migrated inland (eastward) in a 
bilobate zone.  In the northern lobe, approximately centered between the current mouth of the Salinas 
River and Elkhorn Slough, seawater intrusion has progressed inland for a distance of approximately 7.5 
miles in the 180-Foot Aquifer and 3 miles in the 400-Foot Aquifer.  In the southern lobe, approximately 
centered on the City of Marina, seawater intrusion has progressed inland approximately 4.5 miles in the 
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180-Foot Aquifer and 4 miles in the 400-Foot Aquifer.  Several “chloride islands were first observed in 
the 400-Foot Aquifer on the landward side of the previously identified seawater intrusion front, and 
reflect the vertical migration of seawater intrusion through gaps in the 180/400-Foot Aquitard where 
the 180-Foot Aquifer and the 400-Foot Aquifer are in direct connection, and/or where vertical migration 
takes place through wells that have been improperly constructed or boring have been improperly 
abandoned and serve as conduits that connect the aquifer systems.   

Continued seawater intrusion is driven by a large trough north and northeast of Salinas where 
groundwater elevations have fallen below sea level.  SVBGSA estimates of groundwater storage losses 
due to continued seawater intrusion in the Subbasin range from 8,000 to 14,000 AFY (SVBGSA 2019).  As 
discussed in Chapter 2 and Chapter 6, several projects are being implemented and/or proposed by 
SVBGSA and others to address ongoing overdraft and seawater intrusion through in lieu recharge and 
direct recharge to reverse this trend.  These projects are intended to increase the water elevation in the 
180-Foot Aquifer and 400-Foot Aquifer to slow seawater intrusion.  Groundwater level rises ranging 
from approximately 2 to 4 feet are projected between the Salinas River and the MGSA Area, decreasing 
to the west.  Water elevation rise from future projects will decrease landward groundwater gradients, 
and could potentially reverse the groundwater flow direction in the 180-Foot Aquifer, and 400-Foot 
Aquifer depending on the extent and success of future projects and other factors.  

The distribution of water quality in the Dune Sand Aquifer, 180-Foot Aquifer and 400-Foot Aquifer near 
the MGSA Area is discussed in Section 3.1.12, and shown graphically in Figure 3-21 to Figure 3-23.  Maps 
showing the distribution of TDS and chloride concentrations detected in monitoring wells near the 
MGSA Area are shown in Figure 3-16, Figure 3-17, and Figure 3-18 for the Dune Sand, 180-Foot and 400-
Foot Aquifers, respectively.  As shown in these figures and discussed in Section 3.1.12, a zone of low TDS 
groundwater (TDS < 3,000 mg/L) exists in an approximately 8,300-acre area that is locally recharged 
through the Dune Sand Aquifer (Gottschalk et al. 2018).  TDS concentrations detected in groundwater 
samples collected from this area in April 2019 range from 896 to 3,000 mg/L, and chloride 
concentrations range from 112 to 950 mg/L (Figure 3-16).  This zone appears to be in a relatively stable 
state of equilibrium with a saline groundwater intrusion wedge whose upper contact cuts through the 
eastern side of the MGSA Area.  Under Ghyben-Herzberg dynamics, this wedge should remain stable as 
long as the thickness of the overlying low TDS groundwater zone is maintained.   

To date, seawater intrusion has not been reported in the Deep Aquifer.  However, due to concern about 
the potential competence of aquitards separating this aquifer from the overlying seawater-intruded 
aquifers, MCWRA recommended a moratorium on further development of groundwater supplies in this 
aquifer (MCWRA 2017).  Subsequently, the county adopted Ordinance 5302, prohibiting the 
construction of new wells in the Deep Aquifer beneath the areas impacted by seawater intrusion. 
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3.2.4 GROUNDWATER QUALITY 
Regulation Requirements: 
§354.16(d) Groundwater quality issues that may affect the supply and beneficial uses of groundwater, including a 

description and map of the location of known groundwater contamination sites and plumes. 
 
This section presents a summary of current groundwater quality conditions that are not related to 
seawater intrusion.  MGSA does not have regulatory authority over groundwater quality and is not 
charged with improving groundwater quality in the Subbasin.  Projects and actions implemented by 
MGSA are not required to improve groundwater quality; however, they must not further degrade 
groundwater quality.  Locally, RWQCB, DTSC and Monterey County Environmental Health Bureau 
oversee and enforce compliance with environmental health and water quality protection regulations in 
the county.   

3.2.4.1 POINT SOURCES OF GROUNDWATER POLLUTANTS 

There are no reported contamination incidents, waste discharge sites, underground storage tank sites or 
other potential point sources of groundwater pollutants within the MGSA Area.  There are no active 
point-sources of water quality pollutants or contamination plumes located within 1 mile from the 
MGSA; therefore, contamination plumes and point sources of pollutants are discussed narratively 
below, but a map is not included. 

In the vicinity of the MGSA Area, there are three closed underground storage tank cleanup cases located 
within approximately 1 mile of the MGSA Area (SWRCB 2019).  Based on their distance from the MGSA 
Area (at least 2,500 fee) and the fact that these cases are closed, it is unlikely that management actions 
or projects within the MGSA Area would result in the capture or spread of contamination from these 
properties.  The MCWD wastewater collection facility, reclamation plant and desalination facility are 
located approximately 2,000 feet south of the MGSA Area and operate under Waste Discharge 
Requirements issued by the RWQCB.  No violations or releases have been reported at these facilities.   

The Ford Ord Superfund Site Operational Unit Carbon Tetrachloride Plume (OUCTP) area is located 
southeast of the MGSA Area.  The OUCTP plume extends off the former army post into the City of 
Marina and the western extent of the carbon tetrachloride plume is approximately 7,000 feet southeast 
of the MGSA Area (Ahtna, 2019a).  Recent monitoring for September 2018 (Ahtna, 2019b) includes 
water level and water quality monitoring: water quality monitoring is conducted at four remediation 
injection wells, 19 remediation extraction wells, and 56 monitoring wells.  The September 2018 sampling 
was conducted in A-Aquifer wells, and carbon tetrachloride was present in 37 of the 56 monitoring wells 
at concentrations up to 5.8 micrograms per liter (ug/L).  The A-Aquifer plume extends north from the 
post approximately 1 mile, then west northwest into the City of Marina approximately 2 miles.  The 
plume currently appears to be contained by ongoing remediation efforts.   

Groundwater elevation data for the 180-Foot Aquifer are also measured at OUCTP, and the direction of 
groundwater flow for the four quarterly events reported (Q4 2017 to Q3 2018) was generally an 
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eastward direction for the area within the City of Marina.  The 180-Foot Aquifer is not impacted by the 
OUCTP plume. 

Groundwater extraction in the MGSA Area has the potential to affect groundwater gradients near the 
OUCTP area, potentially causing a change in the direction or rate of plume migration, and interfering 
with ongoing cleanup efforts.  The impacted A-Aquifer in this area is reported to be perched on the Fort 
Ord/Salinas Valley Aquitard, which may effectively separate it from regional drawdown in the DSA and 
180-Foot Aquifer; however, this has not been determined conclusively.  The MMRP for the MPWSP 
requires review of potential changes in OUCTP plume migration that could be induced by MPWSP 
pumping (CPUC 2018), if the MPWSP is approved and implemented.  These evaluations would be 
reported under MCWRA’s monitoring program, which has been incorporated into this GSP.   

3.2.4.2 DISTRIBUTION AND CONCENTRATIONS OF DIFFUSE OR NATURAL GROUNDWATER CONSTITUENTS 

With the exception of seawater intrusion, there are no known or reported sources of diffuse or natural 
groundwater pollutants in the MGSA Area. 

Within the 180/400 Foot Aquifer, the Regional Board monitors and regulates activities and discharges 
that can contribute to non-point pollutants, which are constituents that are released to groundwater 
over large areas.  In the Subbasin, the most prevalent non-point source water quality concern is nitrate.  
The current distribution of nitrate was extensively monitored and evaluated by the CCGC and 
documented in a report submitted to the Regional Board (LSCE 2015). 

Six agricultural sites within 1 mile of the MGSA Area are enrolled in the Irrigated Lands Program, which 
monitors and regulates nitrate discharges to groundwater.  Two sources of water quality data were 
reviewed for the MGSA Area with respect to nitrate (based on prior investigations in the Salinas Valley 
Basin that identified nitrate as a chemical of concern):  data from monitoring wells sampled in support 
of the MPWSP and groundwater quality data and data posted to the SWRCB GeoTracker GAMA site 
(SWRCB 2019).  Nitrate as nitrogen was detected in three monitoring wells in the MGSA Area at 
concentrations ranging from less than 1 mg/L to approximately 5 mg/L.  Water quality data posted for 
the CEMEX well indicate 13 samples were collected between 2000 and 2014 and analyzed for nitrate, 
with reported concentrations ranging from less than 2 mg/L (reporting limit) to 77 mg/L.  None of the 
MPWSP on-site well samples exceeded the Maximum Contaminant Level (MCL) for nitrate as nitrogen in 
drinking water of 10 mg/L, and only one of the CEMEX well samples exceeded the nitrate MCL of 45 
mg/L; however, water produced from this well contains TDS at a concentration of 19,000 mg/L and is 
not suitable as a source of drinking water.   

Groundwater sampled east of the MGSA Area from monitoring wells MW-5S(P), MW-5M, MW-7S, and 
MW-8S was found to contain nitrate as nitrogen concentrations greater than the 10 mg/L MCL. These 
wells are located approximately 3,300 to 7,200 feet east of the MGSA Area, in agriculturally developed 
areas.  
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3.2.4.3 GROUNDWATER QUALITY SUMMARY 

Based on the water quality information presented in the previous sections, the following constituents 
will be considered for inclusion in the monitoring program adopted in this GSP: 

• Chloride; and 

• TDS. 

The monitoring network is further defined in Chapter 5.  The constituents listed above are the 
constituents of concern for all aquifers in MGSA Area.  Nitrate is not proposed to be included because 
there are no potential nitrate sources within the MGSA Area. 

3.2.5 LAND SUBSIDENCE 
Regulation Requirements: 
§354.16(e) The extent, cumulative total, and annual rate of land subsidence, including maps depicting total subsidence, 

utilizing data available from the Department, as specified in Section 353.2, or best available information. 
 
Land subsidence is not closely monitored in the Monterey Bay region and has not been reported in 
Salinas Valley.  In 2014, DWR reported that continuous monitoring stations located near the coast in the 
Pajaro Valley and Santa Cruz areas displayed a declining trend, but recorded total cumulative subsidence 
less than 1 inch (DWR 2014).  DWR estimated the potential for future land subsidence in each 
groundwater basin based on groundwater elevations, previous subsidence studies, borehole 
extensometer data, and continuous GPS data.  It was reported that there was insufficient data in the 
Salinas Valley Basin to assess its vulnerability to future subsidence.   

The DWR SGMA Data Viewer includes estimates of vertical ground surface displacement in Salinas Valley 
between June 2015 and June 2018 based on satellite data (https://sgma.water.ca.gov/webgis/?appid= 
SGMADataViewer#landsub).  Vertical displacement estimates are derived from Interferometric Synthetic 
Aperture Radar (InSAR) data collected by the European Space Agency (ESA) Sentinel-1A satellite and 
processed by TRE ALTAMIRA Inc. (TRE) under contract with the DWR.  The total ground surface 
displacement reported in and near the MGSA Area during this time period ranged from approximately 
0.01 to 0.025 foot.  During the first two years of this time period, the test slant well-constructed for the 
MPWSP project in the MGSA Area was pumped at a rate of approximately 2,000 gallons per minute.   

The available data suggest that the vicinity of the MGSA Area has not experienced significant 
subsidence.  However, the data are insufficient to assess the potential vulnerability of this area to future 
subsidence if groundwater extractions are increased.  MGSA will work with SVBGSA to address this data 
gap during GSP implementation.   

 

 

https://sgma.water.ca.gov/webgis/?appid=%20SGMADataViewer#landsub
https://sgma.water.ca.gov/webgis/?appid=%20SGMADataViewer#landsub
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3.2.6 INTERCONNECTED SURFACE WATER SYSTEMS 
Regulation Requirements: 
§354.16(f) Identification of interconnected surface water systems within the basin and an estimate of the quantity and 

timing of depletions of those systems, utilizing data available from the Department, as specified in Section 353.2, or 
best available information. 

 
The MGSA Area is approximately 4,000 feet from the Salinas River.  Little information is available to 
directly assess the potential interaction between the river and the Dune Sand Aquifer and underlying 
180-Foot Aquifer at this location; however, the following data suggest that they are interconnected: 

• Measured groundwater elevations in wells in this area range from 6 to 8 feet above mean sea 
level, which is less than 20 feet below the elevation of the Salinas River thalweg in this area;  

• In early 2016, groundwater elevations measured in the shallow wells completed at the MW-6, 
MW-8 and MW-9 clusters near the Salinas River showed a rapid and pronounced rise up to 
approximately 7 feet that was closely correlated with a rise in the Salinas River stage at the 
Spreckels gaging station from 2 to 20 feet.   

• Geophysical data collected in 2017 indicate that groundwater elevations in the Dune Sand 
Aquifer are close to the river stage elevation, and decline away from the river, suggesting a 
losing condition (Figure 3-22). 

• Within approximately ½ mile of the river mouth, the geophysical data suggest that seawater 
intrusion is occurring through the riverbed and into the Dune Sand Aquifer and underlying 180-
Foot Aquifer (Figure 3-22). 

• Projected groundwater elevations in the spring of 2018 were within less than 2 to 5 feet of 
several mapped “vernal ponds” (palustrine and emergent wetlands) located east of the MGSA 
Area that are designated as environmentally sensitive habitat areas designated for protection 
under the California Coastal Act (Section 2.1.2).   

Further inland, near the Spreckels gaging station approximately 13.5 river miles upstream from the 
Pacific Ocean, groundwater elevations have historically been much deeper than Salinas River, indicating 
that the river may be hydraulically disconnected from the regional groundwater aquifers at this location.  

This analysis of surface-groundwater interaction along the Salinas River is based on limited data and is 
therefore uncertain.  Additional groundwater elevation data collection using monitoring wells 
completed in the Dune Sand Aquifer and the 180-Foot Aquifer near the river, and further evaluation 
through groundwater modeling would help to address this data gap.  MGSA will work in coordination 
with the SVBGSA to help address this data gap in the lower reach of the river near the MGSA Area. 
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3.2.6.1 GROUNDWATER-DEPENDENT ECOSYSTEMS  

Regulation Requirements: 
§354.16(g) Identification of groundwater dependent ecosystems within the basin, utilizing data available from the 

Department, as specified in Section 353.2, or best available information. 
 
Figure 3-38 shows the location of potential groundwater-dependent ecosystems (GDEs) in the vicinity of 
the MGSA Area based on the Natural Communities Commonly Associated with Groundwater (NCCAG) 
dataset (https://gis.water.ca.gov/app/NCDatasetViewer/) developed by The Nature Conservancy in 
collaboration with DWR.  The process for assessing whether these potential GDEs are in fact GDEs is 
discussed below.  No potential GDEs are mapped in the MGSA Area, but several potential GDEs are 
located nearby.  Potential GDEs near the MGSA Area include riverine wetlands and riparian habitat along 
the banks of the Salinas River, and palustrine and emergent wetland areas that are seasonally flooded in 
depressions a short distance east of the MGSA Area, north in the Salinas River National Wildlife Refuge, 
and south in the City of Marina.   

Several of the potential GDEs identified near the MGSA Area are included in the Coastal/Vernal Ponds 
Comprehensive Management Plan that was developed by the City in 1994 (The Habitat Restoration 
Group 1994).  Despite their sometimes seasonal nature, they are considered coastal wetlands and that 
provide habitat and cover for migratory waterfowl and a number of animals, including the endangered 
black legless lizard.  Table 3-4 lists the location and current ownership/management of several of the 
vernal ponds in the City of Marina.  The plan was developed to identify guidelines for the preservation, 
management and enhancement of Marina’s wetland resources, and the plan identifies specific measures 
to be conducted at each pond to preserve, protect, and enhance sensitive resources. 

TABLE 3-4.  VERNAL PONDS IN MARINA 

Pond Location Current Ownership/Management 

Pond 1 West of Lake Drive City of Marina 

Pond 2 Reservation Road and Seaside Avenue City of Marina 

Pond 3 Reservation Road and Beach Road Private/City 

Pond 4 North of Reservation Road West of Hwy 1 Marina Water District 

Pond 5 South of Reservation Road West of Hwy 1 CA Department of Parks and Recreation 

Pond 6 West of Hwy 1 Private (unincorporated land outside City 
of Marina Limits) 

Pond 7 West of Lake Drive City of Marina 
Source: City of Marina Local Coastal Program Land Use Plan (City of Marina 2014a) 
 

Ponds 3, 5, and 6 are located closest to the MGSA Area: Pond 6 – Armstrong Ranch Complex Ponds are 
immediately to the east of the MGSA Area; Pond 5 – Marina Cost Water District Pond is south of the 
MGSA Area; and Pond 3 – Marina Landing Pond is south east of the MGSA Area.  They are described in 
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City of Marina planning documents as “vernal ponds,” which are areas where water pools that expand 
during the wet season and support marshy wetlands that provide habitat for plants and animals much of 
the year (City of Marina 2014a).  These fresh and brackish water ponds are unique along the California 
coast and are present when a combination of circumstances (i.e., a depression within the fast-draining 
sandy soils, a lens of less pervious soil, and a high water table) occur simultaneously.   

To evaluate whether these potential GDEs are in fact groundwater dependent and whether they may be 
affected by groundwater extraction in the MGSA Area, the following information was considered.  The 
Dune Sand Aquifer is the uppermost aquifer in the area and is hydraulically connected to the 180-Foot 
Aquifer in the MGSA Area (Section 3.1.6).  Modeling of potential groundwater resources effects 
associated with the proposed MPWSP indicates pumping from the Dune Sand and 180-Foot Aquifers to 
supply water for the project from the MGSA Area is expected to result in drawdown ranging from 1 to 5 
feet in the Dune Sand Aquifer in the area between the MPWSP and the Salinas River (ESA 2018).  While 
the actual amount of drawdown is uncertain, the results of this analysis support the interpretation of a 
nexus between groundwater extraction in the MGSA area and groundwater elevations in the Dune Sand 
Aquifer in the surrounding area.  Consistent with guidance developed by The Nature Conservancy (TNC 
2019), an evaluation was conducted to assess the connection of the potential GDEs identified near the 
MGSA Area (Pond 6) and the Dune Sand Aquifer.  Groundwater elevations interpolated from monitoring 
data in the Dune Sand Aquifer in an area within and east of the MGSA Area (Pond 6) were subtracted 
from land surface elevations derived from the USGS digital elevation model to determine the depth to 
groundwater beneath areas where potential GDEs were mapped.  In the area where groundwater 
elevation data were available, it was found that the mapped palustrine and emergent wetlands (coastal 
vernal ponds) occurred in the areas where the shallowest groundwater elevations were found to exist (0 
to 5 feet below ground level), strongly suggesting that these features are groundwater connected and 
dependent.  The results of this analysis are presented as Figure 3-38.     

The Armstrong Ranch Ponds are located approximately 300 to 1,000 feet southeast of the MGSA Area 
and include a series of seasonal wetlands with ponded water in the winter and wet herbaceous 
meadows likely subsisting on shallow groundwater during the dry season (The Habitat Restoration 
Group 1994).  A representative analysis of evapotranspiration (ET) from one of these ponds is presented 
in Figure 4-1.  Summer (June, July, and August) evapotranspiration was calculated using the surface 
energy balance method (Paul et al. 2018) from remote sensing data generated by the Landsat Satellite 
mission by Formation Environmental under contract to the Department of Water Resources (DWR).  The 
results indicate summer ET ranged from approximately 5 to 10 inches from 2010 to 2013, then 
decreased to approximately 1 to 5 inches in 2014 and 2015, and 1 to 3 inches in 2016.  In 2017, ET 
increased to approximately 3 to 10 inches, and in 2018, ET was approximately 5 to 12 inches.  The 
decline in ET from 2014 to 2016 occurred during a period of severe drought; however, the test slant well 
pumping test was also conducted from April 2015 to February 2018 (Geoscience Support Services 2019).  
Hydrographs for well MW-4S indicate that the seasonal fluctuation in groundwater elevations in this 
well was approximately 2 feet, and suggest that pumping-induced drawdown was approximately 1 foot.  



CHAPTER 3 – BASIN SETTING 
Groundwater Sustainability Plan 
for the City of Marina GSA Area of the 180/400 Foot Aquifer Subbasin January 2020 

 

3-46 

The lowest groundwater elevations were observed in the summer of 2016 and averaged about 2 feet 
higher in summer 2017 and summer 2018.   

The above ET analysis demonstrates the correlation between groundwater levels and ET from this 
wetland, and illustrates its sensitivity to groundwater level declines.  The existence of a GDE at this 
location is therefore considered confirmed, and the remaining vernal ponds are also assumed to be 
GDEs for the purposes of this GSP.  ET, and by correlation biomass productivity, rebounded with 
groundwater levels; however, it is not known whether the stress induced in the GDE resulted in a 
change in the vegetation community, habitat degradation, or habitat succession that is not readily 
reversible.  Based on this data, it is not possible to determine the extent to which the drawdown 
induced during the test slant well pumping test resulted in significant and unreasonable impacts to the 
GDE, or whether the results were temporary and reversable.  The correlation between groundwater 
elevations and GDE responses is identified as a data gap.   

3.3 WATER BUDGET INFORMATION  
3.3.1 INTRODUCTION  

Regulation Requirements: 
§354.18(a) Each Plan shall include a water budget for the basin that provides an accounting and assessment of the total 

annual volume of groundwater and surface water entering and leaving the basin, including historical, current and 
projected water budget conditions, and the change in the volume of water stored. Water budget information shall be 
reported in tabular and graphical form. 

 
The MGSA Area represents a relatively small area within the 180/400 Foot Aquifer Subbasin, for which 
historical, current, and projected water budgets have been prepared by SVBGSA and presented in their 
GSP (SVBGSA 2020).  Since the MGSA Area is hydraulically connected with the surrounding portions of 
the Subbasin and part of the already developed water budgets, this GSP adopts the SVBGSA’s regional 
historical, current, and future water budgets for the Subbasin (SVBGSA, 2020).  Tables summarizing 
these water budgets are included as Appendix 3.E, and the details and assumptions regarding their 
derivation are described in the SVBGSA’s GSP.  The water budget discussion in this GSP focuses on 
augmenting the SVBGSA’s regional water budgets with local water budget information as needed to 
prepare a locally focused GSP that complies with the requirements of 23 CCR § 354.18, conveys an 
adequate understanding of local groundwater conditions, and informs local sustainable groundwater 
management decisions.   

Data to assess local water budget components near the MGSA Area are limited.  Up to the present time, 
land use in the MGSA Area was limited to open space and a sand plant with a single saline process water 
supply well and little attention was paid to groundwater conditions beneath the area, except as part of 
more regional studies.  The sand plant permit to operate and pump water expires on December 31, 
2020, which should result in improved groundwater conditions within the MGSA Area.   
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In order to help assess potential impacts associated with construction of the MPWSP slant makeup 
water wells for the proposed MPWSP within the MGSA Area, monitoring wells were first installed in 
2015 along with the test slant well.  As a result, there is little data for development of a local historical 
water budget prior to 2015.  Similarly, while recent investigations focused on this area have revealed the 
nature and complexity of local subsurface stratigraphic and water quality conditions, the tools to 
evaluate the response of the low-TDS/saline groundwater interface and the aquifers in this area to 
pumping to substantial pumping at a local level do not, as yet, exist.  This GSP relies on the regional 
water budget analysis completed by SVBGSA, supplemented by a local water budget under current 
conditions, and qualitative information regarding local historical and projected water budget conditions.  
We believe this approach complies with the requirements of 23 CCR § 354.18 and will support 
sustainable management of groundwater resources in and around the MGSA Area when coupled with 
appropriate sustainable management criteria, monitoring and management actions discussed in 
Chapters 4, 5 and 6, respectively.   

SVBGSA used a pre-publication version of the USGS SVIHM to evaluate and develop regional water 
budgets for the Subbasin.  The approach, assumptions, and resulting water budgets are described in 
detail in Chapter 6 of SVBGSA’s GSP (SVBGSA 2020).  After the SVIHM is publicly released, MGSA will use 
it as needed during GSP implementation in collaboration with SVBGSA to develop a more refined 
understanding of the local water budget, flow conditions and project effects, and their integration with 
regional conditions, and to inform sustainable groundwater management decisions.  Chapter 6 includes 
specific requirements for development of a locally refined groundwater flow model that is able to 
simulate solute transport and density-driven flow that can be used to evaluate and develop corrective 
actions if water quality monitoring indicates that significant and unreasonable seawater intrusion or 
water quality degradation may occur.  MCWD GSA is currently planning to conduct such studies for the 
area that includes their GSA boundaries and the surrounding region, including the MGSA Area and 
beyond.  With these measures in place, the water budget and basin characterization tools that are 
currently available are sufficient to assure the sustainable management objectives of this GSP and the 
adjacent GSPs are met.   

3.3.2 LIMITATIONS 
Several significant data limitations affect the approach to water budget development in this GSP and the 
interpretation and application of the water budget data.  Appropriate care should be taken when 
applying these data to assess inter-basin flows and the regional effects of seawater intrusion and 
proposed regional projects, as such assessments will likely require additional focused evaluation.  Once 
the SVIHM groundwater model is made available by the USGS, updated assessments of the historical, 
current, and future water budgets for the MGSA Area and surrounding regions will be undertaken as 
needed during GSP implementation in coordination with SVBGSA and MCWD GSA.  The following 
specific data limitations have been identified.   
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• Groundwater elevation, flow direction and gradient data – There are limited data describing 
the groundwater elevation and flow conditions within and near the MGSA Area.  Water 
elevation data are available for the Dune Sand Aquifer, 180-Foot Aquifer and 400-Foot Aquifer 
only after early 2015, which limits the ability to assess trends and historical water budget data.  
The closest Deep Aquifer monitoring well is more than 2 miles south of the MGSA Area.  Further, 
the available Deep Aquifer wells are completed in various aquifer horizons between about 700 
and 2,000 feet below ground surface, and are at present insufficient numbers to establish a 
groundwater gradient; therefore, the subsurface inflow/outflow cannot be estimated for the 
Deep Aquifer at this time. 

• Upper aquifer system data – Known heterogeneities in the upper aquifer system (the Dune 
Sand, 180-Foot and 400-Foot Aquifers), aquitards and groundwater density contacts have not 
yet been conceptualized in available groundwater models at the local scale.   

• Lower aquifer system data – The properties of the 400 Foot/Deep Aquitard and Deep Aquifer 
are not well understood.  Refinement of the available modeling tools may be needed during GSP 
implementation to assess potential future water budget changes. 

• Recharge and vertical leakances data – Based on regional information and site-specific water 
elevation data, recharge occurs from deep percolation of precipitation and applied irrigation 
water.  The 180-Foot, 400-Foot and Deep Aquifers all receive recharge from the overlying 
aquifers in the form of vertical leakance.  The lateral extent, thickness and properties of the 
aquitards separating these aquifers is variable, and the vertical leakance between these aquifers 
has not been quantified at the local level. 

• Subsurface inflow/outflow data – Groundwater moves into and out of the MGSA Area as 
subsurface flow.  Under pre-development conditions in the Salinas Valley, the groundwater 
gradient in all four aquifers is presumed to have been seaward (in a generally westerly direction 
from the land to the sea).  Due to inland pumping, the groundwater gradient has changed, and 
saltwater has intruded under the land within a portion of Dune Sand, 180-Foot and 400-Foot 
Aquifers.  Developing subsurface inflow/outflow budgets is complicated by the landward flow 
direction in the 400-Foot Aquifer and at least the lower portions of the 180-Foot Aquifer.  With 
the implementation of in lieu and direct discharge projects in the future, as described in Chapter 
6, these gradients are expected to lessen in the future, and water budgets would change as a 
result of decreasing and potentially even reversed gradients. 

• Groundwater mixing in multiple aquifers – Pumping from the CEMEX well, MPWSP test slant 
well and proposed MPWSP slant wells occurs from multiple aquifers, and the contribution from 
individual aquifers or differing water quality zones is not known.  In addition, density-driven 
convection of saline groundwater in the intruding wedge underlying the MGSA Area likely 
results in the mixing of saline and low-TDS groundwater in the upper portion of the intruding 
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wedge, which discharges seaward.  Mixing of aquifer water complicates developing inflow and 
outflow water budgets and the prediction of future water budget effects.  

3.3.3 APPROACH 
Regulation Requirements: 
§354.18(e) Each Plan shall rely on the best available information and best available science to quantify the water budget for 

the basin in order to provide an understanding of historical and projected hydrology, water demand, water supply, land 
use, population, climate change, sea level rise, groundwater and surface water interaction, and subsurface 
groundwater flow. If a numerical groundwater and surface water model is not used to quantify and evaluate the 
projected water budget conditions and the potential impacts to beneficial uses and users of groundwater, the Plan shall 
identify and describe an equally effective method, tool, or analytical model to evaluate projected water budget 
conditions.   

 
Due to the limitations described in Section 3.3.2, only a current water budget is developed for the MGSA 
Area, and qualitative water budget information is provided for the historical water budget and predicted 
water budget to cover the budget components that can be evaluated at this time.  However, for 
planning purposes, it is reasonable to assume that the historic water budget was similar to the current 
water budget, as there has not been a significant change in land use or groundwater development 
within the MGSA Area for decades, with exception of the recent test slant well pumping.  The current 
water budget was calculated using average annual data from Water Year (WY) 2015 through WY 2018.   

Section 3.3 organized in subsections that develop the supplemental water budget information for the 
MGSA Area in a methodical fashion using the following approach: 

1. Define the water budget boundary. 

2. Identify the water budget components to be estimated for the water budget. 

3. Identify the source data and quantify each of the groundwater budget components.  Separate 
sections are included quantifying the surface water budget and groundwater inflows and 
outflows.  Component quantification is mainly for the current water budget, with additional 
information discussed to provide perspective on the historical and projected water budgets. 

4. Estimate the change in groundwater in storage. 

5. Combine the individual components into a water budget summary in tabulated and graphical 
form. 

6. Discuss the uncertainties in the water budgets. 

Development of the supplemental water budget for the MGSA Area is based on the following data:  

• 24 years of precipitation data from Monterey airport summarized in Table 3-5 (1995 to 2018); 

• Eight years of evapotranspiration data summarized in Table 3-6 (2010 to 2018); 
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• Four years of water elevation data from MPWSP monitoring wells summarized in Table 3-7 
(February 2015 to April 2019); 

• Aquifer properties summarized in Section 3.1.7.1; and 

• Reported pumpage by the CEMEX and test slant well test. 



CHAPTER 3 – BASIN SETTING 
Groundwater Sustainability Plan 
for the City of Marina GSA Area of the 180/400 Foot Aquifer Subbasin January 2020 

 

3-51 

TABLE 3-5.  MONTHLY PRECIPITATION (INCHES) FOR MONTEREY WEATHER FORECAST OFFICE (WFO), CA 

Water 
Year Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep 

Water 
Year 
Total 

1996 0.16 0.05 1.61 4.16 6.05 2.87 0.70 1.30 0.03 0.01 T 0.02 16.96 
1997 0.76 2.07 5.93 7.67 0.05 0.12 0.18 0.12 0.10 T 0.15 0.00 17.15 
1998 0.57 6.06 3.46 7.55 13.73 3.79 2.98 2.25 0.09 0.06 T 0.10 40.64 
1999 0.61 2.46 1.19 2.67 3.14 3.39 2.17 0.03 0.20 0.01 0.04 0.40 16.31 
2000 0.12 1.00 0.16 5.27 5.77 2.44 0.73 0.41 M 0.02 0.00 0.23 16.15 
2001 3.89 M 0.20 3.55 3.70 1.67 1.78 0.01 0.06 T 0.03 0.11 15.00 
2002 0.17 2.28 4.78 1.08 0.97 1.04 0.40 0.66 0.03 T 0.01 T 11.42 
2003 0.01 1.89 6.19 1.02 1.88 0.99 2.15 0.79 0.02 0.01 0.05 0.02 15.02 
2004 0.35 1.66 5.33 1.34 4.05 0.53 0.01 T 0.06 0.03 0.01 0.08 13.45 
2005 3.34 1.02 4.92 4.44 4.16 4.15 1.56 0.79 0.28 0.04 0.00 0.00 24.70 
2006 0.15 1.09 3.62 3.18 0.91 7.11 2.77 0.63 0.00 0.04 0.00 0.00 19.50 
2007 0.07 1.34 2.30 1.07 3.12 0.52 1.04 0.15 0.06 0.02 0.00 0.44 10.13 
2008 1.13 0.46 1.07 6.34 2.61 0.52 0.25 0.00 0.01 0.01 0.01 T 12.41 
2009 0.16 1.32 2.70 2.21 4.96 2.32 0.33 0.20 0.03 0.04 0.08 0.15 14.50 
2010 2.43 0.25 2.18 5.88 2.87 3.24 3.01 0.55 0.00 0.00 0.15 0.05 20.61 
2011 0.85 2.15 4.04 2.01 4.52 4.83 0.20 0.86 0.78 0.02 0.07 0.01 20.34 
2012 1.86 1.44 0.20 1.31 0.74 3.51 2.23 0.13 0.30 0.03 0.03 0.00 11.78 
2013 0.63 3.45 3.87 0.86 0.79 1.05 0.31 T 0.06 T 0.11 0.04 11.17 
2014 0.45 0.39 0.30 0.10 3.75 2.63 1.22 0.09 0.01 T 0.06 0.33 9.33 
2015 1.44 1.39 8.55 T 1.26 0.29 0.89 0.29 0.01 0.13 0.05 0.05 14.35 
2016 0.13 3.58 3.73 6.40 1.34 5.16 0.59 0.24 0.01 0.00 0.03 0.00 21.21 
2017 2.73 1.32 1.51 7.49 6.18 2.33 1.24 0.03 0.08 0.00 0.01 0.07 22.99 
2018 0.14 1.21 0.20 3.44 0.35 4.74 2.33 0.11 0.00 0.02 0.01 0.00 12.55 

Mean 0.96 1.65 2.96 3.44 3.34 2.58 1.26 0.42 0.10 0.02 0.04 0.09 16.86 
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TABLE 3-6.  MONTHLY EVAPOTRANSPIRATION DATA FROM CALETA 

Water 
Year 

Units Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total 

WY2011 
Inches 0.57 0.41 0.26 0.42 0.39 0.68 0.93 0.91 0.81 0.76 0.64 0.68 7.47 
Acre-
Feet 18.84 13.65 8.74 14.03 13.02 22.57 30.88 30.19 27.03 25.07 21.40 22.57 248.00 

WY2012 
Inches 0.64 0.44 0.48 0.53 0.60 0.78 0.98 1.00 0.92 0.78 0.76 0.58 8.50 
Acre-
Feet 21.25 14.59 15.89 17.50 20.04 26.04 32.49 33.24 30.61 26.04 25.20 19.31 282.19 

WY2013 
Inches 0.58 0.48 0.32 0.46 0.51 0.81 0.96 0.87 0.81 0.64 0.65 0.69 7.77 
Acre-
Feet 19.29 15.88 10.51 15.25 17.02 27.03 31.75 29.00 26.78 21.15 21.45 22.77 257.88 

WY2014 
Inches 0.45 0.35 0.34 0.35 0.32 0.60 0.77 0.84 0.65 0.70 0.61 0.48 6.46 
Acre-
Feet 14.81 11.69 11.30 11.77 10.70 20.00 25.44 27.73 21.61 23.08 20.36 15.97 214.48 

WY2015 
Inches 0.44 0.30 0.23 0.42 0.55 0.78 0.71 0.64 0.76 0.84 0.72 0.48 6.85 
Acre-
Feet 14.51 9.92 7.71 13.92 18.21 25.79 23.52 21.39 25.17 27.78 23.75 15.90 227.59 

WY2016 
Inches 0.45 0.34 0.32 0.39 0.86 0.98 1.00 0.89 0.89 0.80 0.44 0.63 8.01 
Acre-
Feet 14.85 11.45 10.65 13.10 28.43 32.47 33.35 29.53 29.70 26.70 14.66 20.94 265.82 

WY2017 
Inches 0.58 0.47 0.41 0.53 0.66 1.09 1.12 1.18 1.00 0.93 0.67 0.67 9.30 
Acre-
Feet 19.40 15.54 13.45 17.72 21.76 36.11 37.33 39.14 33.12 30.79 22.19 22.30 308.85 

WY2018 
Inches 0.77 0.49 0.37 0.45 0.64 0.76 0.88 0.91 1.11 1.00 0.65 0.51 8.55 
Acre-
Feet 25.59 16.15 12.25 16.51 23.95 28.51 33.37 34.85 42.02 38.32 26.23 20.62 318.36 

 
             Total 

Average 
Inches 0.56 0.41 0.34 0.44 0.57 0.81 0.92 0.91 0.87 0.80 0.64 0.59 7.86 
Acre-
Feet 18.57 13.61 11.31 14.97 19.14 27.31 31.02 30.63 29.51 27.37 21.90 20.05 265.40 
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TABLE 3-7.  GROUNDWATER LEVEL AND VERTICAL GRADIENT DATA FROM MPWSP MONITORING WELLS 

Well Name 
Top of Casing Measurement Groundwater 

Elevation 

Vertical Head 
Difference 

between Zones  
Relative Vertical 
Flow Direction 

(ft NAVD88) Date and Time (ft NAVD88) (ft) 

MW-1S 30.51 4/2/2018 12:00 6.05   
        -0.31 up 
MW-1M 29.86 4/2/2018 12:00 6.36   

        7.99 down 
MW-1D 29.68 4/2/2018 12:00 -1.63     

MW-1S 30.51 3/12/2017 12:00 -1.26  
 

        -2.97 up 

MW-1M 29.86 3/12/2017 12:00 1.71   

        3.91  down 
MW-1D 29.68 3/12/2017 12:00 -2.2     

MW-1S 30.19 3/20/2015 12:00 4.42  
 

        -0.65 up 

MW-1M 29.86 3/20/2015 12:00 5.07   

        8.59 down 
MW-1D 29.39 3/20/2015 12:00 -3.52     

MW-3S 37.16 3/20/2015 12:00 5.81  
 

        2.56 down 

MW-3M 37.35 3/20/2015 12:00 3.25   

        5.97 down 
MW-3D 36.93 3/20/2015 12:00 -2.72     

MW-3S 37.16 3/12/2017 12:00 5.38  
 

        1.76 down 

MW-3M 37.35 3/12/2017 12:00 3.62   

        5.88 down 
MW-3D 36.93 3/12/2017 12:00 -2.26     

MW-3S 37.16 4/2/2018 12:00 6.32  
 

        1.6 down 

MW-3M 37.35 4/2/2018 12:00 4.72   

        6.27 down 
MW-3D 36.93 4/2/2018 12:00 -1.55     

MW-4S 41.96 3/20/2015 12:00 3.43  
 

        2.81 down 

MW-4M 41.99 3/20/2015 12:00 0.62   

        5.08 down 
MW-4D 41.95 3/20/2015 12:00 -4.46     
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TABLE 3-7.  GROUNDWATER LEVEL AND VERTICAL GRADIENT DATA FROM MPWSP MONITORING WELLS 

MW-4S 41.96 3/12/2017 12:00 6.91   

        4.06 down 
MW-4M 41.99 3/12/2017 12:00 2.85   

        4.97 down 
MW-4D 41.95 3/12/2017 12:00 -2.12     

MW-4S 41.96 4/2/2018 12:00 6.3   

        3.37 down 
MW-4M 41.99 4/2/2018 12:00 2.93   

        4.02 down 
MW-4D 41.95 4/2/2018 12:00 -1.09     

MW-5S 80.06 3/20/2015 12:00 36.63   

        35.35 down 
MW-5M 80.1 3/20/2015 12:00 1.28   

        7.59 down 
MW-5D 80.06 3/20/2015 12:00 -6.31     

MW-5S 80.25 3/12/2016 12:00 37.12   

        43.51 down 
MW-5D 80.06 3/12/2017 12:00 -6.39   

        -8.54 up 
MW-5M 80.48 3/12/2017 12:05 2.15     

MW-5S 80.25 4/2/2018 12:00 40.04   

        38.2 down 
MW-5M 80.48 4/2/2018 12:00 1.84   

        4.66 down 
MW-5D 80.06 4/2/2018 12:00 -2.82     

MW-6S 35.89 3/12/2017 12:00 20.9   

        28.22 down 
MW-6M 35.68 3/12/2017 12:00 -7.32   

        0.88 down 
MW-6M(L) 35.82 3/12/2017 12:00 -8.2     

MW-6S 35.89 4/2/2018 12:00 7.89   

        14.42 down 
MW-6M 35.68 4/2/2018 12:00 -6.53   

        1.28 down 
MW-6M(L) 35.82 4/2/2018 12:00 -7.81     

MW-7S 50.64 3/12/2017 12:00 8.32   

        7.26 down 
MW-7M 50.29 3/12/2017 12:00 1.06   

        3.51 down 
MW-7D 50.24 3/12/2017 12:00 -2.45     
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TABLE 3-7.  GROUNDWATER LEVEL AND VERTICAL GRADIENT DATA FROM MPWSP MONITORING WELLS 

MW-7S 50.64 4/2/2018 12:00 8.62   

        6.83 down 
MW-7M 50.29 4/2/2018 12:00 1.79   

        2.24 down 
MW-7D 50.24 4/2/2018 12:00 -0.45     

MW-8S 19.96 3/12/2017 12:00 6.85   

        5.56 down 
MW-8M 19.99 3/12/2017 12:00 1.29   

        5.67 down 
MW-8D 20.08 3/12/2017 12:00 -4.38     

MW-8S 19.96 4/2/2018 12:00 5.56   

        4.59 down 
MW-8M 19.99 4/2/2018 12:00 0.97   

        2.68 down 
MW-8D 20.08 4/2/2018 12:00 -1.71     

MW-9S 18.42 3/12/2017 12:00 8.14   

        10.4 down 
MW-9M 18.32 3/12/2017 12:00 -2.26   

        4.62 down 
MW-9D 18.32 3/12/2017 12:00 -6.88     

MW-9S 18.42 4/2/2018 12:00 7.02   

        9.39 down 
MW-9M 18.32 4/2/2018 12:00 -2.37   

        -0.82 up 
MW-9D 18.32 4/2/2018 12:00 -1.55     

Notes:     

                      NAVD88 = North American Vertical Datum of 1988 
ft = feet     

References:     

         Monthly Groundwater Monitoring Report No. 3   

         Test Slant Well Long-Term Pumping Monitoring Report No. 97  

         Test Slant Well Long-Term Pumping Monitoring Report No. 148  
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3.3.4 WATER BUDGET BOUNDARIES 
The supplement water budget information for the MGSA Area is calculated inside the following 
boundaries that lie within the water budget boundaries for SVBGSA’s regional water budget for the 
Subbasin: 

• The lateral boundaries for the water budget calculations are the perimeter of the MGSA Area. 

• The bottom boundary for the water budget calculations is the top of the Deep Aquifer.  As 
discussed in Section 3.3.1, data are insufficient to perform water budget calculations for the 
Deep Aquifer, but a discussion of water budget components for the Deep Aquifer is presented.   

• The top boundary of the water budget calculations is above the ground surface; precipitation 
infiltration and evapotranspiration are included in the water budget. 

3.3.5 WATER BUDGET COMPONENTS 
3.3.5.1 Surface Water Budget Components 

Within the boundaries discussed above, the surface water budget inflows include: 

• Precipitation and runoff; and 

• Process water discharge to the four man-made ponds that are part of the CEMEX operation. 

The surface water budget outflows include: 

• Evapotranspiration (ET); and 

• Evaporation from the CEMEX ponds. 

Due to the high permeability of the dune sands, there is no surface water inflow to the MGSA area.  
Runon and runoff are negligible. 

3.3.5.2 Groundwater Budget Components 

Within the boundaries discussed above, the groundwater budget inflows include: 

• Deep percolation of precipitation; 

• Deep percolation of CEMEX pond water; and 

• Subsurface inflows from adjacent areas within the Subbasin. 

The groundwater budget outflows include: 

• Groundwater pumping;  
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• Subsurface outflows; and 

• Deep percolation. 

There are no GDEs in the MGSA Area, so ET of groundwater is not considered an outflow component. 

3.3.6 SURFACE WATER INFLOW AND OUTFLOW  
Regulation Requirements: 
§354.18(b) The water budget shall quantify the following, either through direct measurements or estimates based on data: 

(1) Total surface water entering and leaving a basin by water source type.   
 
Surface water inflows under current and historical conditions are similar and include the following 
components: 

• Precipitation – Precipitation at the Marina Airport weather station has been measured since 
1995, and the mean annual precipitation is reported as 16.90 inches.  Marina Airport 
precipitation data are compiled in Table 3-5.  For the MGSA Area (398 acres), this equates to an 
annual average precipitation input volume of 561 AFY.   

• Process water discharge – The CEMEX operation discharges saline process water to three 
infiltration ponds.  As discussed in Section 3.3.6, the total process water demand of the CEMEX 
plant is 305 AFY.  The amount of consumptive use is not known, but is assumed to be negligible 
for the purposes of this water budget; therefore, process water discharge is assumed to be 305 
AFY. 

Surface water outflows under current and historical conditions are assumed to be similar and include 
the following components: 

• Evapotranspiration – Actual ET data for the MGSA Area is available for the period from WY 2011 
to WY 2018 from the CalETa data set developed for DWR by Formation Environmental (Paul et 
al. 2018 and 2011).  The data set consists of daily evapotranspiration calculated at a resolution 
of 30 meters by analyzing Landsat satellite and climatic data using the Surface Energy Balance 
Approach.  The mean annual ET between 2010 and 2017 was 7.9 inches, for a total of 265 AFY 
from the MGSA Area.  MGSA Area ET data from WY 2010 to WY 2017 are compiled in Table 3-6.   

• Evaporation from CEMEX ponds – Evaporation from the four CEMEX ponds is estimated to be 
less than 5 AFY.    

The projected future surface water budget would include the following changes: 

• Precipitation – Precipitation is forecast to increase statewide by 2.9 percent in and after 2030 
and by 5.3 percent in and after 2070 due to climate change (DWR 2018).  Projected increases in 
the Central Coast hydrologic region are projected to be 2.8% by 2030 and 6.5% by 2070.  The 
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precipitation inflow volume is therefore forecast to increase from 512 AFY to 526 AFY in 2030 
and to 545 AFY in 2070.   

• Process water discharge – The CEMEX sand mining facility will cease operation by December 31, 
2020.  After this time, saline process water discharges to the CEMEX ponds will cease.   

• Evapotranspiration – ET is forecast to increase by approximately 6% by 2070 (SCMCGA 2020) 
due to climate change (DWR 2018).  The ET outflow volume during this time is therefore 
forecast to increase from 265 AFY to 281 AFY.   

3.3.7 GROUNDWATER INFLOW  
Regulation Requirements: 
§354.18(b) The water budget shall quantify the following, either through direct measurements or estimates based on data: 
(2) Inflow to the groundwater system by water source type, including subsurface groundwater inflow and infiltration of 

precipitation, applied water, and surface water systems, such as lakes, streams, rivers, canals, springs and conveyance 
systems.   

 
This section quantifies each of the groundwater inflow components of the supplemental water budget 
information for the MGSA Area listed in Section 3.3.5.2.  These local supplemental water budget 
components are assumed to be included in the regional water budget adopted for the Subbasin by the 
SVBGSA and this GSP.   

3.3.7.1 Historical and Current Groundwater Inflow Components 

Historical data are limited and assumed to be similar to the current water budget, as discussed in 
Section 3.3.3. Current and historical groundwater inflow components include the following: 

• Deep percolation of precipitation – Since there is no surface runoff from the MGSA Area, deep 
percolation of precipitation is equal to total precipitation minus ET.  Therefore, the deep 
percolation from precipitation under current and historical conditions is equal to 512 AFY - 265 
AFY = 247 AFY.  This is a relatively high recharge rate, and reflects the high permeability and 
recharge potential of the Dune Sand and Older Dune Sand that underlie the MGSA Area and 
area southwest of the Salinas River.  The deep percolation is assumed to contribute to the low 
TDS groundwater zone within the Dune Sand Aquifer and the 180-Foot Aquifer noted in Sections 
3.1.12 and 3.2.3. 

• Deep percolation of process water – The CEMEX ponds receive approximately 305 AFY and 
evaporation is relatively limited and expected to exceed about 5 AFY; therefore, deep 
percolation of saline CEMEX process water is assumed for current and historical purposes to be 
approximately 300 AFY.   
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• Subsurface inflow from adjacent areas.  Subsurface inflow was estimated using 1) hydraulic 
gradients derived from groundwater elevations measured on March 12, 2017,1 2) hydraulic 
conductivity values from the CEMEX model (ESA 2018, Geoscience Support Services 2017), and 
3) estimated aquifer thicknesses based on monitoring well screen intervals for the Dune Sand 
Aquifer and the 180-Foot Aquifer, and the estimated aquifer thickness of the 400-Foot Aquifer 
(Gottschalk, 2018).  For current conditions (at the approximately 2,000-foot by 8,000-foot MGSA 
Area) the calculated subsurface inflows at the MGSA Area boundaries are as follows: 

o 435 AFY in the Dune Sand Aquifer (across the eastern boundary in a seaward direction); 

o 556 AFY in the 180-Foot Aquifer (net saline groundwater flow across the western 
boundary in a landward direction2);  

o 1,333 AFY in the 400-Foot Aquifer (saline groundwater flow across the western 
boundary in a landward direction); and 

o Groundwater elevation data are insufficient to calculate groundwater inflow and 
outflow in the Deep Aquifer beneath the MGSA Area. 

• Inter-aquifer fluxes include the following:  Based on the vertical gradients measured in the 
monitoring well clusters installed in and near the MGSA Area (Table 3-7) the 180-Foot Aquifer 
receives recharge by vertical leakance from the Dune Sand Aquifer, and the 400-Foot Aquifer 
receives recharge by vertical leakance from the 180-Foot Aquifer.  The only exception occurs at 
the seaward edge of the 180-Foot Aquifer, where discharge likely occurs upward to the Pacific 
Ocean from both the Dune Sand and 180-Foot Aquifers.  Recharge to the Deep Aquifer is 
believed to occur via leakance from the 400-Foot Aquifer; however, the data are insufficient to 
assess the distribution and rate of recharge (MCWRA 2017).  The inter-aquifer fluxes have not 
been assessed through measurement or modeling.  For the purposes of this water budget, it is 
assumed that the leakance rate into and out of each aquifer is equal to the rate of recharge 
from precipitation to the Dune Sand Aquifer, or 247 AFY. 

Under current conditions groundwater flow in the vicinity of the MGSA Area in the upper aquifer system 
is generally toward or away from the Pacific Ocean, parallel to the boundary between the 180/400 Foot 
Aquifer Subbasin and the Monterey Subbasin.  Significant cross boundary inflows in the upper aquifer 
system are not anticipated based on the available data; however, the groundwater flow direction in the 
Deep Aquifer, and the potential for cross boundary inflows, is not known.   

 

 
1 Note that as discussed in Section 3.2.1.3, the magnitude of landward gradients in the 180-Foot and 400-Foot Aquifers 
increases seasonally in the summer and fall, and groundwater inflow and outflow is likely greater at this time.   
2 As discussed in Section 3.1.12, the flow in the upper, lower TDS portion of the 180-Foot Aquifer may be seaward, but this is 
offset by landward flow in the saline groundwater wedge that intrudes the aquifer from the west.   
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3.3.7.2 Projected Changes in Groundwater Inflow Components 

Recharge from deep percolation of precipitation is projected to increase (both precipitation and 
evapotranspiration will increase with precipitation increasing more than evapotranspiration) with a net 
change from the current conditions (247 AFY) to the year 2070 (264 AFY).  Recharge inflow from the 
CEMEX infiltration ponds will be eliminated at the end of 2020, decreasing inflow by 300 AFY.  As noted 
above, proposed SVBGSA Priority Management Actions and Priority Projects include in lieu recharge and 
direct recharge projects with expected benefits including “arresting the decline, or raising, groundwater 
elevations” (SVBGSA 2019).  Raising groundwater elevations in the future could change groundwater 
flow gradients, and potentially flow directions in the 180-Foot Aquifer and the 400-Foot Aquifer.  This 
would change subsurface inflows into the water budget area.  Groundwater flow directions and 
gradients will be reevaluated during the Five-Year Review, and the water budgets will be updated. 

3.3.8 OUTFLOWS FROM GROUNDWATER SYSTEM  
Regulation Requirements: 
§354.18(b) The water budget shall quantify the following, either through direct measurements or estimates based on data: 
(3) Outflows from the groundwater system by water use sector, including evapotranspiration, groundwater extraction, 

groundwater discharge to surface water sources, and subsurface groundwater outflow.  
 

This section quantifies each of the groundwater outflow components of the supplemental water budget 
for the MGSA Area listed in Section 3.3.5.2.  These supplemental water budget components are 
assumed to be included in the regional water budget adopted for the Subbasin by the SVBGSA and this 
GSP.   

3.3.8.1 Historical and Current Groundwater Outflow Components 

Historical data are limited and assumed to be similar to the current water budget, as discussed in 
Section 3.3.3.  Current and historical groundwater outflow includes the following components: 

• Groundwater pumpage  

o CEMEX well – Process water for the CEMEX operation is extracted from a well on the 
east side of the MGSA Area.  Based on the DWR well log, the well was constructed in 
1968 with seven perforated intervals from 200 to 632 feet below ground level in the 
180-Foot and 400-Foot Aquifers (included in Appendix 3-5).  The well operates 20 hours 
a day for 255 days a year, with a pumping rate of 325 gallons per minute (gpm) (HWG 
2017).  Total pumpage from the CEMEX well in the MGSA Area therefore equals 305 
AFY.  The amount of groundwater drawn by the well from each aquifer is not known. 

o MPWSP test slant well – Test pumping of the MPWSP test slant well occurred from 
April 2015 through February 2018.  From October 27, 2015, to September 21, 2017, the 
test slant well average pumping rate was 2,056 gpm, so the total extracted groundwater 
volume was approximately 5,450 AF, which would average about 2,860 AFY (HWG 
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2017).  A total volume of approximately 6,000 AF was pumped from the well for the 
entire test.  The test slant well is completed in the Dune Sand Aquifer and the 180-Foot 
Aquifer.  A small portion of the test slant well screen lies outside the MGSA Area and the 
Subbasin, as the MGSA Area and Subbasin western boundary is the mean high tide 
mark.  The test slant well extracted groundwater from the DSA and the 180-Foot Aquifer 
in a radial pattern, including saline groundwater from outside the Subbasin boundaries 
beneath the Pacific Ocean, as well as low-TDS groundwater from the inland portions of 
DSA and 180-Foot Aquifer within the Subbasin.  Specific conductance monitoring during 
the test indicates that salinity increased after the well pump was turned on, and 
decreased after it was turned off, suggesting that the amount of lower salinity 
groundwater captured by the test slant well decreases over time.  It has not been 
established how much groundwater was extracted by the test slant well from the 
Subbasin aquifers underlying the MGSA Area (including the low-TDS zone) as opposed to 
saline groundwater originating outside the Subbasin to the west.  ESA (2018) estimated 
an “Ocean Water Percentage” of approximately 90 percent using the CEMEX model 
during the first year of test slant well pumping for the full MPWSP raw water makeup 
system; however, the modeling assumed a landward gradient in the DSA.  The actual 
gradient in the DSA is seaward, so the amount of groundwater captured from the DSA 
from the inland portions of the aquifer would be larger than simulated.  The conceptual 
groundwater budget summaries presented in Table 3-10 and Table 3-11 therefore 
include alternative budgets based on an estimated 10 percent and 30 percent of the 
extracted test slant well groundwater being produced from the aquifers underlying the 
MGSA Area. 

• Subsurface outflow.  The relatively stable groundwater elevations measured in and near the 
MGSA Area since the cessation of test slant well pumping (Table 3-7, Appendix 3.D) indicate that 
subsurface outflow is approximately the same as inflow.  Based on the observed groundwater 
gradients, the following outflows are interpreted:3 

o Discharge from the Dune Sand Aquifer to the Pacific Ocean is approximately 435 AFY 
(seaward direction out of the western MGSA boundary).  This assumes vertical leakance 
from the Dune Sand Aquifer into the 180-Foot Aquifer is equal to the rate of recharge 
from precipitation.  This estimate may be refined in the future as additional data and 
the SVIHM become available.   

o Net saline groundwater discharge in a landward direction through the eastern boundary 
of the 180-Foot Aquifer is approximately 556 AFY.  This assumes vertical leakance from 
the Dune Sand Aquifer into the 180-Foot Aquifer is approximately equal to vertical 
leakance out of the 180-Foot Aquifer into the 400-Foot Aquifer.  This estimate may be 

 
3 Note that as discussed in Section 3.2.1.3, the magnitude of landward gradients in the 180-Foot and 400-Foot Aquifers 
increases seasonally in the summer and fall, and groundwater inflow and outflow is likely greater at this time.   
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refined in the future as additional data and the SVIHM become available.  Note that this 
outflow estimate is a simplified net value.  Under Ghyben-Herzberg dynamics, we would 
expect that some discharge of mixed saline and low TDS groundwater to the Pacific 
Ocean would occur in the upper portion of this aquifer; however, the screen lengths of 
the monitoring wells in the 180-Foot Aquifer do not allow evaluation of vertical 
variation in water quality or gradient directions to be resolved. 

o Landward discharge of saline groundwater from the 400-Foot Aquifer through the 
eastern MGSA Area boundary is estimated to be 1,333 AFY.  This assumes vertical 
leakance from the 180-Foot Aquifer into the 400-Foot Aquifer is approximately equal to 
vertical leakance out of the 400-Foot Aquifer into the Deep Aquifer.  This estimate may 
be refined in the future as additional data and the SVIHM become available.   

o Groundwater elevation data are insufficient to calculate groundwater inflow and 
outflow in the Deep Aquifer beneath the MGSA Area. 

Under current conditions groundwater flow in the vicinity of the MGSA Area in the upper aquifer system 
is generally toward or away from the Pacific Ocean, parallel to the boundary between the 180/400 Foot 
Aquifer Subbasin and the Monterey Subbasin.  Significant cross boundary inflows in the upper aquifer 
system are not anticipated based on the available data; however, the groundwater flow direction in the 
Deep Aquifer, and the potential for cross boundary outflows, is not known.   

3.3.8.2 Projected Changes in Groundwater Outflow Components 

Expected increases in inflow (recharge) resulting from changes in climatic conditions over the next 50 
years would result in corresponding changes in outflows.  In addition, as noted in Section 3.3.7.2, 
proposed SVBGSA Priority Management Actions and Priority Projects include in lieu recharge and direct 
recharge projects with expected benefits including “arresting the decline, or raising, groundwater 
elevations” (SVBGSA 2019).  Raising groundwater elevations in the future could change groundwater 
flow gradients, and potentially flow directions in the 180-Foot Aquifer and the 400-Foot Aquifer.  
Consequently, this could affect the rate and direction of outflows.  Groundwater flow directions and 
gradients will be reevaluated during the 5-Year Review, and the water budgets will be updated.   

When groundwater extraction from the CEMEX well ends in 2020, this outflow will be eliminated.  If the 
MPWSP project is implemented, groundwater extraction from the DSA and the 180-Foot Aquifer would 
increase.  In addition, as was noted in Section 3.2.1.3, the 400-Foot Aquifer did experience drawdown 
during test slant well pumping; therefore, the 400-Foot Aquifer would also be affected by groundwater 
extraction from the proposed MPWSP pumping.  The rate of local proposed groundwater extraction 
(17,400 AFY) would be greater than the other components of this water budget analysis, indicating 
significant regional groundwater budget changes would occur, which may affect ET outflow to GDEs and 
interaction with the Salinas River.  Evaluating the potential effects of this proposed groundwater 
extraction on the MGSA Area and regional water budgets would require the development of a refined 
local groundwater flow, solute transport, and density-driven flow model.  As discussed in Chapter 6, 
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MCWD GSA plans to develop such a model to evaluate the local groundwater flow, water budgets, 
seawater intrusion and water quality effects to support preparation of its GSP.  MGSA will review the 
results of this analysis and update this GSP as appropriate.  

3.3.9 CHANGE IN GROUNDWATER STORAGE  
Regulation Requirements: 
§354.18(b) The water budget shall quantify the following, either through direct measurements or estimates based on data: 
(4) The change in the annual volume of groundwater in storage between seasonal high conditions. 

 
During the test slant well test, groundwater elevations noticeably declined in the Dune Sand and 180-
Foot Aquifer near the test slant well in the MGSA Area as groundwater was removed from storage 
during the pumping test between April 2015 and February 2018.  Groundwater elevations declined by 
approximately 8 feet in MW-1S and MW-1M, and by 3 feet in MW-3S and MW-3M, but recovered 
relatively quickly to pre-pumping conditions after the long-term test was discontinued, and have 
remained relatively stable since then.  The observed seasonal groundwater elevation fluctuation 
increases with aquifer depth, and averages approximately 0 to 4 feet in the Dune Sand Aquifer, 1.5 to 10 
feet in the 180-Foot Aquifer, and 10 to 24 feet in the 400-Foot Aquifer, indicating a seasonal storage 
change that is consistent with regional recharge and pumping patterns.  However, the available 
groundwater elevation data (2015 to present) suggest that there is no long-term inter-annual change in 
storage between seasonal high conditions.  Thus, although the Subbasin as a whole has experienced a 
significant decrease in groundwater storage as described in Section 3.2.2, and the MGSA Area 
experienced a short-term decline in storage due to the 3-year test slant well test, based on available 
monitoring data since 2015, the groundwater storage beneath the MGSA Area does not appear to be 
decreasing at the present.  This implies that conditions at the seaward edge of the saline intrusion front 
in the Subbasin are relatively stable; however, significant changes in groundwater pumping in this area 
could upset this equilibrium and have both local and inland implications for future seawater intrusion.   
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3.3.10 SUMMARY OF SUPPLEMENTAL MGSA AREA WATER BUDGETS 
Regulation Requirements: 
For current water budgets: 
§354.18 (c) Each Plan shall quantify the current, historical, and projected water budget for the basin as follows:  
 (1) Current water budget information shall quantify current inflows and outflows for the basin using the most recent 

hydrology, water supply, water demand, and land use information.  
(d) The Agency shall utilize the following information provided, as available, by the Department pursuant to Section 353.2, or 

other data of comparable quality, to develop the water budget:  
 (2) Current water budget information for temperature, water year type, evapotranspiration, and land use.  
For historical water budgets: 
§354.18 (c) Each Plan shall quantify the current, historical, and projected water budget for the basin as follows:  
 (2) Historical water budget information shall be used to evaluate availability or reliability of past surface water supply 

deliveries and aquifer response to water supply and demand trends relative to water year type. The historical water 
budget shall include the following:  

    (A) A quantitative evaluation of the availability or reliability of historical surface water supply deliveries as a function of 
the historical planned versus actual annual surface water deliveries, by surface water source and water year type, and 
based on the most recent ten years of surface water supply information.  

    (B) A quantitative assessment of the historical water budget, starting with the most recently available information and 
extending back a minimum of 10 years, or as is sufficient to calibrate and reduce the uncertainty of the tools and 
methods used to estimate and project future water budget information and future aquifer response to proposed 
sustainable groundwater management practices over the planning and implementation horizon.  

    (C) A description of how historical conditions concerning hydrology, water demand, and surface water supply availability 
or reliability have impacted the ability of the Agency to operate the basin within sustainable yield. Basin hydrology may 
be characterized and evaluated using water year type.  

(d) The Agency shall utilize the following information provided, as available, by the Department pursuant to Section 353.2, or 
other data of comparable quality, to develop the water budget:  

 (1) Historical water budget information for mean annual temperature, mean annual precipitation, water year type, and land 
use.  

For projected water budgets: 
§354.18 (c) Each Plan shall quantify the current, historical, and projected water budget for the basin as follows:  
 (3) Projected water budgets shall be used to estimate future baseline conditions of supply, demand, and aquifer response to 

Plan implementation, and to identify the uncertainties of these projected water budget components. The projected 
water budget shall utilize the following methodologies and assumptions to estimate future baseline conditions 
concerning hydrology, water demand and surface water supply availability or reliability over the planning and 
implementation horizon:  

    (A) Projected hydrology shall utilize 50 years of historical precipitation, evapotranspiration, and streamflow information as 
the baseline condition for estimating future hydrology. The projected hydrology information shall also be applied as the 
baseline condition used to evaluate future scenarios of hydrologic uncertainty associated with projections of climate 
change and sea level rise.  

    (B) Projected water demand shall utilize the most recent land use, evapotranspiration, and crop coefficient information as 
the baseline condition for estimating future water demand. The projected water demand information shall also be 
applied as the baseline condition used to evaluate future scenarios of water demand uncertainty associated with 
projected changes in local land use planning, population growth, and climate.  

    (C) Projected surface water supply shall utilize the most recent water supply information as the baseline condition for 
estimating future surface water supply. The projected surface water supply shall also be applied as the baseline 
condition used to evaluate future scenarios of surface water supply availability and reliability as a function of the 
historical surface water supply identified in Section 354.18(c)(2)(A), and the projected changes in local land use 
planning, population growth, and climate.  

(d) The Agency shall utilize the following information provided, as available, by the Department pursuant to Section 353.2, or 
other data of comparable quality, to develop the water budget:  

 (3) Projected water budget information for population, population growth, climate change, and sea level rise.   
 
The following sections present a summary of the supplemental water budgets for the MGSA Area.  This 
information is presented as a supplement to the regional water budget developed for the Subbasin by 
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SVBGSA to support development of a locally focused GSP within the Subbasin for the MGSA Area.  The 
water budget information presented should be considered preliminary, and is subject to the 
assumptions and limitations discussed in the preceding sections.  Together with the regional water 
budget, it is intended to fulfill the requirements of 23 CCR § 354.18 and support achievement and 
maintenance of the sustainability goals identified in this GSP.  The water budget was developed based 
on the data and tools available at this time.  During GSP implementation, the water budget will be 
updated as needed, and as new data and tools become available, in collaboration with SVBGSA and 
MCWD GSA.  SVBGSA will use the SVIHM when it is released to evaluate regional water budgets and 
surface-groundwater interaction.  MCWD GSA proposes to develop a locally refined groundwater flow 
model that is able to simulate solute transport and density-driven flow.  As discussed in Chapters 6 and 
7, MGSA will review the results of these efforts and collaborate with SVBGSA and MCWD GSA to update 
the local and regional water budgets presented in this GSP. 

3.3.10.1 Summary of Surface Water Budget 

The surface water budget summarized below in Table 3-8 is representative of both historical and current 
conditions.  Inflows and outflows were calculated for years that data for all components were available.  
The limiting factor was evapotranspiration, for which data were available for WY 2011 through WY 2018 
(Table 3-6).  Precipitation data were available for 1995 through 2018 (Table 3-5), but only the data from 
WY 2011 to WY 2018 were used.   

Although the period for which sufficient information was available to calculate supplemental water 
budgets for the MGSA Area is limited, the four years do cover one below average year which was 
preceded by two drought years (2015), two years with above average precipitation (2016 and 2017), and 
one below average year (2018).  The precipitation during these years was 14.25, 21.21, 21.99, and 12.55 
inches of rain, respectively, compared to a 24-year average of 16.86 inches.  Thus, especially the surface 
water budgets provide some perspective on climatic variability and its influence on the water budget.   

TABLE 3-8.  SUMMARY OF CURRENT AND HISTORICAL SURFACE WATER BUDGET 

Surface Budget Component  Annual 
Minimum 

Annual 
Maximum 

Annual 
Average 

Average % 
(rounded) 

Inflows (acre-feet per year) 

Precipitation (2011 to 2018) 309 763 512 63% 
Discharge of process water to CEMEX Ponds 305 305 305 37% 

Total Inflow 817   

Outflows (acre-feet per year) 
Evapotranspiration (2011 to 2018) 215 318 265 32% 
Deep Percolation of Precipitation  94 (2014) 454 (2017) 247 30% 
Percolation of CEMEX Pond discharge 300 300 300 37% 

Evaporation of CEMEX Pond discharge 5 5 5 1% 

Total Outflow 817   
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The projected future surface water budget through 2070 is presented in Table 3-9.  Projected future 
changes include an increase in precipitation and ET, as well as cessation of CEMEX operations and 
restoration of the ponds, as discussed in Section 3.3.6.  As shown in below, deep percolation to 
groundwater is projected to increase slightly during this time period.  No changes to the surface water 
budget within the MGSA Area are anticipated if the MPWSP is implemented; however, drawdown could 
decrease the amount of surface water discharge via ET or to the Salinas River.   

TABLE 3-9.  SUMMARY OF PROJECTED FUTURE SURFACE WATER BUDGET 

Surface Water Budget Component  Current 
Average 

2030 
Projection 

2070 
Projection 

Inflows (acre-feet per year) 

Precipitation  512 526 545 
Discharge of process water to CEMEX Ponds 305 0 0 
Total Inflows 817 526 545 
Outflows (acre-feet per year)       

Evapotranspiration 265 273 281 
Deep Percolation of Precipitation  247 253 264 
Percolation of CEMEX Pond discharge 300 0 0 
Evaporation of CEMEX Pond discharge 5 0 0 

Total Outflow 817 526 545 
 

3.3.10.2 Summary of Current Groundwater Budget Supplement 

To provide perspective into the current and historical local groundwater budget components, and 
insight into and how they may change in the future, the following conceptual water budgets were 
prepared.   

• Table 3-10 presents a water budget based on the assumption that 10 % of the groundwater 
produced by the test slant well was pulled into the well from the aquifers underlying the MGSA 
Area (as opposed to saline groundwater originating from outside the Subbasin Boundary to the 
west, which is not included in this water budget assessment).  Although this groundwater would 
have been extracted from both the DSA and the 180-Foot Aquifer, because of the seaward 
gradient in the DSA, all of the extraction was assigned to the DSA.   

• Table 3-11 presents a water budget based on the assumption that 30 % of the groundwater 
produced by the test slant well was pulled into the well from the aquifers underlying the MGSA 
Area (as opposed to saline groundwater originating from outside the Subbasin Boundary to the 
west, which is not included in this water budget assessment).  Although this groundwater would 
have been extracted from both the DSA and the 180-Foot Aquifer, because of the seaward 
gradient in the DSA, all of the extraction was assigned to the DSA.   
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• Table 3-12 presents a WY 2018 water budget for summarizing conditions after the cessation of 
test slant well pumping.   

A graphical representation of these water budget supplement is presented as Figure 3-40.  The 
evaluation of different assumptions regarding the percentage of groundwater that is extracted from 
aquifers within the Subbasin indicates that during test slant well pumping, much of the inflow into the 
DSA from the landward side of the MGSA Area was captured by the test slant well, and the amount of 
inflow captured increased with the proportion of groundwater that the well extracted from the 
Subbasin Aquifers.  The actual amount of groundwater produced from the aquifers within the Subbasin 
vs. saline groundwater west of the Subbasin and infiltrating seawater cannot be adequately evaluated 
without a suitable groundwater flow model that can simulate solute transport and density driven flow, 
and may be different from the above assumptions.   

Development of a future groundwater budget also is not possible without a refined groundwater flow 
model; however, the above conceptual water budgets provide useful perspective.  Given that the 
proposed extraction rate for the MPWSP, if implemented, would be approximately 17,400 AFY, it is 
readily apparent that even if only a small percentage were derived from the aquifers underlying the 
MGSA Area and the Subbasin, the local groundwater budget would be significantly changed.  A large 
volume of groundwater would be removed from the DSA as well as the 180-Foot Aquifer.  At the same 
time, a large amount of seawater would be drawn in to replace the aquifer water that is removed from 
storage.  The analysis underscores the need for locally refined groundwater model that can simulate 
both solute transport and density-driven flow. 
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TABLE 3-10.  WY 2017 CONCEPTUAL GROUNDWATER BUDGET WITH TEST SLANT WELL 10 PERCENT AQUIFER CAPTURE  

Groundwater Budget Component  WY2017 Average %  Basis and Assumptions 
Inflows (acre-feet per year) 

Recharge from Precipitation 454 15% WY 2017 precipitation minus evapotranspiration. 
Recharge from CEMEX Ponds 300 10% 305 AFY minus nominal evaporation and other losses. 
Subsurface Inflow into Dune Sand Aquifer 
(DSA) 

435 14% Calculated using 3/12/2017 gradient, average screen length, CEMEX model 
hydraulic conductivity, and transverse length of MGSA. 

Subsurface Inflow into 180-Foot Aquifer  657 21% Equals outflow plus 1/3 CEMEX well pumping volume. 
Subsurface Inflow into 400-Foot Aquifer  1,537 50% Equals outflow plus 2/3 CEMEX well pumping volume. 
Total Inflow 3,383     

    
Outflows (acre-feet per year) 
Pumping CEMEX Well 305 10% Reported annual CEMEX pumping from HWG 2017 
Pumping Test Slant Well 

Groundwater Extraction from Dune 
Sand Aquifer (Assumed to be 10% of 
extraction rate) 

286 9% Assumed 10 % of extracted water is derived from Subbasin aquifers.  Actual rates 
may be different than assumed.  DSA accounts for 45% of well transmissivity; 
however, because the gradient is seaward in March 2017, most of the captured 
aquifer water would be from this aquifer.  Therefore, assumed all of slant well 
aquifer water contribution derives from this aquifer. 

Groundwater Extraction from the 
180-Foot Aquifer   

0 0% Accounts for 55% of well transmissivity; however, gradient is landward in March 
2017.  Therefore, assumed no aquifer water contribution from this aquifer to 
slant well pumping.   

Subsurface Outflow Dune Sand Aquifer  740 24% Equals inflow plus recharge from precipitation plus recharge from CEMEX ponds, 
minus test slant well extraction minus leakance to Deep Aquifer. 

Subsurface Outflow 180-Foot Aquifer 556 18% Calculated using 3/12/2017 gradient, average screen length, CEMEX model 
hydraulic conductivity, and transverse length of MGSA. 

Subsurface Outflow 400-Foot Aquifer 1,333 43% Calculated using 3/12/2017 gradient, aquifer thickness from Gottschalk et al., 
2018, CEMEX model hydraulic conductivity, and transverse length of MGSA. 

Subsurface Leakance to Deep Aquifer 163 5% Steady state leakance to Deep Aquifer (assumed equal to recharge from 
precipitation) minus test slant well aquifer capture volume. 

Total Outflow 3,383 
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TABLE 3-11.  WY 2017 CONCEPTUAL GROUNDWATER BUDGET WITH TEST SLANT WELL 30 PERCENT AQUIFER CAPTURE 

Groundwater Budget Component  WY2017 Average %) Basis and Assumptions 
Inflows (acre-feet per year) 

Recharge from Precipitation 454 15% WY 2017 precipitation minus evapotranspiration. 
Recharge from CEMEX Ponds 300 10% 305 AFY minus nominal evaporation and other losses. 
Subsurface Inflow into Dune Sand Aquifer 
(DSA) 

435 14% Calculated using 3/12/2017 gradient, average screen length, CEMEX model hydraulic 
conductivity, and transverse length of MGSA. 

Subsurface Inflow into 180-Foot Aquifer  657 21% Equals outflow plus 1/3 CEMEX well pumping volume. 
Subsurface Inflow into 400-Foot Aquifer  1,537 50% Equals outflow plus 2/3 CEMEX well pumping volume. 
Total Inflow 3,383     

    
Outflows (acre-feet per year)       
Pumping CEMEX Well 305 10% Reported 305 AFY annual CEMEX pumping 
Pumping Test Slant Well 

Groundwater Extraction from Dune 
Sand Aquifer (Assumed to be 10% of 
extraction rate) 

858 28% HWG OWP estimate assumed landward gradient in DSA; therefore, a lower OWP 
(higher aquifer water capture percentage) is a reasonable assumption.  Actual rates 
may be different than the assumed 30%.  DSA accounts for 45% of well transmissivity; 
however, because the gradient is seaward in March 2017, most of the captured aquifer 
water would be from this aquifer.  Therefore, assumed all of slant well aquifer water 
contribution derives from this aquifer. 

Groundwater Extraction from the 
180-Foot Aquifer   

0 0% Accounts for 55% of well transmissivity; however, gradient is landward in March 2017.  
Therefore, assumed no aquifer water contribution from this aquifer to slant well 
pumping.   

Subsurface Outflow Dune Sand Aquifer  331 11% Equals inflow plus recharge from precipitation plus recharge from CEMEX ponds, minus 
test slant well extraction minus leakance to Deep Aquifer. 

Subsurface Outflow 180-Foot Aquifer 556 18% Calculated using 3/12/2017 gradient, average screen length, CEMEX model hydraulic 
conductivity, and transverse length of MGSA. 

Subsurface Outflow 400-Foot Aquifer 1,333 43% Calculated using 3/12/2017 gradient, aquifer thickness from Gottschalk et al., 2018, 
CEMEX model hydraulic conductivity, and transverse length of MGSA. 

Subsurface Leakance to Deep Aquifer 0 0% Steady state leakance to Deep Aquifer (assumed equal to recharge from precipitation) 
minus test slant well aquifer capture volume. 

Total Outflow 3,383 
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TABLE 3-12.  WY 2018 CONCEPTUAL GROUNDWATER BUDGET 

Groundwater Budget Component  WY2018 
(Acre-Feet) 

Average % 
(rounded) 

Inflows (acre-feet per year) 

Recharge from Precipitation 98 18% 

Recharge from CEMEX Ponds 300 9% 

Subsurface Inflow into Dune Sand Aquifer 500 12% 

Subsurface Inflow into 180-Foot Aquifer 1,059 19% 

Subsurface Inflow into 400-Foot Aquifer 1,032 41% 

Total Inflow 2,989   

Outflows (acre-feet per year) 

Pumping CEMEX Well 305 9% 

Subsurface Outflow Dune Sand Aquifer 500 12% 

Subsurface Outflow 180-Foot Aquifer 1,059 19% 

Subsurface Outflow 400-Foot Aquifer 1,032 41% 

Subsurface Leakance to Deep Aquifer 93 18% 

Total Outflow 2,989   

Change in Storage (acre-feet per year)  0    

 

Groundwater flow in the vicinity of the MGSA Area in the upper aquifer system is generally toward or 
away from the Pacific Ocean, parallel to the boundary between the 180/400 Foot Aquifer Subbasin and 
the Monterey Subbasin.  Significant cross boundary outflows in the upper aquifer system are not 
anticipated based on the available data; however, the groundwater flow direction in the deep aquifer, 
and the potential for cross boundary outflows, is not known.   

3.3.10.3 Summary of Historical Groundwater Budget Supplement 

Due to a lack of local groundwater elevation data prior to 2015, it was not possible to prepare a 
complete local historical groundwater budget to supplement the regional historical groundwater budget 
prepared by SVBGSA.  However, as discussed in Section 3.3.3, for planning purposes, it is reasonable to 
assume that the historic water budget for the MGSA Area is similar to the current WY 2018 water 
budget, as there has not been a significant change in land use or groundwater development within the 
MGSA Area for decades, with exception of the recent test slant well pumping.   

3.3.10.4 Summary of Projected Groundwater Budget Supplement 

The projected surface water budget presented in Table 3-11 indicates that recharge from precipitation 
may be expected to increase slightly over the next 50 years.  Several in lieu recharge projects are 
planned to be implemented in the portions of the basin located east of the MGSA Area, and are 
projected to lead to an increase in local groundwater elevations by several feet in the 180-Foot and 400-
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Foot Aquifers (Chapter 6).  However, sea level is projected to rise by approximately 17 inches during this 
time period, increasing the driver for seawater inflow into the saline groundwater wedge underlying the 
MGSA Area and its vicinity.  This will at least partially offset the gains from additional recharge and 
groundwater elevation rise in the area.  The effects of sea level rise on the local water budget and saline 
wedge intrusion will be evaluated during GSP implementation once a model capable of simulating 
density-driven flow is developed by MCWD GSA. 

Pumping of the CEMEX well is expected to cease in December 2020 or, at the latest in December 2024, 
when CEMEX removes the well, resulting in the in lieu recharge of approximately 300 AFY of 
groundwater to the 180-Foot and 400-Foot Aquifers, and the loss of approximately 300 AFY of 
groundwater recharge to the DSA from saline water discharged to the CEMEX percolation ponds, which 
will be restored.  The partitioning of extraction from the CEMEX well between the 180-Foot and 400-
Foot Aquifers, and whether any low-TDS groundwater is currently being withdrawn from this well, is not 
known.   

The proposed pumping of 17,400 AFY of feed water for the MPWSP, if permitted and implemented, 
would extract saline groundwater from beneath the ocean and saline as well as low-TDS groundwater 
from the Dune Sand and 180-Foot Aquifers in the Subbasin.  In the Monterey Subbasin, groundwater 
demand from the Deep Aquifer by MCWD to supply the City of Marina is expected to increase as 
discussed in Chapter 2; however, the increase is projected to be within MCWD’s allocated pumping 
rights.  Given that land use in the MGSA Area is designated as open space and conservation land use, 
other significant land use and groundwater demand changes are not anticipated.   

As described in Sections 3.3.2 and 3.3.11, several key data elements needed to evaluate the water 
budget effects of the above climatic, in-lieu recharge and groundwater extraction changes are not 
available at this time.  The available data are insufficient for the evaluation of water budgets for the 
Deep Aquifer at this time; however, groundwater extraction from the Deep Aquifer is not anticipated in 
the MGSA Area.  For the upper aquifer system (the Dune Sand, 180-Foot, and 400-Foot Aquifers), data 
gaps include the relatively short period of available groundwater elevation monitoring data, interaction 
of existing and proposed wells with the aquifer system, vertical flow and leakance rates, and the 
dynamics of density-driven flow of saline groundwater.   

The MGSA Area is relatively small and included within the existing regional groundwater budget 
developed for the Subbasin by SVBGSA, and future groundwater development focuses primarily on a 
single large project.  Given these facts, reliance of the existing regional water budget as augmented 
above is an appropriate and adequate basis for implementation of the sustainable management criteria, 
monitoring program and management actions described in Chapters 4, 5 and 6, respectively.  A locally 
refined groundwater flow model that is able to simulate solute transport and density-driven flow is 
currently under consideration by MCWD GSA for the area that includes their GSA boundaries and the 
surrounding region, including the MGSA Area and beyond.  MGSA will collaborate with and review these 



CHAPTER 3 – BASIN SETTING 
Groundwater Sustainability Plan 
for the City of Marina GSA Area of the 180/400 Foot Aquifer Subbasin January 2020 

 

3-72 

studies, and update the HCM, sustainable management criteria, monitoring networks and management 
actions in this GSP to assure the sustainability goals are met.     

3.3.10.5 WATER YEAR TYPES ASSOCIATED WITH THE WATER BUDGET 

Regulation Requirements: 
§354.18(b) The water budget shall quantify the following, either through direct measurements or estimates based on data: 
(6) The water year type associated with the annual supply, demand, and change in groundwater stored.   

 
Although the period for which sufficient information was available to calculate supplemental water 
budgets for the MGSA Area, the four years analyzed do cover one below average year which was 
preceded by two drought years (2015), two years with somewhat above average precipitation (2016 and 
2017), and one below average year (2018).  The precipitation during these years was 14.25, 21.21, 
21.99, and 12.22 inches of rain, respectively, compared to a 24-year average of 16.86 inches.   

The CEMEX well was operating during the WY 2015 to WY 2018 period.  The test slant well was also 
pumping during the majority of this period.   Therefore, demand was effectively constant and did not 
change with water year type.   

The MPWSP monitoring wells east of the MGSA Area (especially the shallow wells completed in the 
Dune Sand Aquifer) did not show a direct response to Slant Well pumping during the water budget 
period; therefore, these wells are suitable for evaluating the climatic (dry-, normal-, and wet-year) and 
extraction-related groundwater elevation trends during the supplemental water budget period of 
record.  Review of the five shallow monitoring wells located east of the MGSA Area (Appendix 3.D) 
indicates there is a general upward trend (increasing water elevations) from April 2015 to April 2019.  
Groundwater elevation trends in wells MW-7S, MW-8S and MW-9S were evaluated for the period from 
April 2016 to April 2019.  Groundwater elevations generally increased at MW-7S, were stable in MW-8S, 
and appeared to decline slightly in MW-9S.  The available data generally reflect a slight increase in 
groundwater elevations and storage during the transition from a year with below average precipitation 
at the end of a drought in WY 2015, to two years with above average precipitation in WY 2016 and WY 
2017.  Groundwater gradients calculated from the Dune Sand Aquifer March 2017 groundwater level 
map (during a wet year and pumping of the pilot slant well) and April 2018 groundwater level map 
(during a dry year and after the pilot slant well was shutdown) were similar.  In addition, the gradient 
directions remained similar during the fall of each year; however, the magnitudes of the landward 
gradients in the 180- and 400-Foot Aquifers increased in the summer and fall. 

3.3.11  UNCERTAINTIES IN SUPPLEMENTAL MGSA AREA WATER BUDGET INFORMATION 
The level of accuracy and certainty is highly variable between water budget components.  The water 
budget uncertainty will be reduced over time as the GSP monitoring programs are implemented and the 
resulting data are used to check and improve the water budgets.  Refinement of the water budget will 
be performed in collaboration with SVBGSA and MCWD GSA as necessary, or as required to implement 
management actions described in Chapter 6.   
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• Groundwater elevation data – The period of record for groundwater elevation data is relatively 
short and is limited to four years from 2015 through 2019.  This prevents development of a 
quantified historical groundwater budget to supplement the regional historical water budget in 
this area; however, based on the available data, it is reasonable to infer for planning purposes 
that historical conditions were likely similar to current conditions. 

• Deep Aquifer water elevation data – There are no Deep Aquifer wells in the MGSA Area, and a 
minimum of three would be needed to estimate a groundwater gradient for water budget 
calculations.  Regional data are insufficient to interpolate groundwater flow directions in the 
Deep Aquifer due to its thickness and heterogeneous nature, and relative paucity of wells. 

• Deep Aquifer recharge and characteristics – The hydrologic characteristics of the Deep Aquifer 
and the overlying 400-Foot/Deep Aquitard have not been well characterized and as a result 
recharge to and flow within this aquifer is uncertain.   

• Vertical leakance – The vertical leakance between aquifers is not known and is assumed to be 
equal to recharge at the ground surface.   

• Slant well pumping – The amount of landward saline and low TDS groundwater from the 
Subbasin aquifers captured by test slant well pumping is not known.  A large portion of the 
groundwater pumped by the test slant well was saline groundwater originating from beneath 
the ocean outside the western boundary of the Subbasin; however, a significant volume of 
saline and low-TDS groundwater was also withdrawn from the aquifers within the Subbasin 
underlying the MGSA Area and its vicinity.  The MPWSP test slant well salinity data and 
groundwater elevations in the DSA indicate that some groundwater was derived from a low-TDS 
groundwater source in the Dune Sand and 180-Foot Aquifer.  Conceptual water budgets are 
provided assuming 10 percent of the test slant well groundwater was captured Subbasin 
groundwater, and 30 percent of the test slant well groundwater was captured Subbasin 
groundwater; however, the actual percentage of Subbasin groundwater extracted from the 
Subbasin by the test slant well is not known.   

• CEMEX well pumping – The CEMEX well is completed in both the 180-Foot Aquifer and the 400-
Foot Aquifer, and it is not clear what fraction of the groundwater produced by the well 
originates from each aquifer.  Without this information, it is not possible to predict the effect 
that the planned shut-down of this well at the end of 2020 will have on the low-TDS zone in the 
Dune Sand Aquifer and the 180-Foot Aquifer. 

• Local groundwater and density-driven flow model – A groundwater model that can simulate 
solute transport and density-driven flow, and that incorporates the heterogeneity of the aquifer 
system in the Marina area is not available at this time.  As such, the potential impacts of a high 
rate of groundwater extraction in the MGSA Area, such as by the proposed MPWSP, on the local 
water budget, water quality and seawater intrusion cannot be adequately evaluated.  Prior to 
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initiating rates of groundwater extraction that are substantially higher than historical rates, 
there would be a need for a locally refined groundwater flow model that is able to simulate 
solute transport and density-driven flow.  MCWD GSA is currently planning to conduct such 
studies for the area that includes their GSA boundaries and the surrounding region, including 
the MGSA Area and beyond.  MGSA will collaborate with and review these studies, and update 
the HCM, sustainable management criteria, monitoring networks and management actions in 
this GSP to assure the sustainability goals are met.   

3.3.12 QUANTIFICATION OF OVERDRAFT  
Regulation Requirements: 
§354.18(b) The water budget shall quantify the following, either through direct measurements or estimates based on data: 
(5) If overdraft conditions occur, as defined in Bulletin 118, the water budget shall include a quantification of overdraft over 
a period of years during which water year and water supply conditions approximate average conditions.  

 
The 180/400 Foot Aquifer Subbasin (Subbasin) is subject to seawater intrusion due largely to long-term 
groundwater extraction in the inland portions of the Subbasin in excess of the sustainable yield, and has 
been identified by the Department of Water Resources as being in a critical condition of overdraft (DWR 
2016a).  In keeping with the objectives of this GSP to support regional efforts that address this overdraft 
condition by supporting the projects and management actions that will be implemented by SVBGSA 
under its regional GSP, this section provides an assessment of local overdraft conditions.   

The available data to support evaluation of the existing water budget are limited to the time period after 
2015.  During this time, groundwater elevations declined near the test slant well located on the west 
side of the MGSA Area during the long-term pumping test from April 2015 to February 2018, and then 
recovered.  The groundwater quality and level monitoring data indicates that some groundwater from 
the low-TDS zone in the DSA and 180-Foot Aquifer was drawn into the test slant well from the east; 
however, the data are insufficient to determine whether there was a significant and unreasonable 
impact to these resources during the test time period, and whether the saline groundwater intrusion 
wedge advanced inland or thickened as a result.   

In the absence of the test slant well pumping test, it would be expected that the saline groundwater 
intrusion wedge and low TDS groundwater zone currently exist in a relative state of equilibrium since 
there have been no land use changes that would cause a change in recharge or groundwater pumping 
near the MGSA Area.  The CEMEX well may have contributed to seawater intrusion historically; 
however, conditions in the nearshore environment were likely stable as of the adoption of SGMA in 
early 2015.  The recovery of groundwater elevations to pre-slant well test elevations shortly after the 
test suggests the MGSA Area is not currently being overdrafted, and that groundwater conditions are 
relatively stable.  As such, there is no evidence that current activities in the MGSA Area are contributing 
to the critical conditions of overdraft that are driving seawater intrusion in the inland areas.  
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The proposed implementation of the MPWSP could change the local water budget and has the potential 
to impact GDEs, reduce groundwater storage in the low-TDS groundwater zone, induce seawater 
intrusion and cause groundwater quality degradation.  As such, it has the potential to create a future 
overdraft condition locally and to contribute to regional overdraft conditions.  The sustainable 
management criteria, monitoring program and management actions described in Chapters 4, 5 and 6 
are intended to identify and address any overdraft in the MGSA Area (from any cause) before it results 
in significant and unreasonable impacts. 

3.3.13 ESTIMATE OF SUSTAINABLE YIELD  
Regulation Requirements: 
§354.18(b) The water budget shall quantify the following, either through direct measurements or estimates based on data: 
(7) An estimate of sustainable yield for the basin. 

 
Regionally, based on a water budget analysis, SVBGSA has estimated the historical sustainable yield of 
the Subbasin as 96,950 AFY and the long-term projected sustainable yield as 112,000 AFY (SVBGSA 
2019).  SVBGSA states this is an estimate only, and that the sustainable yield estimate for the Subbasin 
will be modified and updated as more data are collected and more analyses are performed, including 
evaluation of the SVIHM, which is expected to be released in late 2020.  This GSP adopts the regional 
sustainable yield as estimated for the 180/400 Foot Aquifer Subbasin in SVBGSA’s GSP (SVBGSA 2019).   

As described further in Chapter 4, locally, the contribution to the sustainable yield from groundwater 
extraction in the MGSA Area is the amount of groundwater that can be withdrawn annually over a 
period of time without causing undesirable results within or near the MGSA Area.  Undesirable results 
include, but may not be limited to, the following significant and unreasonable impacts beyond a 2015 
baseline condition: 

• Chronic groundwater level decline in the DSA that adversely effects GDEs; 

• Further seawater intrusion into the Dune Sand, 180-Foot, 400-Foot, and/or Deep Aquifers; or 

• Degradation of the low TDS groundwater zone within the Dune Sand, 180-Foot and/or 400-Foot 
Aquifers. 

Pumping of saline groundwater from the CEMEX well (possibly including a mix of saline and low-TDS 
groundwater from the 180-Foot and 400-Foot Aquifers) has been ongoing since the 1960’s at a rate of 
approximately 300 AFY.  Although it is not known if this pumping contributed to historical seawater 
intrusion in the area, the available data suggest this level of pumping currently coexists with a stable 
distribution of water quality and groundwater elevations in the area, and is therefore sustainable 
relative to SGMA’s 2015 baseline and the regional sustainable yield estimate.   

Water quality trends and groundwater elevations during test slant well pumping at a rate of 2,860 AFY 
from April 2015 to February 2018 indicate that low TDS groundwater (< 3,000 mg/L TDS) from the inland 
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portion of the Dune Sand and 180-Foot Aquifers was likely being captured during the test, and that the 
equilibrium between the saline groundwater wedge and low TDS groundwater zone within and east of 
the MGSA Area may have been at least temporarily affected.  ET from nearby GDEs decreased 
significantly during this test, due to a combination of drawdown and drought conditions.  The ET from 
this GDE has since recovered, but it is not known whether vegetative stress resulted in longer-term 
changes to the habitat community composition or quality.  For these reasons, without additional data 
and modeling tools, it is not possible to assess whether continued pumping at the rate of the test slant 
well would be sustainable in the long term.  If the MPWSP is fully approved and implemented, the 
proposed increased source water pumping rate of 17,400 AFY would have a greater effect on the local 
groundwater budget, potentially further stressing sustainability indicators including groundwater level 
decline (and impacts to GDEs), water quality degradation and seawater intrusion.   

As discussed further in Chapters 5 and 6, water quality monitoring will be conducted and trigger 
thresholds are established in this GSP for management actions to require further assessment and 
corrective action (as appropriate) to help assure protection of GDEs, prevention of further seawater 
intrusion, and prevention of groundwater quality degradation.  The required assessments described in 
Chapter 6 would aid in the refinement of the estimate of the local contribution to sustainable yield 
beyond the current rate of 300 AFY, and corrective actions would be implemented as needed to prevent 
the occurrence of undesirable results.   

3.4 WATER SUPPLY AVAILABILITY FOR AUGMENTATION  
There are currently no alternative sources of water supply within the MGSA Area.  If future development 
in the MGSA Area were to require a potable water supply, annexation of the MGSA Area into MCWD 
could be considered.  

3.5 MANAGEMENT AREAS  
Regulation Requirements: 
§354.20 (a) Each Agency may define one or more management areas within a basin if the Agency has determined that 
creation of management areas will facilitate implementation of the Plan. Management areas may define different minimum 
thresholds and be operated to different measurable objectives than the basin at large, provided that undesirable results are 
defined consistently throughout the basin.   

 
There are no management areas within the MGSA Area. 
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FIGURE 3-2
City of Marina GSA Area

Legend
City of Marina City Limits
City of Marina GSA (MGSA) Area

  

  

Sources: ESRI Map Service Imagery, 
https://sgma.water.ca.gov/portal/gsa,
https://montereycountyopendata-
12017-01-13t232948815z-
montereyco.opendata.arcgis.com, 
SVBGSA 2020
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FIGURE 3-3
Depth to Base of 180/400 Foot Subbasin

  

  

Taken from SVBGSA 2020
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FIGURE 3-4
Topography of the 180/400 Foot Subbasin
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Sources: ESRI Map Service Imagery, 
https://sgma.water.ca.gov/portal/gsa,

USGS Digital Elevation Model, SVBGSA 2020
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FIGURE 3-5
180/400 Foot Subbasin Surface Water Bodies

Legend
Rivers and Streams
180/400 Foot Aquifer
Subbasin

  

  

Sources: ESRI Map Service Imagery, https://sgma.water.ca.gov/portal/gsa, National Hydrology Dataset
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FIGURE 3-6
Geologic Map of the 180/400 Foot Subbasin

  

  

Taken from SVBGSA 2020
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FIGURE 3-7
Legend for the Geologic Map of the 180/400 Foot Subbasin

  

  

Taken from SVBGSA 2020
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FIGURE 3-8
Surficial Geology of the MGSA Area
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Sources: ESRI Map Service Imagery, 
https://sgma.water.ca.gov/portal/gsa,

Department of Conservation,
California Geological Survey



W

BbC

Cm

Cg

OaD

OaD
BbC

BbC

Df

\\s
a\m
\M
ari
na
\G
IS\
Fo
rm
ati
on
La
ye
rs\
MX
D\
Ch
ap
ter
3\F
ig3
-09
_S
oil
Ma
pM
GS
A.m
xd

DATE: DEC. 30, 2019

0 0.5 1

Mile s

±

Groundwater Sustainability Plan for the City of Marina GSA Area of the 180/400 Foot Aquifer Subbasin

FIGURE 3-9
Surficial Soils of the MGSA Area
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FIGURE 3-10
 Soil Map of the 180/400 Foot Subbasin
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Sources: ESRI Map Service Imagery, 
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FIGURE 3-11
180/400 Foot Subbasin Regional Cross-Section A-A"

Legend

  

  

Taken from SVBGSA 2020
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FIGURE 3-12
180/400 Foot Subbasin Regional Cross-Section C-C'

  

  

Taken from SVBGSA 2020
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FIGURE 3-13
180/400 Foot Subbasin Regional Cross-Section E-E'

  

  

Taken from SVBGSA 2020
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FIGURE 3-14
MCWD Water Supply Wells

Legend
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Sources: ESRI Map Service Imagery, 
https://sgma.water.ca.gov/portal/gsa,
Well locations from Jacobson James 
& Associates, Inc..
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FIGURE 3-15
Regional Water Quality in Principal Supply Aquifers; Piper Diagram

Legend

  

  

Taken from MCWRA October 2017 
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FIGURE 3-16
TDS and Chloride Concentrations Detected in the Dune Sand Aquifer near the MGSA Area, April 2019

Legend
Monitoring Well Location
City of Marina GSA
(MGSA) Area

City of Marina

  

  

Sources: ESRI Map Service Imagery, https://sgma.water.ca.gov/portal/gsa, 
MPWSP Monitoring Report #160 2019

Monitoring Well Total Dissolved Solids (mg/L) Chloride (mg/L)
MW-1S 32,600 19,200
MW-3S 26,900 14,800
MW-4S 7,700 4,360
MW-5S(P) 1,300 299
MW-6S 896 112
MW-7S 1,170 431
MW-8S 1,460 307
MW-9S 3,000 950
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FIGURE 3-17
TDS and Chloride Concentrations Detected in the 180-Foot Aquifer near the MGSA Area, April 2019

Legend
Monitoring Well Location
City of Marina GSA
(MGSA) Area

City of Marina

  

  

Sources: ESRI Map Service Imagery, https://sgma.water.ca.gov/portal/gsa, 
MPWSP Monitoring Report #160

Monitoring Well Total Dissolved Solids (mg/L) Chloride (mg/L)
MW-1M 35,300 18,800
MW-3M 28,400 16,000
MW-4M 22,900 12,700
MW-5M 642 111
MW-6M(L) 872 144
MW-7M 5,450 2,750
MW-8M 22,600 11,600
MW-9M 32,900 17,000
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FIGURE 3-18
TDS and Chloride Concentrations Detected in the 400-Foot Aquifer near the MGSA Area, April 2019

Legend
Monitoring Well Location
City of Marina GSA
(MGSA) Area

City of Marina

  

  

Sources: ESRI Map Service Imagery, https://sgma.water.ca.gov/portal/gsa, 
MPWSP Monitoring Report #160

Monitoring Well Total Dissolved Solids (mg/L) Chloride (mg/L)
MW-1D 31,000 16,400
MW-3D 31,100 15,400
MW-4D 27,400 15,600
MW-5D 3,560 1,740
MW-7D 27,000 14,800
MW-8D 610 246
MW-9D 334 64
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FIGURE 3-19
Local Recharge Map

Legend
Recharge Areas Mapped by Monterey
County
180/400 Foot Aquifer Subbasin
City of Marina
City of Marina GSA (MGSA) Area

CSIP Distribution Recharge Area

  

  

Sources: ESRI Map Service Imagery, 
https://sgma.water.ca.gov/portal/gsa,
https://montereycountyopendata-12017-01-13t232948815z-
montereyco.opendata.arcgis.com/datasets/recharge-areas-1
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FIGURE 3-20
Gaps in 180/400 Foot Aquitard

Legend
City of Marina
Areas of Thin or
Absent Aquitards

Area of Impact

  

  

Sources: ESRI Map Service Imagery, https://sgma.water.ca.gov/portal/gsa, MCWRA October 2017
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FIGURE 3-21
East-West Lithologic and AEM Cross-Sections Across the MGSA Area

Legend
City of Marina GSA
(MGSA) Area
Cross-Section Transects

Sources: ESRI Map Service Imagery, Gottschalk et al 2018
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FIGURE 3-22
North-South Lithologic and AEM Cross-Sections Across the MGSA Area

Legend
City of Marina GSA
(MGSA) Area
Cross-Section Transects

Sources: ESRI Map Service Imagery, Gottschalk et al 2018
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FIGURE 3-23
Oblique View of Seawater Intrusion Front and Low TDS Zone with Ghyben-Herzberg Model Inset

Sources: Gottschalk et al 2018
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FIGURE 3-24
Locations of MPWSP Wells

Legend
!A MPWSP Wells

City of Marina GSA (MGSA)
City of Marina
180/400 Foot Aquifer

  

  

Sources: ESRI Map Service Imagery, 
https://sgma.water.ca.gov/portal/gsa,
MPWSP Monitoring Report #160 2019
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FIGURE 3-25
Local Dune Sand Aquifer Water Level Map, March 20, 2015

Legend
!A MPWSP Monitoring Well

!A
Monterey Peninsula Landfill
Monitoring Well

!A Fort Ord OU1 Monitoring Well

City of Marina GSA (MGSA)
Area
City of Marina

  

  

Note: Monterey Peninsula Landfill water levels 
from March 23-24, 2015. 
Fort Ord OU1 water levels from July 1, 2015.

Sources: ESRI Map Service Imagery,
https://sgma.water.ca.gov/portal/gsa, 

MPWSP Report 148, 2018,
Monterey Peninsula Landfill First 2019 

Semiannual Water Quality Monitoring Report October 2018, 
Final 2016 Annual Groundwater Monitoring Report, 

Operable Unit 1, Fritzsche Army Airfield Fire Drill Area, Former Fort Ord
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FIGURE 3-26
Local Dune Sand Aquifer Water Level Contour Map, March 12, 2017

Legend
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Monterey Peninsula
Landfill Monitoring Well
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Fort Ord OU1 Monitoring
Well
Inferred Potentiometric
Contour Line
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Note: Monterey Peninsula Landfill Groundwater Elevations from March 20, 2017.

Sources: ESRI Map Service Imagery,
https://sgma.water.ca.gov/portal/gsa, 

MPWSP Report 148, 2018,
Monterey Peninsula Landfill First 2019 

Semiannual Water Quality Monitoring Report October 2018, 
Final 2016 Annual Groundwater Monitoring Report, 

Operable Unit 1, Fritzsche Army Airfield Fire Drill Area, Former Fort Ord



!A !A
!A

!A

!A

!A

!A

!A

!A
!A

!A
!A

!A

!A

!A!A
!A

!A
!A

!A

!A !A

MW-1S
6.05

MW-3S
6.32 MW-4S

6.3

MW-5S
40.03

MW-6S
7.89

MW-7S
8.62

MW-8S
5.56

MW-9S
7.02

7

6

5

8

G-1
4.65G-17

5.19 G-2
4.4

G-21
4.49

G-22
3.86

G-30
4.74

G-32
4.82

G-33
7.6G-34

-0.75
G-38R

5.07 G-3R
4.13

G-4
4.64

G-42
7.59

G-43
3.29

\\s
a\m

\M
ari

na
\G

IS\
Fo

rm
ati

on
La

ye
rs\

MX
D\

Ch
ap

ter
3\F

ig3
-27

_D
SA

_G
WL

_2
01

80
40

2.m
xd

DATE: DEC. 30, 2019

0 0.5 1

Miles

±
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FIGURE 3-27
Local Dune Sand Aquifer Water Level Contour Map, April 2, 2018
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Note: Monterey Peninsula Landfill Groundwater Elevations from March 21, 2018.

Sources: ESRI Map Service Imagery,
https://sgma.water.ca.gov/portal/gsa, 

MPWSP Report 148, 2018,
Monterey Peninsula Landfill First 2019 

Semiannual Water Quality Monitoring Report October 2018, 
Final 2016 Annual Groundwater Monitoring Report, 

Operable Unit 1, Fritzsche Army Airfield Fire Drill Area, Former Fort Ord
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FIGURE 3-28
Local 180-Foot Aquifer Water Level Map, March 20, 2015
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Aquifer

City of Marina GSA
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Sources: ESRI Map Service Imagery,
https://sgma.water.ca.gov/portal/gsa, 

MPWSP Report 148, 2018,
Monterey Peninsula Landfill First 2019 

Semiannual Water Quality Monitoring Report October 2018, 
Final 2016 Annual Groundwater Monitoring Report, 

Operable Unit 1, Fritzsche Army Airfield Fire Drill Area, Former Fort OrdESRI Map Service Imagery from October 2018
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FIGURE 3-29
Local 180-Foot Aquifer Water Level Contour Map, March 12, 2017
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Sources: ESRI Map Service Imagery,
https://sgma.water.ca.gov/portal/gsa, 

MPWSP Report 148, 2018,
Monterey Peninsula Landfill First 2019 

Semiannual Water Quality Monitoring Report October 2018, 
Final 2016 Annual Groundwater Monitoring Report, 

Operable Unit 1, Fritzsche Army Airfield Fire Drill Area, Former Fort Ord
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FIGURE 3-30
Local 180-Foot Aquifer Water Level Contour Map, April 2, 2018
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Sources: ESRI Map Service Imagery,
https://sgma.water.ca.gov/portal/gsa, 

MPWSP Report 148, 2018,
Monterey Peninsula Landfill First 2019 

Semiannual Water Quality Monitoring Report October 2018, 
Final 2016 Annual Groundwater Monitoring Report, 

Operable Unit 1, Fritzsche Army Airfield Fire Drill Area, Former Fort Ord
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FIGURE 3-31
Local 400-Foot Aquifer Water Level Map, March 20, 2015
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Sources: ESRI Map Service Imagery,
https://sgma.water.ca.gov/portal/gsa, 

MPWSP Report 148, 2018,
Monterey Peninsula Landfill First 2019 

Semiannual Water Quality Monitoring Report October 2018, 
Final 2016 Annual Groundwater Monitoring Report, 

Operable Unit 1, Fritzsche Army Airfield Fire Drill Area, Former Fort Ord

ESRI Map Service Imagery from October 2018
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FIGURE 3-32
Local 400-Foot Aquifer Water Level Contour Map, March 12, 2017
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Sources: ESRI Map Service Imagery,
https://sgma.water.ca.gov/portal/gsa, 

MPWSP Report 148, 2018,
Monterey Peninsula Landfill First 2019 

Semiannual Water Quality Monitoring Report October 2018, 
Final 2016 Annual Groundwater Monitoring Report, 

Operable Unit 1, Fritzsche Army Airfield Fire Drill Area, Former Fort OrdESRI Map Service Imagery from October 2018
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FIGURE 3-33
Local 400-Foot Aquifer Water Level Contour Map, April 2, 2018
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Sources: ESRI Map Service Imagery,
https://sgma.water.ca.gov/portal/gsa, 

MPWSP Report 148, 2018,
Monterey Peninsula Landfill First 2019 

Semiannual Water Quality Monitoring Report October 2018, 
Final 2016 Annual Groundwater Monitoring Report, 

Operable Unit 1, Fritzsche Army Airfield Fire Drill Area, Former Fort OrdESRI Map Service Imagery from October 2018
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FIGURE 3-34
Average Groundwater Level Changes in the Deep Aquifers

Taken from MCWRA 2017
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FIGURE 3-35
Cumulative Change in Groundwater Storage Based on Groundwater Elevations

Taken from SVBGSA 2020, MCWRA 2018
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FIGURE 3-36
MCWRA Seawater Intrusion Map 180-Foot Aquifer with Low TDS Groundwater
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Sources: ESRI Map Service Imagery, https://sgma.water.ca.gov/portal/gsa, MCWRA October 2017, Gottschalk, et at. 2018
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FIGURE 3-37
MCWRA Seawater Intrusion Map 400-Foot Aquifer with Low TDS Groundwater
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Sources: ESRI Map Service Imagery, https://sgma.water.ca.gov/portal/gsa, MCWRA October 2017, Gottschalk, et at. 2018
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FIGURE 3-38
Potential GDE Locations and Depth to Uppermost Groundwater in the Dune Sand Aquifer

Groundwater Dependent
Ecosystems - Wetlands
Groundwater Dependent
Ecosystem - Vegetation
City of Marina GSA
(MGSA) Area

Cities

Sources: ESRI Map Service Imagery, https://sgma.water.ca.gov/portal/gsa
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FIGURE 3-40
MGSA Area Current Conceptual Groundwater Budget
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CALIFORNIA AMERICAN WATER Monterey Peninsula Water Supply Project
Test Slant Well Long Term Pumping Test 

Monitoring Report No. 160

 21-May-19 GEOSCIENCE Support Services, Inc.
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10/19/2017        4:04 pm
11/8/2017          5:59 pm
11/9/2017          5:27 pm
11/16/2017        4:33 pm
11/23/2017        4:16 pm
1/5/2018           11:27 am
1/6/2018             5:32 pm
1/11/2018           1:52 pm
1/11/2018           5:19 pm
2/15/2018           4:09 pm
2/22/2018           3:48 pm
2/28/2018           3:04 pm
2/28/2018           5:47 pm

Pump On:
7/17/2017        11:26 am
7/24/2017        11:32 am
9/7/2017            9:30 am
9/8/2017          10:03 am
9/14/2017 8:17 am 
9/15/2017          8:01 am
9/21/2017          8:04 am
9/22/2017          8:09 am
9/27/2017          1:14 pm
9/29/2017        12:12 pm
10/5/2017          6:03 pm
10/12/2017        8:00 am
10/13/2017        7:49 am
10/18/2017        8:39 am
10/19/2017        8:35 am
10/20/2017        7:54 am
11/9/2017          7:56 am
11/10/2017        7:57 am
11/17/2017        9:56 am
11/24/2017        1:35 pm
1/5/2018          12:43 pm
1/8/2018            9:46 am
1/11/2018          5:12 pm
1/12/2018          7:30 am
2/16/2018          6:16 am
2/23/2018        10:07 am
2/28/2018          4:07 pm

- -

Sounder 
probe 

replaced

Starting 6/2/2017 see above table for 
Test Slant Well On/Off details.

TSW transducer 
replaced
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Start of sonic water 
level readings

Transducer and 
cable replaced

Transducer pulled 
and cleaned

Pump Off:
3/22/2018       3:16 pm
4/20/2018     4:35 pm
5/17/2018       4:01 pm
6/14/2018       5:05 pm
7/12/2018    3:59 pm
8/9/2018 7:18 pm
9/6/2018         6:36 pm
10/4/2018       6:24 pm
11/1/2018       3:16 pm
11/29/2018     6:31 pm
1/3/2019          5:22 pm
1/24/2019       1:54 pm
2/21/2019       5:41 pm
3/29/2019       6:22 pm
4/12/2019       3:48 pm

Pump On:
3/22/2018       11:15 am  
4/20/2018       12:01 pm
5/17/2018       12:01 pm
6/14/2018         1:00 pm
7/12/2018       12:02 pm
8/9/2018           3:18 pm
9/6/2018           2:26 pm
10/4/2018         2:03 pm
11/1/2018       11:01 am
11/29/2018       2:31 pm
1/3/2019           1:22 pm
1/24/2019         9:39 am
2/21/2019      12:55 pm
3/29/2019        2:48 pm
4/12/2019        9:32 am

During Long-Term Pumping Test After Long-Term Pumping Test

Sonic sounder 
temporarily removed 

for maintenance

Sonic sounder 
reinstalled

Sonic sounder 
temporarily 

offline
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Slant well off for approximately 
4 hours due to power interruption

Figure 3-1St
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Note: Transducers replaced 
on 8-May-15.

MW-1D

MW-1M

MW-1S

Transducer removed 
and reinstalled

Water 
quality 

sampling
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MW-1D 
transducer 

installed

Transducer 
malfunctioned

Transducer 
pulled 

and cleaned

Transducer 
removed, 

cleaned, and 
recalibrated
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MW-1M

Transducer 
pulled and 

cleaned

MW-1M 
transducer 
pulled and 

cleaned

Transducer 
replaced
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MW-1S transducer 
pulled and cleaned

Slant well off for 
approximately 

80 hours due to 
power interruption

Slant well off for approximately 
46 hours due to power interruption

MW-1D

MW-1M transducer 
malfunction

MW-1M 
transducer replaced

Transducer 
malfunction

Slant well off for approximately 
18 days due to power interruption

Transducer pulled 
and cleaned

Slant well off for approximately 
5 days due to power interruption

Slant well off for approximately
18 days due to power interruption

Slant well off for approximately 
6 days due to power interruption

Slant well off for approximately 
1 hour due to power interruption

Slant well off for 
approximately 6 hours 

due to power interruption

MW-1S

MW-1D transducer 
and cable replaced

MW-1D transducer 
malfunction

MW-1D transducer 
pulled for maintenance

Starting 6/2/2017 see table in 
Figure 2-9b for Test Slant Well 

On/Off details.

MW-1D transducer malfunction

MW-1D transducer 
pulled for maintenance

MW-1D transducer 
malfunction

MW-1S transducer 
malfunction, replaced

MW-1D transducer 
pulled for maintenance

MW-1D transducer 
pulled for maintenance

MW-1M transducer 
pulled and cleaned

MW-1D transducer 
and cable replaced
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MW-1M transducer 
pulled and cleaned

MW-1D transducer 
pulled and cleaned

MW-1S transducer 
pulled and cleaned

Water quality 
sampling

Water quality 
sampling

Water quality 
sampling

Water quality 
sampling

Water quality 
sampling
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Figure 3-2
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Note: Pumping in CEMEX North 
Well commenced on 21-Oct-15 
and ceased on 13-Nov-15.
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pulled and 

cleaned
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malfunction
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replaced
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pulled and 
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Transducer pulled
and cleaned

Transducer pulled
and cleaned

Transducer pulled 
and recalibrated

MW-3S

Slant well off for approximately
80 hours due to power interruption

Slant well off for 
approximately 46 hours 

due to power interruption

Water
quality 

sampling

Slant well off for approximately
18 days due to power interruption

Slant well off for approximately
5 days due to power interruption

Slant well off for approximately
6 days due to power interruption

Slant well off for approximately
4 hours due to power interruption

Slant well off for approximately
6 hours due to power interruption

Transducer pulled
and cleaned

Transducer pulled 
and cleaned

MW-3S

Starting 6/2/2017 see 
table in Figure 2-9b for 

Test  Slant Well On/Off details.

MW-3D

MW-3M

MW-3S transducer
malfunction

MW-3S transducer
replaced
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Water quality 
sampling

Water quality 
sampling

Water quality 
sampling

Transducer pulled
and cleaned

Transducer pulled
and cleaned

Transducer pulled
and cleaned

Water quality 
sampling

Water quality 
sampling

Water quality 
sampling

Transducer 
replaced

Transducer 
pulled and cleaned

Transducer 
pulled and cleaned

Water quality 
sampling

Water quality 
sampling

Water quality 
sampling
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Monthly 
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Water quality 
sampling Figure 3-3
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Note: Pumping
in CEMEX North Well 

commenced on 21-Oct-15 
and ceased on 13-Nov-15.
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Water quality 
sampling

Install and test 
sampling pump

Install 
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pumpTransducer 
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Water quality 
sampling

Transducer 
Replaced
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sampling
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sampling
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Water quality 
sampling

Transducer 
malfunctioned

New transducer 
installed

New transducer 
installed Water quality

sampling

Water 
quality 

sampling

Transducer 
malfunctioned

New transducer 
installed

Water quality 
sampling
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quality 

sampling
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Water quality 
sampling

Water 
quality 

sampling

Transducer 
malfunctioned

Water 
quality 

sampling

Water quality 
sampling

New transducer 
installed

Water 
quality 

sampling

Transducer 
malfunctioned

New 
transducer 

installed

Water 
quality sampling
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MW-5M 
Transducer Data

Figure 3-4

MW-5D
Transducer

Data
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Water 
quality 

sampling

Hand Held Measurements

Transducer Data

Note: Depth specific hand-held 
measurements taken using an electrical 
conductance probe. MW-5S and MW-5M 
transducers replaced on 17-May-15.

Transducer pulled, 
cleaned, and recalibrated

Transducer pulled 
and cleaned

Transducer pulled, 
cleaned, and recalibrated

Transducer malfunctioned. 
Recalibrated.

Transducer pulled
for maintenance

Transducer pulled, 
cleaned, and recalibrated
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malfunctioned

Transducer 
replaced

Water quality 
sampling

Transducer pulled, 
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and recalibrated

Transducer 
replaced
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Water quality 
sampling

Transducer pulled 
and recalibrated
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Figure 3-5
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Note: Depth specific hand-held 
measurements taken using an 
electrical conductance probe. 
Transducers installed on 17-May-15.

New field 
calibration 
procedure

New field
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procedure

New field 
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procedure
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Hand Held Measurements

Transducer Data

MW-6M 
Transducer pulled, cleaned 

and reinstalled 

New MW-6S 
transducer installed

New MW-6M(L) 
transducer installed

MW-6S 

MW-6M(L) 

Transducer pulled, 
cleaned and reinstalled 

Transducer pulled, 
cleaned and reinstalled 

Transducer pulled, 
cleaned and reinstalled 

Transducer pulled, 
cleaned and reinstalled 
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sampling
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Water quality 
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Figure 3-6
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Figure 3-9a

Flow Through 
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(YSI Pro Plus)
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*Data logger installed to 312.5 ft brp MD.

Data Logger*
(In Situ Aqua TROLL 200)

Transducer and 
cable replaced

Transducer pulled 
and cleaned
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YSI Pro Plus 
Memory Reset

Pump shut off due to 
power interruption

Pump shut off due to 
power interruption

Starting 6/2/2017 table below for 
Test Slant Well On/Off details.

YSI Pro Plus 
Memory Reset

YSI Pro Plus 
Refurbished

YSI Pro Plus EC 
recalibrated  
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*Data logger installed to 312.5 ft brp MD.

Data Logger*
(In Situ Aqua TROLL 200)

Transducer and 
cable replaced

Transducer pulled 
and cleaned

Pump On:
3/22/2018       11:15 am
4/20/2018       12:01 pm
5/17/2018       12:01 pm
6/14/2018         1:00 pm
7/12/2018       12:02 pm
8/9/2018         3:18 pm
9/6/2018         2:26 pm

10/4/2018         2:03 pm
11/1/2018       11:01 am

11/29/2018         2:31 pm
1/3/2019         1:22 pm

1/24/2019         9:39 am
2/21/2019       12:55 pm
3/29/2019         2:48 pm
4/12/2019         9:32 am

Pump Off:
3/22/2018 3:16 pm       
4/20/2018       4:35 pm
5/17/2018       4:01 pm     
6/14/2018       5:05 pm
7/12/2018       3:59 pm 
8/9/2018       7:18 pm
9/6/2018       6:36 pm

10/4/2018       6:24 pm
11/1/2018       3:16 pm 

11/29/2018       6:31 pm
1/3/2019 5:22 pm

1/24/2019       1:54 pm
2/21/2019       5:41 pm
3/29/2019       6:22 pm
4/12/2019       3:48 pm

After Long-Term Pumping Test

Pump Off:
1/19/2016        11:10 am
1/22/2016        11:53 pm
1/30/2016          2:50 am
1/31/2016          3:29 pm
2/12/2016          2:43 am
3/1/2016            8:30 am
3/4/2016     10:10 am
5/17/2016 11:59 pm
5/25/2016          1:28 pm
6/3/2016            7:45 am
7/8/2016            6:12 am
7/14/2016       10:21 am
8/13/2016       11:32 am
10/3/2016         7:55 pm
12/24/2016       9:18 am
1/20/2017         7:42 pm
2/17/2017         5:43 am
2/23/2017         9:57 am
3/13/2017         2:48 pm
3/22/2017         4:54 am
4/10/2017         4:04 am
6/2/2017           9:42 am
6/8/2017           4:15 pm
6/16/2017         7:45 am
6/18/2017         9:21 am
6/21/2017         5:22 pm
6/28/2017         7:45 pm
7/5/2017 4:21 pm

Pump On:
1/20/2016          8:51 am
1/24/2016        11:01 am
1/30/2016        11:08 am
2/1/2016          11:20 am
2/12/2016    10:51 am
3/2/2016 1:40 pm
5/2/2016            1:22 pm
5/18/2016          2:35 pm
5/25/2016          5:21 pm
6/3/2016            9:08 am
7/8/2016            7:17 am
7/14/2016        11:36 am
8/16/2016          7:29 pm
10/5/2016          6:23 pm
1/11/2017          9:23 am
1/25/2017          2:43 pm
2/23/2017          9:47 am
2/23/2017        12:13 pm
3/13/2017          4:14 pm
3/22/2017          9:09 am
4/10/2017        10:32 am
6/2/2017            1:53 pm
6/9/2017          10:49 am
6/16/2017          8:46 pm 
6/19/2017          2:33 pm
6/22/2017       11:06 am
6/30/2017      11:30 am
7/7/2017            7:24 am

Pump Off:
7/16/2017         7:37 pm
7/23/2017       11:54 pm 
9/6/2017 5:41 pm
9/7/2017           4:48 pm
9/13/2017         4:24 pm
9/14/2017         4:46 pm
9/20/2017         4:26 pm
9/21/2017         4:01 pm
9/25/2017         7:50 pm
9/29/2017         4:22 am
10/4/2017         5:58 pm 
10/11/2017       6:23 pm
10/12/2017       4:15 pm
10/17/2017       2:56 pm
10/18/2017       3:46 pm
10/19/2017       4:04 pm
11/8/2017         5:59 pm
11/9/2017         5:27 pm
11/16/2017       4:33 pm
11/23/2017       4:16 pm
1/5/2018         11:27 am
1/6/2018           5:32 pm
1/11/2018         1:52 pm
1/11/2018         5:19 pm
2/15/2018         4:09 pm
2/22/2018         3:48 pm
2/28/2018         3:04 pm
2/28/2018         5:47 pm

Pump On:
7/17/2017 11:26 am
7/24/2017        11:32 am
9/7/2017            9:30 am
9/8/2017          10:03 am
9/14/2017          8:17 am 
9/15/2017          8:01 am
9/21/2017 8:04 am
9/22/2017          8:09 am
9/27/2017          1:14 pm
9/29/2017        12:12 pm
10/5/2017          6:03 pm
10/12/2017        8:00 am
10/13/2017        7:49 am
10/18/2017        8:39 am
10/19/2017        8:35 am
10/20/2017        7:54 am
11/9/2017          7:56 am
11/10/2017        7:57 am
11/17/2017        9:56 am
11/24/2017 1:35 pm
1/5/2018          12:43 pm
1/8/2018            9:46 am
1/11/2018          5:12 pm
1/12/2018          7:30 am
2/16/2018          6:16 am
2/23/2018        10:07 am
2/28/2017          4:07 pm

- -

During Long-Term Pumping Test

Transducer  
replaced

Pump shut off due to power interruption
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Table 6-19: Summary of Current Groundwater Budget 

Inflow 
Average 
(AF/yr.) 

Minimum 
(AF/yr.) 

Maximum 
(AF/yr.) 

  Net Percolation of Streamflow to Groundwater 31,100 3,300 80,000 

  Precipitation Percolation to Groundwater 6,500 0 10,800 

  Irrigation Percolation to Groundwater 4,500 -94001 15,500 

  Subsurface Inflows from Adjacent Subbasins 20,000 20,000 20,000 

TOTAL INFLOW 62,100 38,700 101,400 

 

Outflow 
Average 
(AF/yr.) 

Minimum 
(AF/yr.) 

Maximum 
(AF/yr.) 

  Pumping - Total Subbasin 109,300 108,400 111,000 

  
 

Agricultural 91,900 89,000 97,700 

  
 

Urban 17,000 12,900 19,000 

  
 

Rural Domestic 400 400 400 

  Riparian Evapotranspiration 12,000 12,000 12,000 

  Subsurface Outflows to Adjacent Subbasins/Basin 9,500 9,500 9,500 

TOTAL OUTFLOW 130,800 129,900 132,600 

 

Storage 
Average 
(AF/yr.) 

Minimum 
(AF/yr.) 

Maximum 
(AF/yr.) 

  Change in Storage -68,700 -28,500 -93,800 
1Negative percolation due to extremely high flows in the Rec ditch in 2017, which is all subtracted from 

irrigation.  Some Rec Ditch flows should be subtracted from precipitation.  The total recharge from both 

irrigation and precipitation is correct 

 

The annual groundwater budget components are variable, although not as variable as the surface 

water budget components. Figure 6-4 illustrates the annual inflow and outflow components for 

the historical budget period.  The diagram uses stacked bar height to illustrate the magnitude of 

budget components for each year, with inflows shown on the positive y-axis and outflows on the 

negative y-axis.    The inflow and outflow components for each year are tabulated in Appendix 

6A. 
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Table 6-27: Average Annual Groundwater Budget for Projected Climate Change Conditions (acre-ft/year) 

Projected Climate Change Timeframe 
2030 

(AF/yr.) 
2070 

(AF/yr.) 

Net GW Extraction -115,00 -120,600 

Net Drain Flow -7,100 -8,000 

Net Stream Exchange 69,700 69,800 

Net Deep Percolation 41,200 45,100 

Ocean Outflow -800 -700 

Net flow from Monterey 5,500 6,200 

Net flow to Eastside -7,200 -6,200 

Net flow from Forebay 5,000 5,000 

Net flow from Langley 1,600 1,600 

Net mountain front recharge 1,700 1,800 

Net flow to Pajaro -800 -800 

Net Storage Change -4,600 -4,700 

 

Table 6-28: Total Groundwater Inflows and Outflows for Projected Groundwater Budgets 

Projected Climate Change Timeframe 
2030 

(AF/yr.) 
2070 

(AF/yr.) 

Total In 295,700 308,600 

Total Out 294,200 307,100 

In-Out 1,500 1,600 

%Error 0.50% 0.51% 

 

Combining the land surface and groundwater budgets, groundwater pumping by water use sector 

can be summarized, as shown in Table 6-29. 

Table 6-29: Projected Annual Groundwater Pumping by Water Use Sector 

Water Use Sector 2030 
Average 

2070 Average 

Agricultural 94,800 99,500 

Urban (total pumping minus agricultural) 20,500 21,100 

Rural-Domestic (not simulated in model, considered minimal) 0 0 

Total Pumping 135,800 141,600 
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4 SUSTAINABLE MANAGEMENT CRITERIA 
4.1 INTRODUCTION AND BACKGROUND 

Regulation Requirements: 
§354.22 This Subarticle describes criteria by which an Agency defines conditions in its Plan that constitute sustainable 

groundwater management for the basin, including the process by which the Agency shall characterize undesirable 
results, and establish minimum thresholds and measurable objectives for each applicable sustainability indicator. 

 
California Department of Water Resources (DWR) has identified the 180/400 Foot Aquifer Subbasin 
(Subbasin) as subject to significant and unreasonable seawater intrusion due largely to long-term 
groundwater extraction in the inland portions of the Subbasin in excess of the sustainable yield, and 
DWR has also identified the Subbasin as one of 21 California basins that are in a condition of “critical 
overdraft” (DWR 2016a).  Seawater intrusion was first identified in the jurisdictional area of the Marina 
Groundwater Sustainability Agency (the MGSA Area) in the 1940s, and over the following decades 
progressed inland for a distance of over 7 miles in some areas.  The purpose of this GSP is to consider 
local efforts and support regional efforts to address this undesirable result and return to Subbasin to 
sustainable groundwater management within 20 years, as required by the Sustainable Groundwater 
Management Act (SGMA).  MGSA will achieve this by evaluating local projects and supporting the 
projects and management actions that will be implemented by Salinas Valley Basin Groundwater 
Sustainability Agency (SVBGSA) under its regional Groundwater Sustainability Plan (GSP), and by 
assuring that local groundwater resources are managed sustainably to protect local and regional 
beneficial uses and users.   

This chapter of the GSP presents the criteria that constitute sustainable groundwater management in 
the MGSA Area and describes significant regulatory requirements.  These “Sustainable Management 
Criteria” define the desired future groundwater resources condition of the MGSA Area in the Subbasin 
and commit MGSA to actions that will meet these objectives.  The sustainable management criteria 
defined in this chapter include the following components (definitions for the terms in quotes are 
presented further below): 

• The “Sustainability Goal” for the MGSA Area of the Subbasin is presented; 

• “Undesirable Results” applicable to each “Sustainability Indicator” are identified; 

• The “Minimum Thresholds” by which these Undesirable Results may be recognized are selected; 
and 

• “Measurable Objectives” by which the groundwater resources in the MGSA Area may be 
managed are established.  

The following definitions are used to guide the development of sustainable management criteria for the 
MGSA Area: 

• A Sustainability Goal is a succinct statement of the GSA’s objectives and desired conditions of 
the groundwater basin, how the basin will get to that desired condition, and why the measures 
planned will lead to success.  Unlike the other sustainable management criteria, the 
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sustainability goal is not quantitative, but supported by locally-defined minimum thresholds and 
undesirable results.  Demonstration of the absence of undesirable results supports a 
determination that the basin is operating within its sustainable yield and, thus, that the 
sustainability goal has been achieved (DWR 2017). 

• Sustainability Indicators are any of the following six effects potentially caused by groundwater 
conditions that, when significant and unreasonable, cause undesirable results (California Water 
Code (CWC) § 10721(x)):   

o Chronic Lowering of Groundwater Levels;  

o Reduction of Groundwater Storage;  

o Degraded Groundwater Quality;  

o Land Subsidence;  

o Seawater Intrusion; and  

o Depletion of Interconnected Surface Waters. 

• Undesirable Results occur when significant and unreasonable effects for any of the 
sustainability indicators defined by SGMA are caused by groundwater conditions occurring in 
the basin.  Undesirable results are included as sustainable management criteria as a quantitative 
description of the combination of minimum threshold exceedances that cause significant and 
unreasonable effects in the basin.  A description of undesirable results should include the 
potential effects on the beneficial uses and users of groundwater, land uses and property 
interests, and other potential effects that may occur or are occurring from the undesirable 
result. (23 California Code of Regulations (CCR) § 354.26) 

Undesirable results may be defined by minimum threshold exceedances at a single monitoring 
site, multiple monitoring sites, a portion of a basin, a management area, or an entire basin. 

• Minimum Thresholds refers to a numeric value or values for each sustainability indicator 
used to define undesirable results. (23 CCR § 354.28) 

Minimum thresholds are quantitative values that represent groundwater conditions at 
representative monitoring points and that indicate an unreasonable condition.  For example, a 
discrete groundwater or salinity level in a well may be a minimum threshold because 
groundwater levels dropping below or salinity levels rising beyond the specified level would be 
an unreasonable condition. 

• Measurable Objectives refer to specific, quantifiable goals for the maintenance or improvement 
of specified groundwater conditions that have been included in an adopted Plan to achieve the 
sustainability goal for the basin.  Each Agency shall establish measurable objectives, including 
interim milestones in increments of five years, to achieve the sustainability goal for the basin 
within 20 years of Plan implementation and to continue to sustainably manage the groundwater 
basin over the planning and implementation horizon. (23 CCR § 354.30) 

Measurable objectives are goals that the GSP is designed to achieve.  Measurable objectives 
are set so there is a reasonable margin of operational flexibility between the minimum 
threshold and measurable objective that will accommodate droughts, climate change, 
conjunctive use operations, or other groundwater management activities.  For some 
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sustainability indicators, projects and management actions are needed to achieve measurable 
objectives.  Although measurable objectives are not enforceable during implementation of the 
GSP, the GSP needs to demonstrate that there is a planned path toward achieving measurable 
objectives. 

This chapter includes or references the data used to develop the sustainable management criteria and 
to evaluate how they influence the beneficial uses and users of groundwater within and surrounding the 
MGSA Area.  The sustainable management criteria discussed in this chapter were developed based on 
information about the basin from the hydrogeologic conceptual model (Section 3.1), information about 
current and historical groundwater conditions (Section 3.2), the water budget (Section 3.3), other 
publicly available information, information and public feedback about groundwater conditions near the 
MGSA Area obtained during City Council meetings held over the last three years and during recent 
public MGSA meetings about the GSP development process, and meetings with MGSA staff. 

To retain an organized approach, this chapter follows the same section/subsection structure for each 
sustainability indicator.  The result is somewhat repetitive, but is complete and systematic when 
addressing the SGMA requirements.  Each section follows a consistent format that contains the 
information required by 23 CCR §§ 354.22 et. seq and outlined in the Sustainable Management Criteria 
Best Management Practices guidance document developed by DWR (DWR 2017).   

4.2 SUSTAINABILITY GOAL  
Regulation Requirements: 
§ 354.24.  Sustainability Goal 
Each Agency shall establish in its Plan a sustainability goal for the basin that culminates in the absence of undesirable results 
within 20 years of the applicable statutory deadline. The Plan shall include a description of the sustainability goal, including 
information from the basin setting used to establish the sustainability goal, a discussion of the measures that will be 
implemented to ensure that the basin will be operated within its sustainable yield, and an explanation of how the 
sustainability goal is likely to be achieved within 20 years of Plan implementation and is likely to be maintained through the 
planning and implementation horizon. 

 
CWC § 10721 defines sustainable groundwater management as “the management and use of 
groundwater in a manner that can be maintained during the planning and implementation horizon 
without causing undesirable results.”  A sustainability goal is the desired culmination of sustainable 
groundwater management, resulting in the maintenance of sustainable groundwater conditions (the 
absence of undesirable results), or their achievement within 20 years, when compared to a 2015 
baseline condition.  The sustainability goal reflects these requirements and succinctly states the GSAs’ 
objectives and the desired conditions of the GSP area. 

The sustainable yield is defined as the amount of groundwater that can be withdrawn annually over a 
period of time without causing undesirable results.  Regionally, the primary undesirable result in the 
180/400 Foot Aquifer Subbasin has been seawater intrusion in the 180-Foot and 400-Foot Aquifers 
caused by long-term overdraft and declining groundwater levels in the inland portions of the Subbasin 
(SBVGSA 2019, MCWRA 2017a).  Chronic declines in inland groundwater levels have led to a reversal in 
the groundwater gradients in the 180-Foot and 400-Foot Aquifers from shoreward to landward, causing 
water affected by seawater intrusion to flow inland for a distance of up to approximately 7 miles.  As a 
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result of these conditions, DWR designated the 180/400 Foot Subbasin as being subject to “Critical 
Conditions of Overdraft” (DWR 2016a), which means that preparation of GSPs in the Subbasin must be 
expedited to meet a January 31, 2020 submittal deadline.   

Based on a water budget analysis, SVBGSA has estimated the historical sustainable yield of the Subbasin 
as 96,950 acre-feet per year (AFY), and the long-term average sustainable yield as 112,000 AFY (SVBGSA 
2019).1  In addition, as discussed in Chapter 6, SVBGSA plans to implement a number of projects and 
management actions to raise groundwater levels in the inland portions of the Subbasin through in lieu 
and applied recharge, with a goal of arresting and even reversing seawater intrusion.  This GSP adopts, 
and MGSA will support, the regional sustainable yield as estimated for the 180/400 Foot Aquifer 
Subbasin in SVBGSA’s GSP.  In addition, MGSA will support SVBGSA’s projects and management actions 
that are expected to benefit groundwater elevations at and in the vicinity of the MGSA Area.   

Locally, the contribution to the sustainable yield from groundwater extraction in the MGSA Area is 
defined as the amount of groundwater that can be withdrawn annually over a period of time from the 
MGSA Area without causing undesirable results within or near the MGSA Area.  Current and historical 
groundwater extraction in the MGSA Area has been limited to process water pumping for the CEMEX 
sand plant (approximately 300 AFY), which represents the only long-term groundwater extraction within 
the MGSA Area.  Data are not available to assess if groundwater extraction from the CEMEX well 
historically contributed to seawater intrusion in this area since the 1960s when pumping started.  Due to 
concern about limiting extractions to avoid seawater intrusion, the City of Marina and several other 
agencies entered into the 1996 Annexation Agreement limiting extractions at the CEMEX property to 
500 AFY.  Based on available water quality data for the CEMEX well, long-term pumping has likely 
reached a state of equilibrium as of the SGMA baseline date of 2015.  As such, CEMEX well pumping has 
not resulted in significant and unreasonable seawater intrusion or groundwater quality degradation as 
defined by SGMA.  Pumping of the CEMEX well will cease when the plant closes at the end of 2020, or at 
the latest in December 2024 when CEMEX removes the well (Section 3.1.8).   

In the future, groundwater extraction rates in the MGSA Area are proposed to be increased significantly 
for the proposed MPWSP.  If the proposed MPWSP is implemented, the proposed slant wells for the 
project would pump up to 17,400 AFY (HWG 2017).  As discussed in Section 3.3.13, without additional 
data and modeling tools, it is not possible to assess the rate of the slant well pumping that would be 
sustainable in the long term.  MGSA will update the estimate for the local sustainable yield and 
coordinate with SVBGSA to update the basin-wide sustainable yield as needed and as information 
becomes available during GSP implementation.  The sustainable management criteria defined in this 
chapter, combined with the monitoring program specified in Chapter 5 and the management actions 
outlined in Chapter 6, are intended to assure that any groundwater extraction in the MGSA Area is 
managed sustainably, and that undesirable results do not occur in the MGSA Area or the surrounding 
Subbasin area.   

 
1 SVBGSA states this is an estimate only, and that the sustainable yield estimate for the Subbasin will be modified and updated 
as more data are collected and more analyses are performed, including evaluation of the United States Geological Survey 
(USGS) Salinas Valley Integrated Hydrologic Model (SVIHM), which is expected to be released in late 2020.   
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Undesirable results potentially associated with future groundwater extraction in the MGSA Area include 
the following significant and unreasonable impacts, which are further evaluated and discussed in the 
subsequent sections of this chapter: 

• Groundwater level decline which adversely impacts beneficial groundwater uses and/or users, 
especially near the MGSA Area where several existing groundwater supply wells and 
groundwater dependent ecosystems (GDEs) are present; 

• Reduction in groundwater storage which adversely impacts beneficial groundwater uses and/or 
users; 

• Further seawater intrusion into the Dune Sand, 180-Foot and 400-Foot Aquifers, and/or 
seawater intrusion into the Deep Aquifer; 

• Degradation of groundwater quality within the Dune Sand, 180-Foot and/or 400-Foot Aquifers 
that adversely affects beneficial uses or users, especially in the low-TDS groundwater zone;  

• Land subsidence that adversely affects surface land uses; and 

• Surface water depletion that adversely affects beneficial surface water uses or users, including 
GDEs.   

This GSP adopts SVBGSA’s sustainability goal, which is stated as follows (SVBGSA 2019): 

The goal of this GSP is to manage the groundwater resources of the 180/400-Foot Aquifer 
Subbasin for long-term community, financial, and environmental benefits to the Subbasin’s 
residents and businesses.  This GSP will ensure long-term viable water supplies while maintaining 
the unique cultural, community, and business aspects of the Subbasin.  It is the express goal of 
this GSP to balance the needs of all water users in the Subbasin. 

Local implementation objectives in support of this goal include the following:   

MGSA will manage groundwater resources in the MGSA Area in a way that ensures all beneficial 
uses and users in, or affected by, groundwater management in the MGSA Area are protected 
from undesirable results, and have access to a safe and reliable groundwater supply that meets 
current and future demand.  This goal will support SVBGSA’s sustainability goal by addressing 
undesirable results at a local level and protecting local resources from further degradation, while 
coordinating with MCWRA, SVBGSA and MCWD GSA to support regional groundwater 
management, including groundwater level and seawater intrusion monitoring, and mitigation 
projects and management actions that will contain and reverse the conditions resulting from 
regional overdraft.  MGSA will: 

• Support the protection of reliable groundwater supply and quality to promote the public 
health and welfare now and into the future;   
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• Ensure that groundwater is available for beneficial and potential beneficial uses, including all 
of the diverse municipal, domestic, agricultural, industrial, and environmental uses 
potentially affected by management actions within the MGSA Area;   

• Protect the aquifers underlying the MGSA Area against further seawater intrusion; 

• Comply with State Water Resources Control Board (SWRCB) Resolution No. 88-63, which 
designates all groundwaters of the State containing less than 3,000 milligrams per liter 
(mg/L) of total dissolved solids (TDS) as having a potential beneficial use as a domestic or 
municipal drinking water supply, and SWRCB Resolution No. 68-16, which requires the high 
quality of these waters to be maintained unless the state finds that certain specific 
conditions are met;  

• Maintain or enhance groundwater levels and groundwater discharge where GDEs exist near 
the MGSA Area; 

• Maintain operational flexibility within the Subbasin, assuring that groundwater resources 
are available during times of drought without causing undesirable results; 

• Account for changing groundwater conditions related to implementation of future 
groundwater supply projects, projected climate change, and sea level rise, in sustainability 
planning and management; and 

• Coordinate with, support, and avoid undesirable results to neighboring GSA areas and 
groundwater basins in regional efforts to achieve groundwater sustainability.  

To achieve the sustainability goal, MGSA will undertake the following measures: 

• Establish sustainable management criteria, including definition of minimum thresholds, 
measurable objectives, interim milestones and undesirable results as discussed in this chapter; 

• Implement a monitoring program as discussed in Chapter 5 for each sustainability indicator at 
and in the vicinity of the MGSA Area to assess compliance with, and progress toward the 
identified measurable objectives and interim milestones; 

• Implement the management actions identified in Chapter 6 to assure compliance with the 
measurable objectives and interim milestones identified in this chapter, and to prevent the 
occurrence of undesirable results; and 

• Complete the actions identified in Chapter 7 to implement the GSP, address data gaps, support 
the plan review and updates, and fulfill reporting obligations. 

4.3 APPROACH 
Locally-defined significant and unreasonable conditions were identified based on assessment of 
hydrogeologic conditions, beneficial uses and users of groundwater, existing and historical undesirable 
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results, potential future groundwater level, storage and quality trends, existing applicable standards and 
potential future groundwater demands.  The consistency of the locally-defined criteria with criteria 
developed by SVBGSA in their GSP was evaluated, so that the sustainable management criteria in this 
GSP would address local conditions while remaining regionally compatible.  The assessment was 
conducted based upon the hydrogeologic conceptual model and water budget information summarized 
in Chapter 3, and was discussed with MGSA staff and local consultants, and coordination discussions 
were held with SVBGSA, Marina Coast Water District (MCWD) GSA, and Monterey County Water 
Resources Agency (MCWRA).   

As discussed in Chapters 6 and 7, the United States Geological Survey (USGS) is developing the Salinas 
Valley Integrated Hydrologic Model (SVIHM) as a tool to improve groundwater and surface water 
management strategies in the Salinas Valley Basin.  SVBGSA intends to use this model to refine its 
assessment of groundwater budgets and flow, and to update its GSP.  MGSA intends to cooperate and 
coordinate with SVBGSA in this effort, assess the need for additional studies and modeling refinement, 
and update this GSP, including the sustainable management criteria described in this chapter.  In 
addition, MCWD GSA intends to construct a locally-refined groundwater flow model that can 
incorporate solute transport and density driven flow, to support development and implementation of its 
GSP in the Monterey Subbasin.  MGSA intends to cooperate and coordinate with MCWD GSA and 
SVBGSA in this effort and will assess using the resulting model to update and refine this GSP.   

Similar to SVBGSA’s GSP, this chapter follows the same structure for each Sustainability Indicator.  A 
separate subsection is included for each sustainability indicator, with subsections that address each of 
the regulatory requirements of 23 CCR §§ 354.22, et. seq and outlined in the DWR guidance (DWR 
2017).  Each Sustainability Indicator subsection includes a description of: 

• The local factors potentially contributing to significant and unreasonable conditions; 

• How minimum thresholds were developed, including: 

o The information and methodology used to develop the minimum thresholds (23 CCR § 
354.28 (b)(1)); 

o The relationship between minimum thresholds and the sustainability indicators, and 
how they will avoid undesirable results (23 CCR § 354.28 (b)(2)); 

o The effect of minimum thresholds on neighboring basins’ and GSPs’ ability to meet 
sustainability goals (23 CCR § 354.28 (b)(3)); 

o The effect of minimum thresholds on beneficial uses and users of groundwater (23 CCR 
§ 354.28 (b)(4)); 

o Relevant federal, state, or local standards (23 CCR § 354.28 (b)(5)); and  

o The method for quantitatively measuring minimum thresholds (23 CCR § 354.28 (b)(6)); 
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• How measurable objectives were developed, including: 

o The methodology for setting measurable objectives (23 CCR § 354.30); and 

o Interim milestones, as applicable (23 CCR § 354.30 (a), §354.30 (e), §354.34 (g)(3)). 

• How locally- significant and unreasonable conditions (undesirable results) were defined, 
including: 

o The criteria for defining undesirable results (23 CCR § 354.26 (b)(2)); 

o The potential causes of undesirable results (23 CCR § 354.26 (b)(1)); and 

o The effects of these undesirable results on the beneficial users and uses (23 CCR § 
354.26 (b)(3)) 

4.4 . CHRONIC DECLINE OF GROUNDWATER LEVELS  
4.4.1 LOCAL FACTORS POTENTIALLY CONTRIBUTING TO SIGNIFICANT AND UNREASONABLE 
CONDITIONS 
Regionally, chronic lowering of groundwater levels in the Subbasin’s aquifers has historically occurred 
and is ongoing due to groundwater production for agricultural, municipal, and domestic use that 
exceeds the long-term sustainable yield of the Subbasin and the absence of viable alternative sources of 
water supply (SVBGSA 2019).  A groundwater depression has developed north of Salinas and is visible on 
both the 180-Foot/Shallow East Side Aquifer and 400-Foot/Deep East Side Aquifer maps, where 
elevations are generally -80 to -120 feet mean sea level (msl).  Groundwater elevation contour maps for 
the 180-Foot and 400-Foot Aquifers indicate an inland flow direction over a broad region surrounding 
the MGSA Area (see for example the groundwater elevation contour maps included in MCWRA [2017a]).  
East of the MGSA Area, groundwater levels were generally historically interpreted to be -10 to -20 feet 
msl in the 180-Foot Aquifer and -20 to -30 feet msl in the 400-Foot Aquifer during August measurements 
(when groundwater elevations are generally lowest), with the depth to groundwater increasing toward 
the Salinas River.  These groundwater gradient data are based on widely spaced wells, and should be 
considered generalizations for the vicinity of the MGSA Area.   

SVBGSA’s GSP defines significant and unreasonable groundwater elevation declines in the Subbasin as 
those that: 

• Are at or below the lowest groundwater elevations observed between 1994 and 2015 (based on 
public and stakeholder input that identified historically low groundwater elevations as 
significant and unreasonable); 

• Cause significant financial burdens to local municipalities, landowners, and farmers; and/or 

• Interfere with other sustainability indicators (i.e., seawater intrusion, subsidence, etc.).  
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With respect to potential future groundwater extraction in the MGSA Area, potential adverse impacts to 
beneficial users and uses from groundwater level decline include adverse impacts to GDEs, development 
or worsening of gradients that promote seawater intrusion, well interference drawdown, and lowering 
of groundwater elevations to uneconomical levels.  In the vicinity of the MGSA Area, groundwater 
extraction from the seawater-intruded portions of the 180-Foot Aquifer and 400-Foot Aquifer is 
currently relatively limited, and SVBGSA proposes to adopt an ordinance that would prohibit the 
construction and operation of supply wells within the Castroville Seawater Intrusion Project (CSIP) 
service area east and northeast of the MGSA Area (Section 6.6.3).  Based on this information, this GSP 
considers significant and unreasonable groundwater elevation declines in and near the MGSA Area as 
those that: 

• Are at or below the lowest groundwater elevations observed between 1994 and 2015 identified 
regionally by SVBGSA (based on regional public and stakeholder input to SVBGSA that identified 
these historically low groundwater elevations as significant and unreasonable); 

• Cause significant financial burdens to local municipalities, landowners, and farmers through 
interference drawdown or groundwater pumping level reduction to less economical levels; 
and/or 

• Result in significant adverse impacts to GDEs.  

Insufficient data currently exist to map flow directions and groundwater elevations in the Deep Aquifer, 
and MCWRA does not produce groundwater level maps of the Deep Aquifer.  The construction of new 
wells in the Deep Aquifer is currently prohibited and there are no plans to construct any Deep Aquifer 
wells within the MGSA Area.  As discussed in Chapter 6, MGSA will support management actions by 
SVBGSA to strengthen these prohibitions.  As such, under current and foreseeable future conditions, 
there will be no groundwater extraction from the Deep Aquifer that could affect the groundwater level 
decline sustainability indicator that can be managed under this GSP.  For these reasons, this 
sustainability indicator is considered currently inapplicable to this GSP, and undesirable results, 
minimum thresholds, and measurable objectives for chronic groundwater level decline are not adopted 
for the Deep Aquifer.  This determination will be reassessed during future GSP updates, and additional 
sustainable management criteria for the Deep Aquifer will be added if appropriate. 
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4.4.2 MINIMUM THRESHOLDS  
Regulation Requirements: 
§354.28 (a) Each Agency in its Plan shall establish minimum thresholds that quantify groundwater conditions for each 

applicable sustainability indicator at each monitoring site or representative monitoring site established pursuant to 
Section 354.36.  The numeric value used to define minimum thresholds shall represent a point in the basin that, if 
exceeded, may cause undesirable results as described in Section 354.26. 

(b) The description of minimum thresholds shall include the following: 
  (1) The information and criteria relied upon to establish and justify the minimum thresholds for each sustainability 

indicator. The justification for the minimum threshold shall be supported by information provided in the basin setting, 
and other data or models as appropriate, and qualified by uncertainty in the understanding of the basin setting. (d) An 
Agency may establish a representative minimum threshold for groundwater elevation to serve as the value for multiple 
sustainability indicators, where the Agency can demonstrate that the representative value is a reasonable proxy for 
multiple individual minimum thresholds as supported by adequate evidence.  

(c) Minimum thresholds for each sustainability indicator shall be defined as follows: 
  (1) Chronic Lowering of Groundwater Levels.  The minimum threshold for chronic lowering of groundwater levels shall be 

the groundwater elevation indicating a depletion of supply at a given location that may lead to undesirable results. 
Minimum thresholds for chronic lowering of groundwater levels shall be supported by the following: 

    (A) The rate of groundwater elevation decline based on historical trends, water year type, and projected water use in the 
basin.   

 
SVBGSA determined that average groundwater elevations in 2015 and 2016, at the end of a significant 
drought, represented a significant and unreasonable condition relative to groundwater elevation 
decline.  Using a composite hydrograph analysis approach for the Subbasin, SVBGSA determined that 
the lowest average groundwater elevations during the representative climatic cycle (from 1967 to 1998) 
occurred in 1991 and 1992, and were on average 1 foot above the 2015 and 2016 elevations.  The 
minimum thresholds for significant and unreasonable groundwater level decline were therefore 
established as 1 foot above 2015 groundwater elevations.  A groundwater level map was prepared 
defining this “compliance surface,” and minimum thresholds were determined for designated 
representative monitoring sites (RMS) by determining the elevation of this surface at each site.   

Locally, groundwater extraction within the MGSA Area has the potential to draw down groundwater 
levels below minimum threshold elevations established by SVBGSA.  However, SVBGSA has not 
designated any RMS near the MGSA Area, so there is limited possibility that groundwater extraction in 
this area would create an undesirable result detected under their Regional GSP.  A single 400-Foot 
Aquifer well is located approximately 1 mile from the MGSA Area and a single 180-Foot Aquifer well is 
located approximately 4 miles from the MGSA Area.  There are no RMS designated in the Dune Sand 
Aquifer in SVBGSA’s GSP.  Groundwater elevation data for existing wells near the MGSA Area do not 
have sufficient long-term groundwater elevation data to establish historical low groundwater levels 
prior to 2015.  Several wells monitored by MCWRA with data beginning in approximately 2005 are 
located about 4 miles from the MGSA Area to the east and northeast (Zidar and Feeney 2019).  
Examination of the hydrographs for these wells indicates groundwater elevations in these wells were 
either at their lowest point, or near their lowest point, in 2015 and 2016.   

Groundwater extraction for the test slant well pumping test performed for the MPWSP resulted in 
approximately 1 to 5 feet of drawdown (decreasing with distance from the MGSA Area), which 
recovered rapidly after the end of the test (Sections 3.2.1.2 and 3.2.1.3) and does not represent 
“chronic” or long-term groundwater elevation decline.  As summarized in the following section, an 
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analysis of evapotranspiration (ET) from a GDE located near the MGSA Area indicates that from 2014 to 
2016, a combination of drought conditions and drawdown in the Dune Sand Aquifer resulted in a 
substantial decrease in summertime ET, indicating vegetative stress.  ET from the GDE has since 
recovered; however, it is not known whether the habitat suffered long term changes and degradation in 
the process, or if the habitat was able to recover.  For these reasons, it is not known whether pumping 
of the test slant well during this time caused undesirable results.  Future groundwater extraction is 
proposed to be increased significantly above the test slant well extraction rates, which potentially place 
additional stress on sustainability indicators.  The sustainable management criteria in this chapter, and 
the monitoring and management action programs described in Chapters 5 and 6 are intended to assure 
sustainable groundwater management.   

The following sections describe the process used to establish minimum thresholds for RMS designated 
under this GSP to address chronic decline in groundwater levels in the MGSA Area.  The minimum 
thresholds and measurable objectives established for RMS near the MGSA are presented in Table 4-1.   

TABLE 4-1.  MINIMUM THRESHOLDS AND MEASURABLE OBJECTIVES FOR CHRONIC DECLINE IN GROUNDWATER LEVELS 

Monitoring 
Site Aquifer 

Approximate date 
of Lowest 

Groundwater 
Level 

2015 Summer/Fall 
Lowest 

Groundwater Level 
(ft NAVD88) 

Minimum 
Threshold  

(ft NAVD88) 

Measurable 
Objective 

(ft NAVD88) 

MW-4S Dune Sand Mid Sept 2015 3.0 4.0 4.0 
MW-4M 180-Foot Mid Aug 2015 -3.0 -2.0 -0.1 
MW-4D 400-Foot Late Aug 2015 -15.9 -14.9 -8.8 
MW-5M 180-Foot Mid Aug 2015 -4.8 -3.8 -2.8 
MW-5D 400-Foot Late Aug 2015 -22.0 -16.0 -10.0 
MW-6M 180-Foot Mid Aug 2015 -26.0 -25.0 -18.0 
MW-7S Dune Sand Mid Oct 2015 3.8 4.8 4.8 
MW-7M 180-Foot Late Aug 2015 -7.1 -6.1 -2.5 
MW-7D 400-Foot Late Aug 2015 -14.9 -13.9 -7.8 
MW-8S Dune Sand Mid Sept 2015 1.6 2.6 2.6 
MW-8M 180-Foot Late Aug 2015 -5.9 -4.8 -2.1 
MW-8D 400-Foot Late Aug 2015 -21.0 -14.0 -8.0 
MW-9M 180-Foot Late Aug 2015 -11.4 -10.4 -7.0 
MW-9D 400-Foot Late Aug 2015 -25.1 -24.1 -18.0 

Notes:   
ft NAVD88 = feet above the North American Vertical Datum of 1988 

4.4.2.1 DUNE SAND AQUIFER 

As discussed in Sections 2.3.1.2 and 3.2.6.1, several areas of “vernal ponds” are located near the MGSA 
Area and have been identified as GDEs.  Vernal ponds include palustrine and emergent wetlands which 
are considered locally unique and are protected as Environmentally Sensitive Habitat Areas (ESHA) 
under the California Coastal Act and managed under a plan prepared by the City of Marina and local 
environmental stakeholders.   
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The ecological water requirements and thresholds of responses to changes in groundwater levels differ 
among GDEs.  Deep-rooted obligate phreatophytes such as oak trees are not expected to be significantly 
affected by drawdown which is within the range of natural groundwater level fluctuations or occurs over 
a period of years.  The gradual change would allow the root systems to adapt.  Similarly, the effect of 
drawdown on riparian woodlands and wetlands that have significant surface water inflows from 
streams, canals, and agricultural drains is expected to be less significant.  However, wetlands such as the 
vernal ponds present east of the MGSA Area are likely to be more highly groundwater dependent and 
contain sensitive communities that could be adversely affected by drawdown.  The ability of such GDEs 
to adapt or recover from groundwater declines depends largely on the overall water budget and the 
degree to which the GDE is dependent on groundwater.  The degree of interaction between wetlands 
and groundwater can vary greatly and depends on many factors including their position in the 
landscape, the permeability of the substrate, depth to the water table, and seasonal fluctuations in 
water inputs.  GDEs develop in response to unique timing, duration, frequency, and chemistry of water 
inputs.  Major changes in wetland hydrology would be expected to significantly affect ecological 
function.  However, minor changes in hydrology may result in little to no change in the ecological 
function of wetlands, depending on baseline conditions and whether those changes are short- or long-
term and offset by seasonal recharge of the aquifer or surface inputs (JJ&A 2018).  

The condition and species composition of wetland vegetation can serve as an early warning indicator of 
water stress.  A compilation of studies conducted by The Nature Conservancy in the western United 
States that examined plant response of 17 herbaceous wetland indicator species (11 common and six 
rare) to groundwater drawdown, indicated gradual loss of indicator species starting with as little as 0.66 
feet (0.2 meter) of drawdown, with a median of 2.99 feet (0.91 meter), and complete loss at 6.23 feet 
(1.9 meter) (Gerla et al. 2015).  Rhode et al. (2017) reviewed policies adopted for management of GDEs 
in the United States and globally, and assessed that thresholds for GDE responses to groundwater level 
decline are often assumed to follow linear, curvilinear, or step-wise functions, but that in reality they are 
likely habitat specific.  A study of the effects of regulatory drawdown thresholds on inundation area and 
plant community composition in southeast Australia suggested that drawdowns from 0.82 feet (0.25 
meter) to 0.98 feet (0.3 meter) represent a threshold where community composition is likely to change 
(Deane et al. 2017).  The study setting was a regional unconfined aquifer with shallow groundwater 
levels and wetlands dependent on groundwater discharge, and included wetlands considered sensitive 
to even small declines in groundwater level.  Thresholds were assigned based on ecological value, with 
higher functioning wetlands sensitive to changes assigned a threshold of up to 0.82 feet (0.25 meter) of 
acceptable drawdown over the course of five years; regional triggers were set at 1.64 feet (0.50 meter) 
over five years.  Drawdown in shallow groundwater systems may alter community composition by 
increasing cover of exotic and terrestrial species, and increasing soil salinity from evapotranspiration; 
drawdown in deeper water systems may result in community change with conditions supporting greater 
cover of sedge species.   

The Armstrong Ranch Ponds (Vernal Pond #6) are located approximately 300 to 1,000 feet east of the 
MGSA Area and include a series of seasonal wetlands with ponded water in the winter and wet 
herbaceous meadows likely subsisting on shallow groundwater during the dry season (The Habitat 
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Restoration Group 1994).  An analysis of ET from these ponds and the surrounding area is presented in 
Figure 4-1.  Summer (June, July, and August) ET was calculated using the surface energy balance method 
(Paul et al. 2011, 2018) from remote sensing data generated by the Landsat Satellite mission by 
Formation Environmental under contract to DWR.  The results indicate summer ET ranged from 
approximately 5 to 10 inches from 2010 to 2013, then decreased to approximately 1 to 5 inches in 2014 
and 2015, and 1 to 3 inches in 2016.  In 2017, ET increased to approximately 3 to 10 inches, and in 2018, 
ET was approximately 5 to 12 inches.  The decline in ET from 2014 to 2016 occurred during a period of 
severe drought; however, the test slant well pumping test was also conducted from April 2015 to 
February 2018 (GeoScience Support Services 2019).  Hydrographs for well MW-4S indicate that the 
seasonal fluctuation in groundwater elevations in this well was approximately 2 feet, and suggest that 
pumping-induced drawdown was approximately 1 foot.  The lowest groundwater elevations were 
observed in the summer of 2016; groundwater elevations averaged about 2 feet higher in summer 2017 
and summer 2018.   

The above ET analysis demonstrates the correlation between groundwater levels and ET from this GDE, 
and illustrates its sensitivity to groundwater level declines.  ET, and by correlation biomass productivity, 
rebounded with groundwater levels; however, it is not known whether the stress induced in the GDE 
resulted in a change in the vegetation community, habitat degradation, or habitat succession that is not 
readily reversible.  Based on this data, it is not possible to determine the extent to which the drawdown 
induced during the test slant well pumping period resulted in significant and unreasonable impacts to 
the GDE, or whether the results were temporary and reversable.   

For these reasons, the minimum thresholds for chronic groundwater level decline in the Dune Sand 
Aquifer are established as an elevation of 1 foot above the 2015 low groundwater levels recorded in 
Dune Sand Aquifer monitoring wells near identified GDEs in the vicinity of the MGSA Area (MW-4S, 7S 
and 8S).  This threshold is based on potential significant and unreasonable impacts to identified GDEs.  It 
is adopted on an interim basis based on the rationale above.  The threshold will be updated based on 
biological assessment of GDEs in the vicinity of the MGSA Area to determine their sensitivity to 
groundwater elevation declines and confirmation by SVBGSA as to the degree to which potential GDEs 
along Salinas River are groundwater vs. surface water reliant.  The minimum thresholds are established 
based on the following approach: 

• At each RMS for the Dune Sand Aquifer, a groundwater elevation minimum threshold is 
calculated as a groundwater elevation that is 1 foot above 2015 summertime or fall low 
groundwater elevation documented in well hydrographs for the shallow MPWSP monitoring 
wells (Appendix 3.D).   

The correlation between groundwater elevations and GDE responses for the identified GDEs is identified 
as a data gap.  In addition, the degree of groundwater dependence of potential GDEs located near 
Salinas River is a data gap.  As discussed in Chapter 7, a baseline biological assessment of the GDEs in the 
vicinity of the MGSA Area will be performed, and the minimum thresholds and measurable objectives 
will be adjusted, as appropriate.  In addition, the GDE monitoring approach will be refined as discussed 
in Chapter 5, and the management actions will be updated as discussed in Chapter 6.   
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4.4.2.2 180-FOOT AND 400-FOOT AQUIFER 

Minimum thresholds for the 180-Foot and 400-Foot Aquifers are driven by the potential for well 
interference drawdown and consistency with minimum thresholds adopted by SVBGSA which are 
intended, in part, to decrease the inland gradients that have led to regional seawater intrusion.  As 
discussed in Section 4.4.2, SVBGSA determined that average groundwater elevations in 2015 and 2016, 
at the end of a significant drought, represented a significant and unreasonable condition relative to 
groundwater elevation decline, and established initial minimum thresholds 1 foot above this elevation.  
These thresholds were then locally adjusted based on hydrograph analysis at some individual RMS.  

Thresholds of significance for well interference drawdown vary, but are commonly lower for domestic 
wells, which tend to be shallower and have less available drawdown, and greater for irrigation, industrial 
or municipal supply wells, which are generally deeper and have more available drawdown.  A study of 
well interference drawdown thresholds adopted for projects in California conducted in Stanislaus 
County concluded that a well interference threshold of 5 feet for domestic wells and 20 feet for higher 
capacity production wells is unlikely to lead to significant and unreasonable impacts (JJ&A 2018).  The 
range of documented seasonal fluctuation in groundwater elevations in the 180-Foot and 400-Foot 
Aquifers varies from approximately 5 feet within about 2 miles of the MGSA Area to between 
approximately 10 to 30 feet further inland about 4 miles from the MGSA Area (Section 3.2.1.2).   

The minimum threshold for groundwater elevation decline in the 180-Foot and 400-Foot Aquifers is 
therefore established consistent with the SVBGSA regional thresholds of  groundwater elevations at 
RMS in the 180-Foot or 400-Foot Aquifers that are 1 foot above historical low groundwater elevations 
measured in 2015 as determined from analysis of the hydrographs included in Appendix 3.D.  For RMS 
located near well 14S/02E-08M02, which is approximately 1 mile northeast of the MGSA Area, minimum 
thresholds were adjusted to better match the minimum threshold adopted by SVBGSA for the 400-Foot 
Aquifer at this location, and in the overlying 180-Foot Aquifer in accordance with existing vertical 
gradients..  These elevations are generally relatively consistent with SVBGSA’s minimum thresholds and 
are appropriate given seasonal groundwater level fluctuation as well as thresholds commonly used to 
assess interference drawdown to prevent nearby groundwater users from experiencing significant and 
unreasonable impacts. 

4.4.2.3 RELATIONSHIP BETWEEN MINIMUM THRESHOLDS AND OTHER SUSTAINABILITY INDICATORS  

Regulation Requirements  
§ 354.28 (b) The description of minimum thresholds shall include the following: 
  (2) The relationship between the minimum thresholds for each sustainability indictor, including an explanation of how the 

Agency has determined that basin conditions at each minimum threshold will avoid undesirable results for each of the 
sustainability indicators.  

(c) Minimum thresholds for each sustainability indicator shall be defined as follows: 
  (1) Chronic Lowering of Groundwater Levels.  The minimum threshold for chronic lowering of groundwater levels shall be 

the groundwater elevation indicating a depletion of supply at a given location that may lead to undesirable results. 
Minimum thresholds for chronic lowering of groundwater levels shall be supported by the following: 

    (B) Potential effects on other sustainability indicators. 
 
The groundwater elevation minimum thresholds are derived from historical groundwater elevation 
measurements.  Therefore, the minimum thresholds are unique at every RMS, but when combined 
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represent a “compliance surface.”  The distribution of groundwater elevations in this compliance surface 
is a historically accurate, and reasonably achievable condition; that is, individual minimum threshold 
values at each well will not conflict with each other. 

Groundwater elevation minimum thresholds can influence other sustainability indicators.  The 
groundwater elevation minimum thresholds are selected to avoid undesirable results for other 
sustainability indicators. 

• Reduction in groundwater storage.  As discussed in Section 4.5, a significant and unreasonable 
condition for change in groundwater storage is defined as an annual extraction of groundwater 
in the MGSA Area that falls above the total long-term sustainable yield of the Subbasin 
established by SVBGSA or that results in depletion of the amount of low-TDS groundwater in 
storage in the Dune Sand, 180-Foot and 400-Foot Aquifers east of the MGSA Area.  The 
minimum thresholds for groundwater elevation decline were selected to protect the beneficial 
uses of groundwater in the Dune Sand Aquifer by GDEs and to provide continuity with regional 
minimum thresholds for the 180-Foot and 400-Foot Aquifer.  Decline of groundwater elevations 
would be associated with changes in storage, and will be used in combination with water quality 
monitoring to assess changes in low-TDS groundwater storage.  These sustainable management 
criteria will be used in combination to manage both chronic decline in groundwater levels and 
reduction in groundwater storage.  Although the minimum thresholds may not be precisely 
aligned, they are compatible and related, and will be used in combination to assure sustainable 
groundwater management.  These thresholds may be refined during GSP implementation as 
more information and better tools become available.  Therefore, the groundwater elevation 
decline minimum threshold is unlikely to result in a significant and unreasonable reduction in 
groundwater storage.   

• Seawater intrusion.  As discussed in Section 4.6, significant and unreasonable seawater 
intrusion is defined as the migration of chloride isocontours that define the extent of seawater 
intrusion as of 2017 (for the 180-Foot, 400-Foot and Deep Aquifers) or 2018 (for the Dune Sand 
Aquifer).  Groundwater elevation minimum thresholds were established to be consistent with 
thresholds established by SVBGSA to prevent inland gradients that may result in the advance of 
seawater intrusion in the 180- and 400-Foot Aquifers.  As discussed in Section 3.2.3.2, a decline 
in groundwater levels would lead to a change in the interface dynamics between the saline 
water intrusion wedge and the overlying low-TDS zone.  Compliance with the groundwater 
elevation decline minimum threshold will help to assure a reasonable balance is maintained.  As 
such, the minimum thresholds for groundwater elevation decline and seawater intrusion are 
compatible and related, and will be used in combination to assure sustainable groundwater 
management.  Furthermore, the thresholds may be adjusted during GSP implementation as 
more information becomes available in order to refine their alignment.  Therefore, the 
groundwater level decline minimum threshold is unlikely to result in significant and 
unreasonable seawater intrusion, but rather, will help to prevent seawater intrusion. 

• Degraded water quality.  As discussed in Section 4.7, significant and unreasonable degradation 
of groundwater quality is defined as the lateral or vertical migration of a TDS isocontour, or the 
induced migration of a contaminant contour exceeding water quality objectives in a nearby 
contamination plume.  This sustainability indicator is closely related to changes in the dynamic 
equilibrium between the saline water intrusion wedge near the shore and the overlying low-TDS 
groundwater zone that could be caused by groundwater level decline.  As such, although the 
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minimum thresholds may not be precisely aligned, they are compatible and related, and will be 
used in combination to assure sustainable groundwater management.  Furthermore, the 
thresholds for degraded water quality and groundwater elevation decline may be adjusted 
during GSP implementation as more information becomes available in order to refine their 
alignment.  Therefore, the groundwater elevation decline minimum threshold is unlikely to 
result in significant and unreasonable degraded water quality, but rather, will help to protect 
water quality. 

• Subsidence.  A significant and unreasonable condition for subsidence is any measurable long-
term inelastic subsidence that damages existing infrastructure.  Subsidence is caused by 
depressurization and compaction of fine-grained sediments in response to lowering 
groundwater levels, especially in confined systems when groundwater elevations fall below 
historical lows.  The groundwater elevation minimum thresholds are set within 1 foot of 
historical low groundwater elevations, making measurable subsidence unlikely.   

• Depletion of interconnected surface waters.  A significant and unreasonable condition for the 
depletion of interconnected surface waters is depletion that induces significant and 
unreasonable degradation of GDEs, seawater intrusion in the tidal reaches of the river, or 
groundwater pumping-induced depletion of flow in the Salinas River that results in significant 
and unreasonable impacts to surface water uses.  Lowering average groundwater elevations in 
areas adjacent to GDEs or other interconnected surface water bodies will incrementally increase 
depletion rates; however, the thresholds for groundwater level decline are set within the range 
of historical groundwater elevations in the Dune Sand Aquifer, which is unlikely to increase 
depletion to the point where it adversely affects GDEs or beneficial uses of surface water in the 
Salinas River.  Furthermore, the threshold for groundwater level decline in the Dune Sand 
Aquifer was set specifically to be protective of the beneficial uses of surface water by wetland 
communities.  For these reasons, the minimum threshold for chronic decline of groundwater 
levels is unlikely to result in significant and unreasonable impacts to the beneficial uses of 
surface water.   

4.4.2.4 MINIMUM THRESHOLDS IN RELATION TO ADJACENT SUBBASINS AND GSPS 

Regulation Requirements  
§ 354.28 (b) The description of minimum thresholds shall include the following: 
  (3) How minimum thresholds have been selected to avoid causing undesirable results in adjacent basins or affecting the 

ability of adjacent basins to achieve sustainability goals. 
 
The MGSA Area is located adjacent to the Monterey Subbasin and shares boundaries with MCWD GSA 
and SVBGSA.  The minimum threshold was selected to prevent potential locally-caused undesirable 
results from unsustainable groundwater extraction in the MGSA Area, while retaining compatibility with 
regional sustainable management criteria.  Sustainable management criteria were established in 
coordination with MCWD GSA to support its sustainable management strategy.  In addition, the 
minimum threshold for the 180-Foot and 400-Foot Aquifers was selected to be compatible with 
SVBGSA’s minimum thresholds, which apply to the remainder of the Subbasin and to the portion of the 
Monterey Subbasin that is not managed by MCWD GSA.  The thresholds represent a smooth 
groundwater elevation surface and would be continuous across inter-agency and inter-basin boundaries.  
As such, these thresholds will promote cohesive management to achieve the sustainability goals of 
MGSA, SVBGSA, and MCWD GSA.   
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MGSA’s local sustainable management criteria for the Dune Sand Aquifer are compatible with SVBGSA’s 
management strategy for the underlying regional aquifers.  The minimum thresholds for the Dune Sand 
Aquifer to address local resource conditions will not impede or conflict with SVBGSA’s ability to reach 
their sustainability goals.  To the contrary, they will protect sensitive local resources in the portion of the 
Subbasin managed by SVBGSA from potential harm caused by unsustainable groundwater extraction in 
the MGSA Area.   

4.4.2.5 IMPACT OF MINIMUM THRESHOLDS ON BENEFICIAL USES AND USERS  

Regulation Requirements: 
§ 354.28 (b) The description of minimum thresholds shall include the following: 
  (4) How minimum thresholds may affect the interests of beneficial uses and users of groundwater or land uses and 

property interests. 
 
The groundwater elevation minimum thresholds may have the following effects on beneficial users and 
land uses in the Subbasin:  

• The threshold for the Dune Sand Aquifer is designed to prevent significant impacts to GDEs by 
assuring the groundwater supply on which they rely is not unreasonably affected by 
groundwater extraction in the MGSA Area.  This will help to preserve protected habitats and 
species. 

• The threshold for the 180-Foot and 400-Foot Aquifers is set within the range of historical 
groundwater level fluctuation, with the intent that beneficial users of groundwater for 
domestic, irrigation and small non-transient supply systems near the MGSA Area would not 
experience significant interference drawdown as a result of groundwater pumping in the MGSA 
Area.  In addition, gradients that could induce the advancement of seawater intrusion would be 
controlled consistent with SVBGSA’s regional strategy, so that the effect of seawater intrusion 
on downgradient groundwater users and property owners would not increase, and potentially 
could decrease as planned recharge and in lieu recharge projects are implemented. 

• By setting the threshold within the historical range of groundwater level fluctuation, the 
likelihood of significant depletion of groundwater resources is decreased, protecting the water 
rights of potential beneficial users.   

• If the MPWSP is constructed and groundwater elevations decline to trigger levels established in 
Chapter 6, management actions will be implemented to address groundwater level decline 
before undesirable results occur.   

4.4.2.6 CURRENT STANDARDS RELEVANT TO SUSTAINABILITY INDICATOR  

Regulation Requirements: 
§354.28 (b) The description of minimum thresholds shall include the following: 
  (5) How state, federal, or local standards relate to the relevant sustainability indicator.  If the minimum threshold differs 

from other regulatory standards, the Agency shall explain the nature of and basis for the difference.   
 
No federal, state, or local standards exist for chronic lowering of groundwater elevations.  
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4.4.2.7 MEASUREMENT OF MINIMUM THRESHOLDS  

Regulation Requirements:  
§354.28 (b) The description of minimum thresholds shall include the following: 
(6) How each minimum threshold will be quantitatively measured, consistent with the monitoring network requirements 

described in Subarticle 4. 
 
Groundwater elevation minimum thresholds will be directly measured at RMS in the monitoring well 
network.  The groundwater level monitoring will be conducted in accordance with the monitoring plan 
outlined in Chapter 5.  Furthermore, the groundwater level monitoring will meet the requirements of 
the technical and reporting standards included in DWR’s Regulations.  A biological resource investigation 
will be conducted as described in Chapter 7 to assess GDE susceptibility to drawdown, establish current 
baseline conditions, and develop a GDE response monitoring program. 

4.4.3 MEASURABLE OBJECTIVES AND INTERIM MILESTONES 
Regulation Requirements: 
§354.30 (a) Each Agency shall establish measurable objectives, including interim milestones in increments of five years, to 

achieve the sustainability goal for the basin with 20 years of Plan implementation and to continue to sustainably 
manage the groundwater basin over the planning and implementation horizon.  

(b) Measurable objectives shall be established for each sustainability indicator, based on quantitative values using the same 
metrics and monitoring sites as are used to define the minimum thresholds.  

(c) Measurable objectives shall provide a reasonable margin of operational flexibility under adverse conditions which shall 
take into consideration components such as historical water budgets, seasonal and long-term trends, and periods of 
drought, and be commensurate with levels of uncertainty.  

(e) Each Plan shall describe a reasonable path to achieve the sustainability goal for the basin within 20 years of Plan 
implementation, including a description of interim milestones for each relevant sustainability indicator, using the same 
metric as the measurable objective, in increments of five years. The description shall explain how the Plan is likely to 
maintain sustainable groundwater management over the planning and implementation horizon. 

 
The measurable objectives for chronic lowering of groundwater levels represent target groundwater 
elevations that are higher than the minimum thresholds in order to provide early warning so potentially 
adverse trends can be addressed in a timely fashion.  Measurable objectives are also established to 
leave adequate operating flexibility to deal with anticipated variability in conditions such as seasonal 
and inter-annual climatic variations and droughts, uncertainties in aquifer conditions or unanticipated 
events.  As stated in Section 4.2,  

“MGSA will manage groundwater resources in the MGSA Area in a way that ensures all 
beneficial uses and users in, or affected by, groundwater management in the MGSA Area are 
protected from undesirable results, and have access to a safe and reliable groundwater supply 
that meets current and future demand.”   

The measurable objectives established for groundwater level decline are summarized in Table 4-2, and 
were developed based on the following approach: 

• Dune Sand Aquifer.  An elevation 1 foot above 2015 low groundwater levels in RMS near GDEs 
located east of the MGSA Area was adopted to establish the interim minimum thresholds.  
These minimum thresholds will be updated as warranted based on future planned investigations 
to address existing data gaps in the relationship between groundwater level declines and GDE 
response, as discussed in Chapter 7.  MGSA adopts these minimum thresholds as measurable 
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objectives on an interim basis as the data gaps are addressed and sustainable management 
criteria are updated early during the GSP implementation process.  Based on the limited 
amplitude of seasonal and inter-annual fluctuation in groundwater levels in the Dune Sand 
Aquifer and the planned schedule for data gap analysis, this approach allows for protection of 
GDEs while allowing near-term flexibility in groundwater management.   

TABLE 4-2.  MEASURABLE OBJECTIVES AND INTERIM MILESTONES FOR CHRONIC DECLINE IN GROUNDWATER LEVELS 

Monitoring 
Site Aquifer 

Minimum 
Threshold 

(ft NAVD88) 

Current 
Groundwater 

Level* 
(ft NAVD88) 

Interim 
Milestone at 

Year 2025 
(ft NAVD88) 

Interim 
Milestone 

at Year 2030 
(ft NAVD88) 

Interim 
Milestone 

at Year 2035 
(ft NAVD88) 

Measurable 
Objective 

(goal at Year 
2040) 

(ft NAVD88) 

MW-4S Dune 
Sand 4.0 6.2 5.6 5.1 4.5 4.0 

MW-4M 180-Foot -2.0 0.8 0.4 -0.1 -0.5 -1.0 
MW-4D 400-Foot -14.9 -9.4 -9.3 -9.1 -9.0 -8.8 
MW-5M 180-Foot -6.3 -3.2 -3.1 -3.0 -2.9 -2.8 
MW-5D 400-Foot -16.0 -14.4 -13.3 -12.2 -11.1 -10.0 
MW-6M 180-Foot -25.0 -17.6 -17.7 -17.8 -17.9 -18.0 

MW-7S Dune 
Sand 4.8 8.8 7.8 6.8 5.8 4.8 

MW-7M 180-Foot -6.1 -2.9 -2.8 -2.7 -2.6 -2.5 
MW-7D 400-Foot -13.9 -10.6 -9.9 -9.2 -8.5 -7.8 

MW-8S Dune 
Sand 2.6 4.6 4.1 3.6 3.1 2.6 

MW-8M 180-Foot -4.8 -2.2 -2.2 -2.2 -2.1 -2.1 
MW-8D 400-Foot -14.0 -10.6 -10.0 -9.3 -8.7 -8.0 
MW-9M 180-Foot -10.4 -7.6 -7.4 -7.3 -7.1 -7.0 
MW-9D 400-Foot -24.1 -13.5 -14.6 -15.8 -16.9 -18.0 

Notes: 
NAVD88 = North American Vertical Datum of 1988 

• 180-Foot and 400-Foot Aquifers.  Measurable objectives were established to be consistent with 
those established by SVBGSA to provide a uniform and compatible and implementable strategy 
that addresses undesirable results regionally and allows for appropriate operating flexibility.  
SVBGSA identifies few RMS near the MGSA Area, but in order to establish measurable 
objectives, the groundwater elevation of SVBGSA’s measurable objectives above its minimum 
thresholds for the nearest RMS in the 180- and 400-Foot Aquifers was utilized to establish 
compatible measurable objectives for this GSP, as follows: 

o The nearest SVBGSA RMS identified for the 180-Foot Aquifer are well 4S/02E-03F04, 
located about 4 miles northeast of the MGSA Area, and well 14S/02E-27A01, located 
about 4 miles to the east.  The measurable objectives for these wells are set at 6.1 and 8 
feet above the minimum thresholds, for an average of 7.0 feet.  Therefore, for each 180-
Foot Aquifer RMS in this GSP, the measurable objective was initially established at an 
elevation that is 7.0 feet above the minimum threshold.  Hydrographs for the nested 
wells at each RMS location were then reviewed, and the measurable objective 180-Foot 
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Aquifer Wells was adjusted by scaling between the measurable objectives for the 
shallow and deep wells in accordance with observed vertical gradients to help assure 
that measurable objectives are set at realistically achievable elevations.  Finally, for RMS 
at which minimum thresholds were adjusted to better match minimum thresholds 
adopted by SVBGSA, the measurable objectives were adjusted accordingly. 

o The nearest SVBGSA RMS identified for the 400-Foot Aquifer is well 14S/02E-08M02, 
located about 1 mile northeast of the MGSA Area.  The measurable objectives for this 
well is set at 6.1 feet above the minimum threshold.  Therefore, for each 400-Foot 
Aquifer RMS in this GSP, the measurable objective was initially established at an 
elevation that is 6.1 feet above the minimum threshold.  A similar approach to the 
above was used for final adjustments for RMS near well 14S/02E-08M02. 

The above-derived measurable objectives will be further updated as appropriate as additional 
modeling data from the SVIHM and other tools and studies become available, and in 
coordination with SVBGSA’s update of its GSP.   

4.4.4 UNDESIRABLE RESULTS  
Regulation Requirements: 
§354.26 (a) Each Agency shall describe in its Plan the processes and criteria relied upon to define undesirable results 

applicable to the basin. Undesirable results occur when significant and unreasonable effects for any of the sustainability 
indicators are caused by groundwater conditions occurring throughout the basin. 

§354.26 (b) The description of undesirable results shall include the following: 
   (1) The cause of groundwater conditions occurring throughout the basin that would lead to or has led to undesirable 

results based on information described in the basin setting, and other data or models as appropriate. 
   (2) The criteria used to define when and where the effects of the groundwater conditions cause undesirable results for 

each applicable sustainability indicator. The criteria shall be based on a quantitative description of the combination of 
minimum threshold exceedances that cause significant and unreasonable effects in the basin.  

(3) Potential effects on the beneficial uses and users of groundwater, on land uses and property interests, and other 
potential effects that may occur or are occurring from undesirable results. 

§354.26 (c) The Agency may need to evaluate multiple minimum thresholds to determine whether an undesirable result is 
occurring in the basin. The determination that undesirable results are occurring may depend upon measurements from 
multiple monitoring sites, rather than a single monitoring site. 

 
Under SVBGSA’s GSP, the groundwater elevation undesirable result for the Subbasin, on a regional scale, 
is reached when over the course of any one year, more than 15% of the groundwater elevation 
minimum thresholds are exceeded in any single aquifer (i.e., either in the 180-Foot or the 400-Foot 
Aquifer).  The 15% limit on minimum threshold exceedances for chronic lowering of groundwater levels 
allows for four exceedances in the 23 existing monitoring wells in SVBGSA’s current monitoring network: 
two in the 180-Foot Aquifer and two in the 400-Foot Aquifer.  This was considered by SVBGSA a 
reasonable number of exceedances given the hydrogeologic uncertainty of the Subbasin.  Although the 
monitoring well network currently employed by SVBGSA does not include any wells located southwest 
of the Salinas River near the MGSA Area, the sustainable management criteria adopted by SVBGSA, 
combined with their projects and management actions, are expected by SVBGSA to lead to stabilization 
and likely improvement of the landward gradients in the 180-Foot and 400-Foot Aquifers that have led 
to seawater intrusion regionally.   

Based on the information in the previous sections, the local definition for significant and unreasonable 
groundwater level decline considers the following additional criteria: 
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• Groundwater drawdown in the 180-Foot or 400-Foot Aquifers below historical low groundwater 
elevations during SVBGSA’s representative hydrologic period, assumed to be 1 foot above low 
groundwater levels measured in 2015 has been determined to be an appropriate definition of 
minimum thresholds by both SVBGSA and MGSA; 

• This minimum threshold addresses potential undesirable results related to interference 
drawdown that adversely affects the capacity or economic viability of existing wells;  

• This minimum threshold also limits landward gradients that drive inland seawater intrusion; and 

• A similar approach has been determined by MGSA to be an appropriate definition for minimum 
thresholds in the Dune Sand Aquifer and would prevent drawdown in the Dune Sand Aquifer 
that is sufficient to cause vegetative stress in GDEs that leads to habitat degradation or harm to 
protected species.   

The causes of potential undesirable results are discussed in Section 4.4.1 and the potential effects of 
undesirable results on the beneficial users of groundwater, land uses and property owners are discussed 
in Sections 4.4.1 and 4.4.2.   

An undesirable result for chronic decline in groundwater levels is defined using the following 
combinations of minimum thresholds identified in Section 4.4.2: 

• For the Dune Sand Aquifer, an undesirable result is defined to occur when minimum thresholds 
are exceeded at two or more RMS.  There are currently three RMS located near GDEs proximal 
to the MGSA Area (MW 4S, 7S and 8S).  Review of hydrographs for the Dune Sand Aquifer 
included in Appendix 3.D indicates that groundwater levels can be affected by a variety of 
influences, including groundwater extraction, recharge from precipitation, recharge from the 
Salinas River and climatic factors.  In order to account for uncertainty in aquifer conditions, an 
exceedance at two locations (66% of the RMS) is considered to provide an adequate level of 
confidence that an undesirable result is occurring given uncertainty about the aquifer system.   

• The definition for undesirable results in the 180-Foot and 400-Foot Aquifers is an exceedance of 
the minimum thresholds in 15% or more of the RMS (i.e., two or more wells) in the MGSA 
groundwater elevation monitoring well network that are located proximal to potential 
drawdown receptors (MW 4M, 4D, 5M, 5D, 6M, 6M(L), 7M, 7L, 8M, 8L, 9M, and 9L).   

The above definitions are effectively a westward and upward extension of the undesirable result 
definition adopted by SVBGSA for the Subbasin, so as to avoid the formation of regional groundwater 
gradients that were determined to be significant and unreasonable and that could result in the 
advancement of seawater intrusion.  Based on the available data, these thresholds will also be adequate 
to prevent significant and unreasonable well interference drawdown.  There are at least three small 
water supply systems reliant on groundwater in the area, and additional irrigation and domestic wells 
may exist.  Therefore, interference drawdown of existing wells is a potential impact to be monitored as 
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part of the Mitigation Monitoring and Reporting Plan (MMRP) (Zidar and Feeney 2019) for the proposed 
MPWSP and is a potential impact prevented under this GSP.   

Additional beneficial users of shallow groundwater within the Dune Sand Aquifer include GDEs which 
could also be adversely affected by groundwater elevation declines induced by pumping in the MGSA 
Area.  As discussed in Section 3.2.6.1, several GDEs that support protected habitat and species are 
located in the vicinity of the MGSA Area.  The identified GDEs include palustrine and emergent wetlands 
(vernal ponds) with protected habitat and species, and are located to the east, northeast and southeast 
of the MGSA Area.  In addition, riparian vegetation and riverine wetlands were identified along the 
Salinas River that may be at least partly dependent on groundwater.  Shallow groundwater drawdown 
induced by pumping in the MGSA Area could adversely affect these GDEs, harming or degrading 
protected habitat, and harming protected species.  Drawdown of the shallow groundwater table below 
the normal range of seasonal variation has the potential to induce stress in vegetation that is dependent 
upon groundwater for all or a portion of the year, and unable to adapt to the greater groundwater 
depths.  As a result, GDEs can be destroyed, undergo succession to a different state, or be otherwise 
degraded.  The above definition of undesirable results recognizes this possibility and is the basis for 
sustainable management of this resource that would prevent significant and unreasonable impacts. 

4.5 REDUCTION IN GROUNDWATER STORAGE  
4.5.1 LOCAL FACTORS POTENTIALLY CONTRIBUTING TO SIGNIFICANT AND UNREASONABLE 
CONDITIONS 
Regionally, reduction in storage in the Subbasin’s aquifers has historically occurred and is ongoing due to 
groundwater production for agricultural, municipal, and domestic use that exceeds the long-term 
sustainable yield of the Subbasin (SVBGSA 2019).  As previously described, a large groundwater 
depression has developed north of Salinas and is apparent on both the 180-Foot/Shallow East Side 
Aquifers and 400-Foot/Deep East Side Aquifer maps, where elevations are generally -80 to -120 feet msl, 
and has led to other undesirable results.  As a result, less groundwater in storage is available as a buffer 
against surface water supply shortfalls without causing undesirable results, most notably seawater 
intrusion.  In keeping with this condition, SVBGSA’s GSP defines significant and unreasonable reductions 
in groundwater storage in the Subbasin as those that:  

• Lead to long-term reduction in groundwater storage; 
• Lead to seawater intrusion and a reduction of water quality; 
• Interfere with other sustainability indicators; and 
• Affect GDEs and interconnected surface water. 

Locally, the MGSA Area is located at the western edge of a substantial zone of low-TDS groundwater 
(TDS < 3,000 mg/L) extending vertically from the DSA into the180-Foot Aquifer and the 400-Foot Aquifer 
Sections 3.1.12 and 3.2.2.  The volume of low-TDS groundwater in storage within the DSA alone has 
been estimated to be 188,000 acre-feet (Gottschalk et al. 2018).  The State Water Resources Control 
Board (SWRCB) has designated groundwater with TDS concentrations of less than 3,000 mg/L as having 
an actual or potential beneficial use as municipal and domestic supply (SWRCB Resolution No. 88-63).  
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The proposed MPWSP slant supply wells would draw source water from the Dune Sand and 180-Foot 
Aquifers, including water from this low-TDS zone.  California law and the California Public Utilities 
Commission decision regarding the proposed MPWSP require that groundwater extraction for that 
proposed project may not adversely affect existing beneficial groundwater users or groundwater right 
holders (CPUC 2018).  Thus, this low-TDS groundwater zone is the primary Subbasin groundwater 
storage that could be depleted by groundwater extraction in the MGSA Area. 

As described Section 3.3.13, the local contribution to the sustainable yield from groundwater extraction 
in the MGSA Area is the amount of groundwater that can be withdrawn annually over a period of time 
without causing undesirable results within or near the MGSA Area.  Undesirable results include, but may 
not be limited to, the following significant and unreasonable impacts beyond a 2015 baseline condition: 

• Chronic groundwater level decline in the Dune Sand Aquifer that adversely effects GDEs or other 
beneficial groundwater users, including holders of overlying groundwater rights; 

• Further seawater intrusion into the Dune Sand, 180-Foot, 400-Foot, and/or Deep Aquifers; or 

• Degradation of the low-TDS groundwater zone within the Dune Sand and/or 180-Foot Aquifer. 

Groundwater extraction for the CEMEX plant has been ongoing since the 1960s without reports of 
undesirable results, and represents the only long-term groundwater extraction within the MGSA Area.  It 
is possible that this well is withdrawing a combination of saline and low-TDS groundwater.  Data are not 
available to assess if groundwater extraction from the CEMEX well historically contributed to seawater 
intrusion in this area since the 1960s when pumping started, but based on the available data the 
groundwater level and quality conditions associated with this extraction were likely stable by 2015 and 
therefore considered sustainable under SGMA.  However, due to concern about limiting extractions to 
avoid seawater intrusion, the City of Marina, MCWD, and Monterey County entered into the 1996 
Annexation Agreement (provided as Appendix 8.B) limiting extractions at the CEMEX property to 500 
AFY.   

Water quality trends and groundwater elevations during test slant well pumping at a rate of 2,860 AFY 
from April 2015 to February 2018 indicate that low TDS groundwater (< 3,000 mg/L TDS) from the inland 
portion of the Dune Sand and 180-Foot Aquifers was likely being captured during the test, and that the 
equilibrium between the saline groundwater wedge and low TDS groundwater zone within and east of 
the MGSA Area may have been at least temporarily affected.  As previously described, ET from nearby 
GDEs decreased significantly during this test, due to a combination of drawdown and drought 
conditions.  The ET from this GDE has since recovered, but it is not known whether vegetative stress 
resulted in longer-term changes to the habitat community composition or quality.  For these reasons, 
without additional data and modeling tools, it is not possible to assess whether continued pumping at 
the rate of the test slant well would be sustainable in the long term or whether it would cause 
undesirable results that indicate a significant and unreasonable reduction in groundwater storage.  If the 
MPWSP is fully approved and implemented, the proposed increased source water pumping rate of 
17,400 AFY would have a greater effect on the local groundwater budget, potentially further stressing 
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sustainability indicators including groundwater level decline (and impacts to GDEs), water quality 
degradation, and seawater intrusion.   

The construction of new wells in the Deep Aquifer is currently prohibited and there are no plans to 
construct any Deep Aquifer wells within the MGSA Area.  As discussed in Chapter 6, MGSA will support 
management actions by SVBGSA to strengthen these prohibitions.  For these reasons, undesirable 
results, minimum thresholds, and measurable objectives for reduction in groundwater storage are not 
adopted for the Deep Aquifer in this GSP.   

4.5.2 MINIMUM THRESHOLDS  
Regulation Requirements: 
§354.28 (a) Each Agency in its Plan shall establish minimum thresholds that quantify groundwater conditions for each 

applicable sustainability indicator at each monitoring site or representative monitoring site established pursuant to 
Section 354.36.  The numeric value used to define minimum thresholds shall represent a point in the basin that, if 
exceeded, may cause undesirable results as described in Section 354.26. 

(b) The description of minimum thresholds shall include the following: 
  (1) The information and criteria relied upon to establish and justify the minimum thresholds for each sustainability 

indicator. The justification for the minimum threshold shall be supported by information provided in the basin setting, 
and other data or models as appropriate, and qualified by uncertainty in the understanding of the basin setting. 

(c) Minimum thresholds for each sustainability indicator shall be defined as follows: 
  (2) Reduction of Groundwater Storage. The minimum threshold for reduction of groundwater storage shall be a total 

volume of groundwater that can be withdrawn from the basin without causing conditions that may lead to undesirable 
results. Minimum thresholds for reduction of groundwater storage shall be supported by the sustainable yield of the 
basin, calculated based on historical trends, water year type, and projected water use in the basin. 

(d) An Agency may establish a representative minimum threshold for groundwater elevation to serve as the value for 
multiple sustainability indicators, where the Agency can demonstrate that the representative value is a reasonable 
proxy for multiple individual minimum thresholds as supported by adequate evidence. 

 
Section 354.28(c)(2) of the Regulations state that “The minimum threshold for reduction of groundwater 
storage shall be a total volume of groundwater that can be withdrawn from the basin without causing 
conditions that may lead to undesirable results.”  SVBGSA has adopted a basin-wide minimum threshold 
equal to the total volume of groundwater that can be annually withdrawn from the Subbasin without 
leading to a long-term reduction in groundwater storage or interfering with other sustainability 
indicators, which is a calculated long-term average sustainable yield of 112,000 AFY.  The minimum 
threshold applies to pumping of natural recharge only.  Pumping of intentionally recharged water that is 
not part of the natural recharge is not considered when compared against the minimum threshold.  
SVBGSA’s calculations account for current land use, future urban growth, and anticipated reasonable 
climate change.  Seawater intrusion (i.e., seawater inflow volume) is not considered part of the 
sustainable yield.  SVBGSA’s GSP states that during average hydrogeologic conditions, and as a long-
term average over all hydrogeologic conditions, total groundwater pumping shall not exceed the 
minimum threshold, which is equivalent to the long-term sustainable yield of the aquifers in the 
Subbasin.  SVBGSA states the sustainable yield is an estimate only and will be updated as additional 
studies are undertaken and data are compiled (e.g., to address identified data gaps).  Release of the 
SVIHM by the USGS, which is currently expected in late 2020, will represent a significant improvement in 
the tools available for assessment of Subbasin sustainable yield, and SVBGSA, MCWD GSA and MGSA all 
plan to use this tool to refine their understanding of the local and regional water budgets.   
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Because the local tools to further assess the MGSA Area component of the Subbasin-wide sustainable 
yield are not yet available, this GSP adopts SVBGSA’s basin-wide sustainable yield estimate as a 
minimum threshold, supplemented locally by the following interim minimum threshold related to the 
low-TDS groundwater zone near the MGSA Area in order to prevent undesirable results from 
groundwater extraction in the MGSA Area: 

• A decrease in the amount of low-TDS groundwater in storage in the Dune Sand, 180-Foot and 
400-Foot Aquifers as measured by groundwater elevations, extraction reporting and induction 
logging.   

This interim minimum threshold is adopted to prevent significant and unreasonable impacts to GDEs, 
seawater intrusion, groundwater quality degradation, and potential harm to overlying groundwater 
right holders, while the data gaps regarding the sustainable yield are addressed as discussed in Chapters 
6 and 7, and until a local sustainable yield volume minimum threshold can be determined. 

The relationship between groundwater elevations (combined with induction logging and extraction 
volume logging to assess changes in the volume of low-TDS groundwater storage) and undesirable 
results related to chronic groundwater level decline (through significant and unreasonable impacts to 
GDEs), seawater intrusion and groundwater quality degradation is discussed in Section 4.5.1.   

4.5.2.1 RELATIONSHIPS BETWEEN MINIMUM THRESHOLDS AND OTHER SUSTAINABILITY INDICATORS  

Regulation Requirements: 
§354.28 (b) The description of minimum thresholds shall include the following: 
  (2) The relationship between the minimum thresholds for each sustainability indictor, including and explanation of how the 

Agency has determined that basin conditions at each minimum threshold will avoid undesirable results for each of the 
sustainability indicators. 

 
The minimum threshold for reduction in groundwater storage is based on a basin-wide estimate of 
sustainable yield shared by the GSAs with jurisdiction in the Subbasin, supplemented by a local storage 
threshold that prevents undesirable results while data gaps in the local and regional sustainable yield 
are addressed.  Therefore, there is no conflict between the minimum threshold  application at different 
locations in the Subbasin. 

Groundwater storage reduction thresholds are related to other sustainability indicators in the MGSA 
Area and its vicinity.  The groundwater storage reduction threshold was selected to avoid undesirable 
results for other sustainability indicators and to promote compatible management strategies.  By 
definition, the sustainable yield must avoid undesirable results related to any of the other sustainability 
indicators.  If measurable objectives and interim milestones are not met, MGSA will act to curtail local 
pumping to sustainable levels and refine the local sustainable yield estimate.  MGSA will also coordinate 
with SVBGSA to update the regional sustainable yield estimate as appropriate. 

• Chronic decline in groundwater levels. As discussed in Section 4.4, a significant and 
unreasonable condition for change in groundwater elevations is a decline below levels that 
cause GDE stress, result in significant and unreasonable interference drawdown, or decline 
below levels regionally determined by SVBGSA to result in undesirable conditions related to 
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seawater intrusion.  Decline of groundwater elevations would be associated with changes in 
storage and will be used in combination with water quality monitoring to assess changes in low-
TDS groundwater storage.  These sustainable management criteria will be used in combination 
to manage both chronic decline in groundwater levels and reduction in groundwater storage.  
Although the minimum thresholds may not be precisely aligned, they are compatible and 
related, and will be used in combination to assure sustainable groundwater management.  
Indeed, the interim minimum threshold for reduction in storage has been developed to prevent 
potential undesirable results related to decline in groundwater levels.  These thresholds may be 
refined during GSP implementation as more information and better tools become available.  
Therefore, the groundwater storage reduction minimum threshold is unlikely to result in 
significant and unreasonable groundwater level decline.   

• Seawater intrusion. As discussed in Section 4.6, significant and unreasonable seawater intrusion 
is defined as the migration of chloride isocontours that define the extent of seawater intrusion 
as of 2017 (for the 180-Foot, 400-Foot and Deep Aquifers) or 2018 (for the Dune Sand Aquifer).  
This sustainability indicator is closely related to changes in the dynamic equilibrium between the 
saline water intrusion wedge near the shore and the overlying low-TDS groundwater zone.  By 
definition, sustainable yield is predicated in the avoidance of undesirable results, including 
seawater intrusion, and the sustainable management of seawater intrusion and reduction in 
storage will be coordinated.  Indeed, the interim minimum threshold for reduction in storage 
has been developed to prevent potential undesirable results related to seawater intrusion.  The 
thresholds for seawater intrusion and reduction in storage may be adjusted during GSP 
implementation as more information becomes available in order to refine their alignment and 
assure the avoidance of undesirable results.  Therefore, the groundwater storage reduction 
minimum threshold is unlikely to result in significant and unreasonable seawater intrusion, but 
rather, may help to prevent seawater intrusion. 

• Degraded water quality. As discussed in Section 4.7, significant and unreasonable degradation 
of groundwater quality is defined as the lateral or vertical migration of a TDS isocontour, or the 
induced migration of a contaminant contour exceeding water quality objectives in a nearby 
contamination plume.  This sustainability indicator is closely related to seawater intrusion.  By 
definition, sustainable yield is predicated in the avoidance of undesirable results, including 
degradation in groundwater quality, and the sustainable management of groundwater quality 
degradation and reduction in storage will be coordinated.  Indeed, the interim minimum 
threshold for reduction in storage has been developed to prevent potential undesirable results 
related to groundwater quality degradation.  The thresholds for degraded water quality and 
reduction in storage may be adjusted during GSP implementation as more information becomes 
available in order to refine their alignment and assure the avoidance of undesirable results.  
Therefore, the groundwater storage reduction minimum threshold is unlikely to result in 
significant and unreasonable degraded water quality, but rather, may help to protect water 
quality. 

• Subsidence. A significant and unreasonable condition for subsidence is any measurable long-
term inelastic subsidence that damages existing infrastructure.  Subsidence is caused by 
depressurization and compaction of fine-grained sediments in response to lowering 
groundwater levels, especially in confined systems when groundwater elevations fall below 
historical lows.  Since the threshold for reduction in groundwater storage is unlikely to be 
associated with significant and unreasonable declines in groundwater elevations, measurable 
subsidence is unlikely.   
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• Depletion of interconnected surface waters. A significant and unreasonable condition for the 
depletion of interconnected surface waters is depletion that induces significant and 
unreasonable degradation of GDEs, seawater intrusion in the tidal reaches of the river, or 
groundwater pumping-induced depletion of flow in the Salinas River that results in significant 
and unreasonable impacts to beneficial surface water uses.  As discussed above, the minimum 
threshold for reduction in groundwater storage is unlikely to result in a significant and 
unreasonable decline in groundwater levels.  Without a significant decline in groundwater 
levels, significant changes in surface water depletion are not anticipated.  Therefore, the 
groundwater storage reduction minimum threshold is unlikely to result in significant and 
unreasonable depletion of interconnected surface water.   

4.5.2.2 MINIMUM THRESHOLDS IN RELATION TO ADJACENT SUBBASINS AND GSPS 

Regulation Requirements  
§ 354.28 (b) The description of minimum thresholds shall include the following: 
  (3) How minimum thresholds have been selected to avoid causing undesirable results in adjacent basins or affecting the 

ability of adjacent basins to achieve sustainability goals. 
 
The MGSA Area is located adjacent to the Monterey Subbasin and shares boundaries with MCWD GSA 
and SVBGSA.  The aquifers for which the minimum thresholds were developed extend from the 180/400 
Foot Aquifer Subbasin into the Monterey Subbasin south and southeast of the MGSA Area.  The 
minimum threshold was selected to prevent potential locally-caused undesirable results caused by 
unsustainable groundwater extraction in the MGSA Area, while retaining compatibility with regional 
sustainable management criteria that will be coordinated across Subbasin boundaries.  Sustainable 
management criteria were coordinated with MCWD to support their sustainable management strategy 
in the adjacent Monterey Subbasin.  MCWD also participated in the development of SVBGSA’s GSP, 
including establishment of the regional sustainable management criteria for groundwater storage 
depletion adopted in this GSP, and therefore, the sustainable management criteria are regionally 
compatible across the jurisdictions of all the GSAs in the 180/400 Foot Aquifer Subbasin and the 
adjacent Monterey Subbasin, and will promote cohesive management to achieve the sustainability goals 
of MGSA, SVBGSA, and MCWD GSA.   

SVBGSA’s GSP does not present sustainable management criteria for the Dune Sand Aquifer; however, 
the SVBGSA GSP water budget and sustainable yield estimates include recharge through the Dune Sand 
Aquifer, so in effect, it is included in these estimates.  In addition, we understand that MCWD GSA 
intends to manage the Dune Sand Aquifer as a principal aquifer in the GSP for the Monterey Subbasin.  
As such, the fact that the minimum threshold for groundwater storage depletion in this GSP applies to 
the Dune Sand as well as the 180-Foot and 400-Foot Aquifers will not conflict with the ability of MCWD 
GSA or SVBGSA to meet their respective sustainability goals.   

4.5.2.3 IMPACT OF MINIMUM THRESHOLDS ON BENEFICIAL USES AND USERS  

Regulation Requirements: 
§ 354.28 (b) The description of minimum thresholds shall include the following: 
  (4) How minimum thresholds may affect the interests of beneficial uses and users of groundwater or land uses and 

property interests. 
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The groundwater storage reduction minimum threshold may have the following effects on beneficial 
users and land uses in the Subbasin:  

• The threshold will help to maintain the amount of low-TDS water in storage with a designated 
potential beneficial use for domestic and municipal supply. 

• The threshold will serve to assure that the low-TDS/saline water balance in the seaward side of 
the Subbasin is retained, helping to control seawater intrusion and benefiting municipal and 
irrigation groundwater uses and users. 

• The threshold will help assure the future availability of groundwater with potential beneficial 
uses to groundwater right holders.  

4.5.2.4 CURRENT STANDARDS RELEVANT TO SUSTAINABILITY INDICATOR  

Regulation Requirements: 
§354.28 (b) The description of minimum thresholds shall include the following: 
  (5) How state, federal, or local standards relate to the relevant sustainability indicator.  If the minimum threshold differs 

from other regulatory standards, the Agency shall explain the nature of and basis for the difference.   
 
No federal, state, or local standards exist for reduction of groundwater storage.  California water law 
requires that if the MPWSP is fully approved and implemented, the project will not obtain appropriative 
water rights if the extraction of groundwater causes injury to existing beneficial users or water rights in 
the Subbasin.   

4.5.2.5 MEASUREMENT OF MINIMUM THRESHOLDS  

Regulation Requirements: 
§354.28 (b) The description of minimum thresholds shall include the following: 
(6) How each minimum threshold will be quantitatively measured, consistent with the monitoring network requirements 

described in Subarticle 4. 
 
Groundwater storage reduction will be measured using the MGSA monitoring well network using a 
combination of groundwater level monitoring together with extraction reporting and induction logging 
to calculate changes in low-TDS groundwater storage as an interim proxy for extraction volume 
estimates alone.  The groundwater level and quality monitoring will be conducted in accordance with 
the monitoring plan outlined in Chapter 5, and will meet the requirements of the technical and reporting 
standards included in the Regulations.   
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4.5.3 MEASURABLE OBJECTIVES AND INTERIM MILESTONES 
Regulation Requirements: 
§354.30 (a) Each Agency shall establish measurable objectives, including interim milestones in increments of five years, to 

achieve the sustainability goal for the basin with 20 years of Plan implementation and to continue to sustainably 
manage the groundwater basin over the planning and implementation horizon.  

(b) Measurable objectives shall be established for each sustainability indicator, based on quantitative values using the same 
metrics and monitoring sites as are used to define the minimum thresholds.  

(c) Measurable objectives shall provide a reasonable margin of operational flexibility under adverse conditions which shall 
take into consideration components such as historical water budgets, seasonal and long-term trends, and periods of 
drought, and be commensurate with levels of uncertainty.  

(e) Each Plan shall describe a reasonable path to achieve the sustainability goal for the basin within 20 years of Plan 
implementation, including a description of interim milestones for each relevant sustainability indicator, using the same 
metric as the measurable objective, in increments of five years. The description shall explain how the Plan is likely to 
maintain sustainable groundwater management over the planning and implementation horizon. 

 
SVBGSA has set a measurable objective for reduction in groundwater storage that is the same as its 
minimum threshold, which is the estimated sustainable yield of the Subbasin of 112,000 AFY.  
Recognizing the practical limitations imposed by the current data gaps, the MGSA adopts the same 
approach in this GSP.  This GSP therefore adopts a regional measurable objective equal to the estimated 
Subbasin sustainable yield of 112,000 AFY, supplemented locally by an interim measurable objective of a 
decrease in the amount of low-TDS groundwater in storage in the Dune Sand, 180-Foot and 400-Foot 
Aquifers as measured by groundwater elevations, extraction reporting and induction logging.  Interim 
milestones shall be equal to the measurable objectives.  The interim local measurable objective will be 
updated as local and regional data gaps regarding Subbasin sustainable yield are addressed in 
accordance with Chapters 6 and 7.   

4.5.4 UNDESIRABLE RESULTS  
Regulation Requirements: 
§354.26 (a) Each Agency shall describe in its Plan the processes and criteria relied upon to define undesirable results 

applicable to the basin. Undesirable results occur when significant and unreasonable effects for any of the sustainability 
indicators are caused by groundwater conditions occurring throughout the basin. 

§354.26 (b) The description of undesirable results shall include the following: 
   (1) The cause of groundwater conditions occurring throughout the basin that would lead to or has led to undesirable 

results based on information described in the basin setting, and other data or models as appropriate. 
   (2) The criteria used to define when and where the effects of the groundwater conditions cause undesirable results for 

each applicable sustainability indicator. The criteria shall be based on a quantitative description of the combination of 
minimum threshold exceedances that cause significant and unreasonable effects in the basin.  

(3) Potential effects on the beneficial uses and users of groundwater, on land uses and property interests, and other 
potential effects that may occur or are occurring from undesirable results. 

§354.26 (c) The Agency may need to evaluate multiple minimum thresholds to determine whether an undesirable result is 
occurring in the basin. The determination that undesirable results are occurring may depend upon measurements from 
multiple monitoring sites, rather than a single monitoring site. 

 

Based on the information in the previous sections, the local definition for significant and unreasonable 
reduction in groundwater storage considers the following: 

• The GSP regulations define the minimum threshold for reduction in groundwater storage as a 
groundwater volume that can be withdrawn without causing conditions that may lead to 
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undesirable results (23 CCR § 354.28(c)(2)).  By definition, this requires consideration of and 
close coordination with management of other sustainable management criteria.  

• Depletion of groundwater storage has the potential to cause, or lead to conditions that in the 
future may cause, significant and unreasonable: 

o  Impacts to GDEs;  

o Seawater intrusion or groundwater quality degradation that affects agricultural, 
municipal and other beneficial uses and potential beneficial uses; and/or 

o Reduction in the availability of groundwater and surface water by water right holders, or 
increased pumping or treatment costs.   

The causes of potential undesirable results are further discussed in Section 4.5.1 and the potential 
effects of undesirable results on the beneficial users of groundwater, land uses, and property owners 
are discussed in Sections 4.5.1 and 4.5.2.   

An undesirable result for reduction in groundwater storage is defined based on the minimum threshold 
discussed in Section 4.5.2 as an annual depletion, in any given year, exceeding the Subbasin-wide 
minimum threshold of 112,000 AFY or resulting in a depletion of low-TDS groundwater storage east of 
the MGSA Area as determined as measured by groundwater elevations, extraction reporting and 
induction logging.  Because additional local tools to further assess the MGSA Area component of the 
basin-wide sustainable yield are expected to be available in the near future, MGSA has adopted this 
definition of undesirable results to prevent undesirable results as data gaps are addressed.   

4.6 SEAWATER INTRUSION  
4.6.1 LOCAL FACTORS POTENTIALLY CONTRIBUTING TO SIGNIFICANT AND UNREASONABLE 
CONDITIONS 
As discussed in Section 3.2.3.2, MCWRA has been designated as the agency responsible for monitoring 
seawater intrusion in the Subbasin and publishes estimates of the extent of seawater intrusion every 
two years based on the inferred location of the 500 mg/L chloride concentration isocontour.  Maps 
showing the progression of the seawater intrusion front over time up to 2015 in the 180-Foot and 400-
Foot Aquifers are presented as Figure 4-1 and Figure 4-2, respectively.  These figures also show the 
advance of seawater intrusion into the Dune Sand Aquifer using a standard of 3,000 mg/L TDS (or 1,660 
mg/L chloride using a conversion factor of 0.554 for the chloride content of seawater) identified during 
the airborne electromagnetic (AEM) survey (Gottschalk et al. 2018).  Continued seawater intrusion is 
driven by a large trough north and northeast of Salinas where groundwater elevations have fallen below 
sea level.  SVBGSA estimates of groundwater storage losses due to continued seawater intrusion in the 
Subbasin range from 8,000 to 14,000 AFY (SVBGSA 2019).   
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As part of its Best Management Practices (BMPs) for Monitoring Networks2 for seawater intrusion, DWR 
emphasizes the importance of capturing “changes in water quality conditions associated with the 
dynamic seawater-freshwater interface along coastal aquifers.  This system is largely controlled by 
differences in water density and hydraulic head to maintain the advancement of the seawater front.  A 
robust understanding is necessary to identify the preferential flow pathways where seawater can intrude 
inland and associate with freshwater groundwater extractions or declines in head.”  In compliance with 
these requirements, the MGSA GSP uses all the available data, including AEM geophysical data, to 
describe the extent of seawater intrusion, and considers both the nearshore dynamics as well as the 
inland intrusion front described in SVBGSA’s GSP.   

Locally, the MGSA Area is located on the seaward side of the interface between a dense saline water 
intrusion wedge and an over-riding zone of low-TDS groundwater that is locally recharged through the 
Dune Sand Aquifer.  The interface extends from the Dune Sand Aquifer in the eastern portion of the 
MGSA Area and dips eastward down through the 180-Foot Aquifer and into the 400-Foot Aquifer and is 
subject to density-driven flow in general conformance with Ghyben-Herzberg dynamics (Sections 3.1.12 
and 3.2.2).  Groundwater extraction in the MGSA Area has the potential to affect the dynamic 
equilibrium of this nearshore groundwater system and cause seawater intrusion through the migration 
of the saline water wedge, which could in turn lead to deeper seawater intrusion into the currently 
unintruded Deep Aquifer, or promote the lateral migration or persistence of seawater intrusion (as 
defined by the 500 mg/L chloride concentration isocontour) further inland.   

As discussed in Section 3.2.3.1, the gravity-driven interface dynamics which occur near the MGSA Area 
differ from the advective solute transport that characterizes seawater intrusion in more inland areas, 
where the intruding water has a much lower TDS concentration and density.  In these inland areas, 
dissolved solids essentially behave as a tracer that follows groundwater flow landward in the 180- and 
400-Foot Aquifers and seaward in the Dune Sand Aquifer.  Portions of the seawater intruded areas of 
these aquifers contain groundwater designated as suitable or potentially suitable for municipal and 
domestic supply under SWRCB Resolution No. 88-63, that are required to be protected from further 
degradation by seawater intrusion under SWRCB Resolution No. 68-16.  The sustainable management 
criteria for seawater intrusion must therefore address local conditions and anticipated groundwater 
demand changes so as to supplement and support the regional definition, thus maintaining and 
achieving sustainable management both locally and regionally.   

The Deep Aquifer is not currently seawater intruded.  As discussed in Chapter 3, however, the Deep 
Aquifer is believed to receive recharge via leakance from the overlying 400-Foot Aquifer.  The 
competence and lateral continuity of the aquitards that separate the Deep Aquifer system from the 
overlying aquifers has not been well characterized; therefore, Monterey County has adopted an 
ordinance prohibiting further development of this aquifer until the required characterization is 
complete.  As discussed in Chapters 6 and 7, plans are being discussed by MCWRA, SVBGSA and MCWD 

 
2 California Department of Water Resources (DWR), Best Management Practices for the Sustainable Management of 
Groundwater, Monitoring Networks and Identification of Data Gaps BMP, California Department of Water Resources 
Sustainable Groundwater Management Practices (December 2016). 
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GSA to address this data gap.  Based on this information, the possibility exists that seawater intrusion 
could migrate vertically from the 400-Foot Aquifer into the Deep Aquifer.  There are currently no Deep 
Aquifer wells in the MGSA Area, and this GSP includes support for prohibition of installation of Deep 
Aquifer production wells in the MGSA Area.  Nevertheless, groundwater extraction from the upper 
aquifer system could cause further seawater intrusion by expansion or migration of the saline water 
wedge that underlies this area.  Such an expansion or migration would put the Deep Aquifer at greater 
risk of seawater intrusion.   

4.6.2 MINIMUM THRESHOLDS  
Regulation Requirements: 
§354.28 (a) Each Agency in its Plan shall establish minimum thresholds that quantify groundwater conditions for each 

applicable sustainability indicator at each monitoring site or representative monitoring site established pursuant to 
Section 354.36.  The numeric value used to define minimum thresholds shall represent a point in the basin that, if 
exceeded, may cause undesirable results as described in Section 354.26. 

(b) The description of minimum thresholds shall include the following: 
  (1) The information and criteria relied upon to establish and justify the minimum thresholds for each sustainability 

indicator. The justification for the minimum threshold shall be supported by information provided in the basin setting, 
and other data or models as appropriate, and qualified by uncertainty in the understanding of the basin setting. 

(c) Minimum thresholds for each sustainability indicator shall be defined as follows: 
  (3) Seawater Intrusion.  The minimum threshold for seawater intrusion shall be defined by a chloride concentration 

isocontour for each principal aquifer where seawater intrusion may lead to undesirable results.  Minimum thresholds 
for seawater intrusion shall be supported by the following: 

   (A) Maps and cross-sections of the chloride concentration isocontour that defines the minimum threshold and measurable 
objective for each principal aquifer. 

   (B) A description of how the seawater intrusion minimum threshold considers the effects of current and projected sea 
levels.  

(d) An Agency may establish a representative minimum threshold for groundwater elevation to serve as the value for 
multiple sustainability indicators, where the Agency can demonstrate that the representative value is a reasonable 
proxy for multiple individual minimum thresholds as supported by adequate evidence 

 
Section 354.28(c)(3) of the Regulations states that “The minimum threshold for seawater intrusion shall 
be defined by a chloride concentration isocontour for each principal aquifer where seawater intrusion 
may lead to undesirable results.”  Regionally, SVBGSA’s GSP defines significant and unreasonable 
seawater intrusion in the Subbasin as seawater intrusion beyond the position of the 500 mg/L chloride 
isoconcentration contour interpolated by MCWRA in 2017 for the 180-Foot and 400-Foot Aquifers 
(SVBGSA 2019).  The minimum threshold adopted by the SVBGSA for seawater intrusion into the Deep 
Aquifer is the location of the 500 mg/L chloride isocontour at Highway 1.  SVBGSA does not present a 
minimum threshold for the Dune Sand Aquifer. 

Locally, the minimum thresholds for seawater intrusion were developed based on assessment of the 
following additional criteria:  

• The extent of the saline water intrusion wedge (TDS > 10,000 mg/L) interpreted from airborne 
electromagnetic surveys performed in 2017 (Gottschalk et al. 2018) plays an important role in 
seawater intrusion dynamics recognized in the DWR guidance and could affect both lateral and 
vertical seawater intrusion;  

• Seawater intrusion into the Deep Aquifer has not yet been observed; and 
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• The Dune Sand Aquifer stores significant volumes of low-TDS groundwater with TDS 
concentrations less than 3,000 mg/L (chloride < 1,660 mg/L) with a designated beneficial use for 
domestic and municipal supply.   

Based on this information, MGSA established the following minimum thresholds for significant and 
unreasonable seawater intrusion in this GSP: 

• Dune Sand Aquifer.  In compliance with SWRCB Resolution Nos. 88-63 and 68-16, this GSP 
defines the minimum threshold for significant and unreasonable seawater intrusion into the 
Dune Sand Aquifer as migration of the 1,700 mg/L chloride isocontour (equivalent to 3,000 mg/L 
TDS) beyond the location determined by Gottschalk et al. (2018) (Figure 4-2).  

• 180-Foot and 400-Foot Aquifers.  This GSP adopts the SVBGSA minimum threshold of significant 
unreasonable seawater intrusion beyond the position of the 500 mg/L chloride concentration 
isocontour interpolated by MCWRA in 2017 (Figure 4-2).  

• Deep Aquifer.  In compliance with SWRCB Resolution No. 68-16, this GSP defines significant and 
unreasonable seawater intrusion into the Deep Aquifer as migration of a 500 mg/L chloride 
isocontour into the Deep Aquifer landward of the western Subbasin boundary (Figure 4-2).  

As discussed in Chapter 6, MCWD GSA plans to develop a groundwater model that incorporates solute 
and transport and density driven flow, and that can be used to evaluate the effectiveness of local 
management actions and projects to address seawater intrusion, as well as the potential impacts of 
increased groundwater extraction.  This model will include the MGSA Area and will incorporate the 
effects of sea level rise.  The minimum thresholds adopted herein may be refined or revised based upon 
the results of this model, when available.  Therefore, the minimum thresholds and actions to avoid 
undesirable results will address sea level rise. 

4.6.2.1 RELATIONSHIPS BETWEEN MINIMUM THRESHOLDS AND OTHER SUSTAINABILITY INDICATORS  

Regulation Requirements: 
§354.28 (b) The description of minimum thresholds shall include the following: 
  (2) The relationship between the minimum thresholds for each sustainability indictor, including and explanation of how the 

Agency has determined that basin conditions at each minimum threshold will avoid undesirable results for each of the 
sustainability indicators. 

 
The minimum thresholds for seawater intrusion chloride and TDS isocontours are interpolated from 
water quality, conductance sensor and inductance logging data.  Seawater intrusion minimum 
thresholds are related to several other sustainability indicators.  The seawater intrusion thresholds were 
selected to avoid undesirable results for other sustainability indicators and to promote compatible 
management strategies. 

• Chronic decline in groundwater levels.  As discussed in Section 4.4, a significant and 
unreasonable condition for change in groundwater elevations is a decline below levels that 
cause GDE stress, result in significant and unreasonable interference drawdown, or decline 
below levels regionally determined by SVBGSA to result in undesirable conditions related to 
seawater intrusion.  A decline of groundwater elevations would likely be associated with any 
measured migration of the TDS isocontour in the Dune Sand Aquifer, and will be considered in 
combination with water quality data to assess the relationship of seawater intrusion to pumping 
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in the MGSA Area.  These sustainable management criteria will be used in combination to 
manage both chronic decline in groundwater levels and seawater intrusion.  Although the 
minimum thresholds may not be precisely aligned, they are compatible and related, and will be 
used in combination to assure sustainable groundwater management.  These thresholds may be 
refined during GSP implementation as more information and better tools become available.  
Therefore, the seawater intrusion minimum threshold is unlikely to result in significant and 
unreasonable groundwater level decline.   

• Reduction in groundwater storage.  As discussed in Section 4.5, a significant and unreasonable 
condition for change in groundwater storage is defined as an annual extraction of groundwater 
in the MGSA Area that falls above the total long-term sustainable yield of the Subbasin 
established by SVBGSA or that results in depletion of the amount of low-TDS groundwater in 
storage in the Dune Sand, 180-Foot and 400-Foot Aquifers east of the MGSA Area.  By definition, 
sustainable yield is predicated on the avoidance of undesirable results, including seawater 
intrusion, and the sustainable management of seawater intrusion and reduction in storage will 
be coordinated.  In addition, reduction in the amount of low-TDS groundwater in storage may 
be associated with seawater intrusion; therefore, storage reduction will be assessed using both 
groundwater level and quality data.  The minimum threshold for seawater intrusion is intended 
to protective of groundwater quality and will not interfere with the assessment of storage 
depletion.  Although these minimum thresholds may not be precisely aligned, they are 
compatible and related, and will be used in combination to assure sustainable groundwater 
management.  These thresholds may be refined during GSP implementation as more 
information and better tools become available.  Therefore, the seawater intrusion minimum 
threshold is unlikely to result in significant and unreasonable reduction in groundwater storage.   

• Degraded water quality.  As discussed in Section 4.7, significant and unreasonable degradation 
of groundwater quality is defined as the lateral or vertical migration of a TDS isocontour, or the 
induced migration of a contaminant contour exceeding water quality objectives in a nearby 
contamination plume.  This sustainability indicator is closely related to seawater intrusion.  
Although the minimum thresholds may not be precisely aligned, they are compatible and 
related, and will be used in combination to assure sustainable groundwater management.  
Furthermore, the thresholds for degraded water quality and seawater intrusion may be adjusted 
during GSP implementation as more information becomes available in order to refine their 
alignment.  Therefore, the seawater intrusion minimum threshold is unlikely to result in 
significant and unreasonable degraded water quality, but rather, will protect water quality. 

• Subsidence.  A significant and unreasonable condition for subsidence is any measurable long-
term inelastic subsidence that damages existing infrastructure.  Subsidence is caused by 
depressurization and compaction of fine-grained sediments in response to lowering 
groundwater levels, especially in confined systems when groundwater elevations fall below 
historical lows.  Seawater intrusion thresholds are unrelated to the cause of land subsidence.   

• Depletion of interconnected surface waters.  A significant and unreasonable condition for the 
depletion of interconnected surface waters is depletion that induces, significant and 
unreasonable degradation of GDEs, seawater intrusion in the tidal reaches of the river, or 
groundwater pumping-induced depletion of flow in the Salinas River that results in significant 
and unreasonable impacts to surface water uses.  The seawater intrusion thresholds will not 
affect the mechanics of surface-groundwater interaction, but could theoretically affect the 
quality of groundwater that is discharged to surface water discharge zones, such as wetlands.  
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However, the seawater intrusion thresholds include water quality thresholds intended to 
prevent the significant degradation of groundwater quality that would adversely affect 
wetlands.  In addition, as discussed in Section 4.9, declining groundwater levels near the tidally-
influenced lower reach of the Salinas River could cause seawater intrusion through the river 
bed.  The minimum thresholds for groundwater level decline are intended to prevent significant 
additional seawater intrusion from the lower reaches of the Salinas River.  The minimum 
thresholds established for seawater intrusion are not expected to affect these dynamics.   

4.6.2.2 MINIMUM THRESHOLDS IN RELATION TO ADJACENT SUBBASINS AND GSPS 

Regulation Requirements  
§ 354.28 (b) The description of minimum thresholds shall include the following: 
  (3) How minimum thresholds have been selected to avoid causing undesirable results in adjacent basins or affecting the 

ability of adjacent basins to achieve sustainability goals. 
 
The MGSA Area is located adjacent to the Monterey Subbasin and shares boundaries with MCWD GSA 
and SVBGSA.  The seawater intruded areas for which the minimum thresholds were developed and the 
associated saline water intrusion wedge and low-TDS groundwater zone occur, extend from the 180/400 
Foot Aquifer Subbasin into the Monterey Subbasin south and southeast of the MGSA Area.  The 
minimum thresholds were selected to align with and support regional efforts to contain seawater 
intrusion in the 180- and 400-Foot Aquifers and also address local seawater intrusion into the Dune Sand 
and Deep Aquifers.  Sustainable management criteria were established in collaboration with MCWD to 
support their sustainable management strategy for the Dune Sand and Deep Aquifers in the adjacent 
Monterey Subbasin.  In addition, minimum thresholds for the 180-Foot and 400-Foot Aquifers align with 
SVBGSA’s minimum thresholds for regional groundwater management, which apply to the remainder of 
the Subbasin and to the portion of the Monterey Subbasin that is not managed by MCWD GSA.   

Differences between this GSP and the SVBGSA GSP include that this GSP (1) establishes a minimum 
threshold for seawater intrusion into the Dune Sand Aquifer to protect significant local resources, and 
(2) establishes the location of the chloride isocontour that defines the minimum threshold for seawater 
intrusion into the Deep Aquifer at the coastal margin of the Subbasin rather than at Highway 1 in order 
to fully protect this important groundwater resource and comply with applicable water quality 
protection standards.  These measures are considered necessary to address gaps in the SVBGSA’s 
regional GSP and support locally-defined sustainable groundwater management and will be coordinated 
with SVBGSA and MCWD GSA.  As such, these thresholds will promote cohesive management to achieve 
the sustainability goals of MGSA, SVBGSA, and MCWD GSA, which will be refined as needed during GSP 
implementation.   

4.6.2.3 IMPACT OF MINIMUM THRESHOLDS ON BENEFICIAL USES AND USERS  

Regulation Requirements: 
§ 354.28 (b) The description of minimum thresholds shall include the following: 
  (4) How minimum thresholds may affect the interests of beneficial uses and users of groundwater or land uses and 

property interests. 
 
The seawater intrusion minimum thresholds may have the following effects on beneficial users and land 
uses in the Subbasin:  
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• The threshold will help to prevent the regional advance of seawater intrusion in the 180- and 
400-Foot Aquifers in the inland areas east of the Subbasin.  Local monitoring in support of this 
minimum threshold will help to fill existing data gaps regarding nearshore processes related to 
density-driven flow.   

• The threshold for the Dune Sand Aquifer will help to protect the quality of low-TDS water in 
storage with a designated potential beneficial use for domestic and municipal supply from 
further degradation by seawater intrusion. 

• The threshold will help to protect the Deep Aquifer, which is an important municipal and 
agricultural water supply and currently the only source of municipal water for the City of 
Marina, from seawater intrusion. 

• If the MPWSP is constructed and the seawater intrusion measurable objectives described in 
Section 4.6.3 are reached, the management actions described in Section 6.2.1 will be 
implemented.   

4.6.2.4 CURRENT STANDARDS RELEVANT TO SUSTAINABILITY INDICATOR  

Regulation Requirements: 
§354.28 (b) The description of minimum thresholds shall include the following: 
  (5) How state, federal, or local standards relate to the relevant sustainability indicator.  If the minimum threshold differs 

from other regulatory standards, the Agency shall explain the nature of and basis for the difference.   
 
The seawater intrusion minimum thresholds incorporate the locally defined 500 mg/L chloride standard 
for definition of seawater intrusion into the 180-Foot, 400-Foot, and Deep Aquifers.  In addition, the 
seawater intrusion minimum threshold addresses applicable Water Quality Standards incorporated into 
the Regional Water Quality Control Board’s Water Quality Control Plan, including SWRCB Resolution 
Nos. 88-63 and 68-16.  

4.6.2.5 MEASUREMENT OF MINIMUM THRESHOLDS  

Regulation Requirements: 
§354.28 (b) The description of minimum thresholds shall include the following: 
(6) How each minimum threshold will be quantitatively measured, consistent with the monitoring network requirements 

described in Subarticle 4. 
 
Seawater intrusion will be measured from the MGSA monitoring well network using groundwater 
quality monitoring, including groundwater sampling and analysis, specific conductance sensors, and 
semi-annual induction logging to assess the lateral and vertical distribution of salinity.  The groundwater 
quality monitoring will be conducted in accordance with the monitoring plan outlined in Chapter 5.  
Groundwater quality data to evaluate compliance with minimum thresholds and measurable objectives 
for seawater intrusion will be gathered from the wells listed in Tables 5-1, 5-2, and 5-3 for the Dune 
Sand, 180-Foot and 400-Foot Aquifers, respectively.  Groundwater quality data to evaluate compliance 
with minimum thresholds and measurable objectives in the Deep Aquifer will be gathered from the 
supply wells listed in Table 5-4 (MCWD #’s 10, 11 and 12; and MCWRA #’s 25973, 21655 and 22755).   
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4.6.3 MEASURABLE OBJECTIVES AND INTERIM MILESTONES 
Regulation Requirements: 
§354.30 (a) Each Agency shall establish measurable objectives, including interim milestones in increments of five years, to 

achieve the sustainability goal for the basin with 20 years of Plan implementation and to continue to sustainably 
manage the groundwater basin over the planning and implementation horizon.  

(b) Measurable objectives shall be established for each sustainability indicator, based on quantitative values using the same 
metrics and monitoring sites as are used to define the minimum thresholds.  

(c) Measurable objectives shall provide a reasonable margin of operational flexibility under adverse conditions which shall 
take into consideration components such as historical water budgets, seasonal and long-term trends, and periods of 
drought, and be commensurate with levels of uncertainty.  

(e) Each Plan shall describe a reasonable path to achieve the sustainability goal for the basin within 20 years of Plan 
implementation, including a description of interim milestones for each relevant sustainability indicator, using the same 
metric as the measurable objective, in increments of five years. The description shall explain how the Plan is likely to 
maintain sustainable groundwater management over the planning and implementation horizon. 

 
The measurable objectives for seawater intrusion represent positions of chloride concentration 
isocontours that define the desired future state of the Subbasin.  Measurable objectives are also 
established to leave adequate operating flexibility to deal with anticipated variability in conditions such 
as seasonal and inter-annual climatic variations and droughts, uncertainties in aquifer conditions or 
unanticipated events.  As stated in Section 4.2,  

“MGSA will manage groundwater resources in the MGSA Area in a way that ensures all 
beneficial uses and users in, or affected by, groundwater management in the MGSA Area 
are protected from undesirable results, and have access to a safe and reliable 
groundwater supply that meets current and future demand.”   

The following measurable objectives are established in this GSP: 

• Dune Sand Aquifer.  The measurable objectives are established to equal the minimum threshold 
of maintaining the 1,700 mg/L chloride isocontour at its current location.  The interim 
milestones are identical to the measurable objective. 

• 180-Foot and 400-Foot Aquifers.  MGSA will coordinate with SVBGSA, as appropriate, and 
support the measurable objective and interim milestones in the SVBGSA’s GSP of moving the 
500 mg/L chloride isocontour westward to Highway 1 by 2020.    

• Deep Aquifer.  The measurable objective for the Deep Aquifer will be to prevent significant and 
unreasonable seawater intrusion and maintain the location of the 500 mg/L chloride isocontour 
outside the seaward Subbasin Boundary.  The interim milestones are identical to the 
measurable objective.  
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4.6.4 UNDESIRABLE RESULTS  
Regulation Requirements: 
§354.26 (a) Each Agency shall describe in its Plan the processes and criteria relied upon to define undesirable results 

applicable to the basin. Undesirable results occur when significant and unreasonable effects for any of the sustainability 
indicators are caused by groundwater conditions occurring throughout the basin. 

(b) The description of undesirable results shall include the following: 
   (1) The cause of groundwater conditions occurring throughout the basin that would lead to or has led to undesirable 

results based on information described in the basin setting, and other data or models as appropriate. 
   (2) The criteria used to define when and where the effects of the groundwater conditions cause undesirable results for 

each applicable sustainability indicator. The criteria shall be based on a quantitative description of the combination of 
minimum threshold exceedances that cause significant and unreasonable effects in the basin.  

   (3) Potential effects on the beneficial uses and users of groundwater, on land uses and property interests, and other 
potential effects that may occur or are occurring from undesirable results. 

(c) The Agency may need to evaluate multiple minimum thresholds to determine whether an undesirable result is occurring 
in the basin. The determination that undesirable results are occurring may depend upon measurements from multiple 
monitoring sites, rather than a single monitoring site. 

 
Based on the information in the previous sections, the local definition for significant and unreasonable 
seawater intrusion considers the following: 

• Ongoing seawater intrusion in the 180- and 400-Foot Aquifers has been regionally identified 
based on the migration of seawater intrusion beyond the documented position of the 500 mg/L 
chloride isocontour, and has resulted in the designation by DWR of the aquifer being in a 
condition of critical overdraft.  SVBGSA’s GSP does not consider nearshore seawater intrusion 
dynamics and preferential pathways that are important to understanding this process.  The 
monitoring program discussed in Chapter 5 will provide additional data to promote 
understanding of the process.  Nevertheless the 500 mg/L chloride isocontour is an adequate 
and appropriate measure of undesirable results.   

• The SVBGSA’s GSP does not establish a definition for significant and unreasonable seawater 
intrusion into the Dune Sand Aquifer; however, this GSP considers that this aquifer contains a 
significant quantity of low-TDS groundwater that requires protection from degradation by 
seawater intrusion under SWRCB Resolution Nos. 88-63 and 68-16.  In order to comply with 
these resolutions, this GSP defines undesirable results for seawater intrusion into the Dune Sand 
Aquifer. 

• The Deep Aquifer is not currently seawater intruded and is an important local and regional 
source of municipal and agricultural groundwater supply.  Any seawater intrusion into this 
aquifer would violate existing water quality standards and put this important water supply at 
risk; therefore, any seawater intrusion into the Deep Aquifer is considered an undesirable result.   

The causes of potential undesirable results related to seawater intrusion are further discussed in Section 
4.6.1 and the potential effects of undesirable results on the beneficial users of groundwater, land uses 
and property owners are discussed in Sections 4.6.1 and 4.6.2.   

An undesirable result for seawater intrusion is defined as follows based on the minimum thresholds 
discussed in Section 4.6.2: 
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• Dune Sand Aquifer.  Migration of the 1,700 mg/L chloride isocontour beyond its location in 
2018, indicating seawater intrusion into the low-TDS zone identified in Gottschalk et al. (2018), 
as interpreted from water quality sampling and induction logging data collected by MCWRA.   

• 180-Foot and 400-Foot Aquifer.  Seawater intrusion beyond the position of the 500 mg/L 
chloride isocontour interpolated by MCWRA in 2017, as determined by seawater intrusion maps 
prepared by MCWRA.   

• Deep Aquifer.  Seawater intrusion beyond a theoretical 500 mg/L chloride isocontour 
established as the western (seaward) edge of the Subbasin, as interpreted from groundwater 
quality monitoring data collected by MCWRA.   

4.7 DEGRADED GROUNDWATER QUALITY  
4.7.1 LOCAL FACTORS POTENTIALLY CONTRIBUTING TO SIGNIFICANT AND UNREASONABLE 
CONDITIONS 
Regionally, SVBGSA’s GSP defines significant and unreasonable changes in water quality in the Subbasin 
as increases in the concentrations of chemical constituents that either:  

• Result in groundwater concentrations in a public supply well above an established Maximum 
Contaminant Level (MCL) or Secondary Maximum Contaminant Level (SMCL); or  

• Lead to reduced crop production. 

SVBGSA defines undesirable results based on the exceedance of MCLs or SMCLs in public supply wells, 
or the exceedance of agricultural standards in irrigation wells.  Noting that minimum thresholds are 
based on a degradation of groundwater quality, not an improvement of groundwater quality, SVBGSA’s 
approach is designed to avoid any action by SVBGSA that may inadvertently move groundwater 
constituents that have already been identified in the Subbasin in such a way that the constituents have a 
significant and unreasonable impact to public supply or irrigation wells that would not otherwise occur.  
A list of constituents of concern was developed based on reported detections of constituents in the 
Subbasin above levels of concern.   

Locally, the MGSA Area is located at the western edge of a substantial zone of low-TDS groundwater 
(TDS < 3,000 mg/L) extending from the Dune Sand Aquifer into the 180-Foot Aquifer and the 400-Foot 
Aquifer (Sections 3.1.12 and 3.2.2).  Groundwater with TDS concentrations less than 3,000 mg/L is 
designated as having a potential beneficial use as municipal and domestic supply (SWRCB Resolution No. 
88-63) and is required to be protected from degradation under SWRCB Resolution No. 68-16.  The 
California Public Utility Commission’s decision regarding the proposed MPWSP requires that 
groundwater extraction for that proposed project may not cause injury to existing beneficial 
groundwater users or groundwater water right holders.  Groundwater extraction in the MGSA Area 
could disturb the equilibrium that exists between the saline water intrusion wedge and overlying low-
TDS groundwater zone, cause mixing of low-TDS and saline groundwater or otherwise lead to the 
capture and migration of saline groundwater, potentially impacting the low-TDS groundwater zone or 
existing supply wells in the area. 
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Contaminant plumes that are known to impair water quality locally and could be captured by or induced 
to migrate by groundwater extraction in the MGSA Area include the Fort Ord Superfund Site Operable 
Unit Carbon Tetrachloride (OUCTP) plume, located in the shallow “A-Aquifer” and 180-Foot Aquifer 
approximately 2 to 3 miles southeast of the MGSA Area in the Monterey Subbasin.  As a required 
mitigation measure for the proposed MPWSP, MCWRA is tasked with reviewing the monitoring data for 
this plume to assess whether groundwater extraction for the proposed MPWSP in the MGSA Area is 
capturing this plume and causing it to migrate.  The results of this assessment will be reported annually 
and will be reviewed by MCWRA. 

Other than potential seawater intrusion, no sources of potential point- or non-point source water 
quality degradation have been identified in the Deep Aquifer.  The sustainable management criteria and 
monitoring programs developed for the Deep Aquifer to address seawater intrusion are sufficient to 
address potential water quality degradation, and no sustainable management criteria are developed in 
this GSP for the deep aquifer for the degradation of water quality sustainability indicator. 

4.7.2 MINIMUM THRESHOLDS  
Regulation Requirements: 
§354.28 (a) Each Agency in its Plan shall establish minimum thresholds that quantify groundwater conditions for each 

applicable sustainability indicator at each monitoring site or representative monitoring site established pursuant to 
Section 354.36.  The numeric value used to define minimum thresholds shall represent a point in the basin that, if 
exceeded, may cause undesirable results as described in Section 354.26. 

(b) The description of minimum thresholds shall include the following: 
  (1) The information and criteria relied upon to establish and justify the minimum thresholds for each sustainability 

indicator. The justification for the minimum threshold shall be supported by information provided in the basin setting, 
and other data or models as appropriate, and qualified by uncertainty in the understanding of the basin setting. 

(c) Minimum thresholds for each sustainability indicator shall be defined as follows: 
  (4) Degraded Water Quality. The minimum threshold for degraded water quality shall be the degradation of water quality, 

including the migration of contaminant plumes that impair water supplies or other indicator of water quality as 
determined by the Agency that may lead to undesirable results. The minimum threshold shall be used on the number of 
supply wells, a volume of water, or a location of an isocontour that exceeds concentrations of constituents determined 
by the Agency to be of concern for the basin. In setting minimum thresholds for degraded water quality, the Agency 
shall consider local, state, and federal water quality standards applicable to the basin.  

(d) An Agency may establish a representative minimum threshold for groundwater elevation to serve as the value for 
multiple sustainability indicators, where the Agency can demonstrate that the representative value is a reasonable 
proxy for multiple individual minimum thresholds as supported by adequate evidence. 

 
Section 354.28(c)(4) of the Regulations states that “the minimum threshold for degraded water quality 
shall be the degradation of water quality, including the migration of contaminant plumes that impair 
water supplies or other indicator of water quality as determined by the Agency that may lead to 
undesirable results. The minimum threshold shall be used on the number of supply wells, a volume of 
water, or a location of an isocontour that exceeds concentrations of constituents determined by the 
Agency to be of concern for the basin. In setting minimum thresholds for degraded water quality, the 
Agency shall consider local, state, and federal water quality standards applicable to the basin.”  SVBGSA 
has adopted the potential exceedance of MCLs or SMCLs in public supply wells, or the exceedance of 
agricultural standards in irrigation wells, as a basis for assignment of Subbasin-wide minimum thresholds 
to wells. 
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Locally, the minimum thresholds for degradation of groundwater quality were developed considering 
the following additional criteria:  

• Violation of water quality objectives for the low-TDS groundwater zone, including SWRCB 
Resolution No. 88-63 and SWRCB Resolution No. 68-16;  

• Degradation of groundwater quality in nearby public supply wells, including the exceedance of 
MCLs or SMCLs; and 

• Interference with or obstruction of ongoing requirements to investigate or clean up a 
contamination plume.   

Based on this assessment, the following minimum thresholds were established: 

• Significant and unreasonable degradation of water quality in the low-TDS groundwater zone in 
the Dune Sand, 180-Foot and 400-Foot Aquifers is defined as lateral or vertical migration of the 
3,000 mg/L TDS isocontour beyond the location established by the 2018 AEM study (Gottschalk 
et al. 2018). 

• Significant and unreasonable degradation of water quality in the Deep Aquifer is defined as 
exceedance of the TDS or chloride SMCL in one or more public supply wells completed in the 
Deep Aquifer near the MGSA.   

• Significant and unreasonable migration of a contamination plume is defined by the following 
minimum thresholds: 

o Migration or spread of the portion of a contamination plume that exceeds applicable 
water quality objectives by more than 100 feet toward the center of groundwater 
extraction in the MGSA Area, as documented by plume maps for the cleanup site.   

4.7.2.1 RELATIONSHIPS BETWEEN MINIMUM THRESHOLDS AND OTHER SUSTAINABILITY INDICATORS  

Regulation Requirements: 
§354.28 (b) The description of minimum thresholds shall include the following: 
  (2) The relationship between the minimum thresholds for each sustainability indictor, including and explanation of how the 

Agency has determined that basin conditions at each minimum threshold will avoid undesirable results for each of the 
sustainability indicators. 

 
The minimum thresholds for reduction in groundwater storage are thickness measurements of the low-
TDS groundwater zone made by induction logging at monitoring well locations, combined with 
groundwater level measurements to verify influence by pumping in the MGSA Area.  These minimum 
thresholds will complement each other. 

Degradation of groundwater quality minimum thresholds are related to several other sustainability 
indicators.  The groundwater quality degradation thresholds were selected to avoid undesirable results 
for other sustainability indicators and to promote compatible management strategies. 

• Chronic decline in groundwater levels.  As discussed in Section 4.4, a significant and 
unreasonable condition for change in groundwater elevations is a decline below levels that 
cause GDE stress, result in significant and unreasonable interference drawdown, or decline 
below levels regionally determined by SVBGSA to result in undesirable conditions related to 
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seawater intrusion.  Decline of groundwater elevations would be associated with changes in 
groundwater quality and will be used in combination with water quality monitoring to assess the 
relationship of water quality changes to pumping in the MGSA Area.  These sustainable 
management criteria will be used in combination to manage both chronic decline in 
groundwater levels and groundwater quality degradation.  Although the minimum thresholds 
may not be precisely aligned, they are compatible and related, and will be used in combination 
to assure sustainable groundwater management.  These thresholds may be refined during GSP 
implementation as more information and better tools become available.  Therefore, the 
groundwater quality degradation minimum threshold is unlikely to result in significant and 
unreasonable groundwater level decline.   

• Reduction in groundwater storage.  As discussed in Section 4.5, a significant and unreasonable 
condition for change in groundwater storage is defined as an annual extraction of groundwater 
in the MGSA Area that falls above the total long-term sustainable yield of the Subbasin 
established by SVBGSA or that results in depletion of the amount of low-TDS groundwater in 
storage in the Dune Sand, 180-Foot and 400-Foot Aquifers east of the MGSA Area.  .  By 
definition, sustainable yield is predicated in the avoidance of undesirable results, including 
seawater intrusion, and the sustainable management of seawater intrusion and reduction in 
storage will be coordinated.  In addition, reduction in the amount of low-TDS groundwater in 
storage may be associated with seawater intrusion; therefore, storage reduction will be 
considered when assessing the potential for seawater intrusion.  Reduction in the amount of 
low-TDS groundwater in storage may be associated with changes in groundwater quality and 
their distribution; therefore, storage reduction will be assessed using both groundwater level 
and quality data.  The minimum threshold for degradation of groundwater quality is intended to 
protective of groundwater quality and will not interfere with the assessment of storage 
depletion.  Although these minimum thresholds may not be precisely aligned, they are 
compatible and related, and will be used in combination to assure sustainable groundwater 
management.  These thresholds may be refined during GSP implementation as more 
information and better tools become available.  Therefore, the groundwater quality degradation 
minimum threshold is unlikely to result in significant and unreasonable reduction in 
groundwater storage.   

• Seawater intrusion.  As discussed in Section 4.6, significant and unreasonable seawater 
intrusion is defined as the migration of chloride isocontours that define the extent of seawater 
intrusion as of 2017 (for the 180-Foot, 400-Foot and Deep Aquifers) or 2018 (for the Dune Sand 
Aquifer).  Migration of the saline water wedge that underlies the coastal area could be 
associated with degradation of groundwater quality; as such, the two sustainability indicators 
and their minimum thresholds are potentially related.  Both are intended to prevent related 
undesirable results.  Thus, the minimum threshold for degradation of groundwater quality may 
help to prevent seawater intrusion. 

• Subsidence.  A significant and unreasonable condition for subsidence is any measurable long-
term inelastic subsidence that damages existing infrastructure.  Subsidence is caused by 
depressurization and compaction of fine-grained sediments in response to lowering 
groundwater levels, especially in confined systems when groundwater elevations fall below 
historical lows.  Water quality thresholds are unrelated to the cause of land subsidence.   

• Depletion of interconnected surface waters.  A significant and unreasonable condition for the 
depletion of interconnected surface waters is depletion that induces significant and 
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unreasonable degradation of GDEs, seawater intrusion in the tidal reaches of the river, or 
groundwater pumping-induced depletion of flow in the Salinas River that results in significant 
and unreasonable impacts to beneficial surface water uses.  The water quality thresholds will 
not affect the mechanics of surface groundwater interaction; however, they could affect the 
quality of groundwater that is discharged to surface water discharge zones, such as wetlands.  
The minimum thresholds for the low-TDS zone will prevent the significant degradation of 
groundwater quality that would adversely affect wetlands.   

4.7.2.2 MINIMUM THRESHOLDS IN RELATION TO ADJACENT SUBBASINS AND GSPS 

Regulation Requirements  
§ 354.28 (b) The description of minimum thresholds shall include the following: 
  (3) How minimum thresholds have been selected to avoid causing undesirable results in adjacent basins or affecting the 

ability of adjacent basins to achieve sustainability goals. 
 
The MGSA Area is located adjacent to the Monterey Subbasin and shares boundaries with MCWD GSA 
and SVBGSA.  The low-TDS groundwater zone for which the minimum thresholds were developed 
extends from the 180/400 Foot Aquifer Subbasin into the Monterey Subbasin south and southeast of 
the MGSA Area.  The OUCTP plume is located in the Monterey Subbasin southeast of the MGSA Area.  
The Deep Aquifer underlies both the 180/400 Foot Aquifer Subbasin and the Monterey Subbasin.  The 
minimum threshold was selected to prevent potential locally-caused undesirable results from 
unsustainable groundwater extraction in the MGSA Area, while retaining compatibility with regional 
sustainable management criteria.  Sustainable management criteria were established in collaboration 
with MCWD to support their sustainable management strategy in the adjacent Monterey Subbasin.  In 
addition, minimum thresholds for the 180-Foot and 400-Foot Aquifers were selected to be compatible 
with SVBGSA’s minimum thresholds for regional groundwater management, which apply to the 
remainder of the Subbasin and to the portion of the Monterey Subbasin that is not managed by MCWD 
GSA.  As such, these thresholds will promote cohesive management to achieve the sustainability goals of 
MGSA, SVBGSA and MCWD GSA.   

SVBGSA’s GSP does not present sustainable management criteria for the Dune Sand Aquifer because its 
GSP is more regionally focused.  MGSA’s locally-developed minimum thresholds for degradation of 
groundwater quality are compatible with SVBGSA’s regional sustainable management criteria for the 
underlying regional aquifers and will protect resources of local value, while also preventing the 
degradation of water quality in the underlying aquifers caused by groundwater extraction in the MGSA 
Area.   

4.7.2.3 IMPACT OF MINIMUM THRESHOLDS ON BENEFICIAL USES AND USERS  

Regulation Requirements: 
§ 354.28 (b) The description of minimum thresholds shall include the following: 
  (4) How minimum thresholds may affect the interests of beneficial uses and users of groundwater or land uses and 

property interests. 
 
The groundwater quality degradation minimum thresholds may have the following effects on beneficial 
users and land uses in the Subbasin:  
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• The threshold will help to maintain the quality of low-TDS water in storage with a designated 
potential beneficial use for domestic and municipal supply. 

• The threshold will help assure the future availability of low-TDS groundwater with potential 
beneficial uses to groundwater beneficial users, including GDEs and water right holders. 

4.7.2.4 CURRENT STANDARDS RELEVANT TO SUSTAINABILITY INDICATOR  

Regulation Requirements: 
§354.28 (b) The description of minimum thresholds shall include the following: 
  (5) How state, federal, or local standards relate to the relevant sustainability indicator.  If the minimum threshold differs 

from other regulatory standards, the Agency shall explain the nature of and basis for the difference.   
 
The groundwater quality minimum thresholds specifically incorporate state and federal standards for 
drinking water and applicable Water Quality Standards incorporated into the Regional Water Quality 
Control Board’s Water Quality Control Plan, including SWRCB Resolution Nos. 88-63 and 68-16.  

4.7.2.5 MEASUREMENT OF MINIMUM THRESHOLDS  

Regulation Requirements: 
§354.28 (b) The description of minimum thresholds shall include the following: 
(6) How each minimum threshold will be quantitatively measured, consistent with the monitoring network requirements 

described in Subarticle 4. 
 
Groundwater quality degradation will be measured from the monitoring network using groundwater 
quality monitoring, including groundwater sampling and analysis, the use of specific conductance 
sensors, and annual induction logging to assess the lateral and vertical distribution of TDS.  The 
groundwater quality monitoring will be conducted in accordance with the monitoring plan outlined in 
Chapter 5.  Groundwater quality data to evaluate compliance with minimum thresholds and measurable 
objectives for groundwater quality degradation will be gathered from the wells listed in Tables 5-1, 5-2, 
and 5-3 for the Dune Sand, 180-Foot and 400-Foot Aquifers, respectively.  Groundwater quality data to 
evaluate compliance with minimum thresholds and measurable objectives in the Deep Aquifer will be 
gathered from the supply wells listed in Table 5-4 (MCWD #’s 10, 11 and 12; and MCWRA #’s 25973, 
21655 and 22755).   

4.7.3 MEASURABLE OBJECTIVES AND INTERIM MILESTONES 
Regulation Requirements: 
§354.30 (a) Each Agency shall establish measurable objectives, including interim milestones in increments of five years, to 

achieve the sustainability goal for the basin with 20 years of Plan implementation and to continue to sustainably 
manage the groundwater basin over the planning and implementation horizon.  

(b) Measurable objectives shall be established for each sustainability indicator, based on quantitative values using the same 
metrics and monitoring sites as are used to define the minimum thresholds.  

(c) Measurable objectives shall provide a reasonable margin of operational flexibility under adverse conditions which shall 
take into consideration components such as historical water budgets, seasonal and long-term trends, and periods of 
drought, and be commensurate with levels of uncertainty.  

(e) Each Plan shall describe a reasonable path to achieve the sustainability goal for the basin within 20 years of Plan 
implementation, including a description of interim milestones for each relevant sustainability indicator, using the same 
metric as the measurable objective, in increments of five years. The description shall explain how the Plan is likely to 
maintain sustainable groundwater management over the planning and implementation horizon. 
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The measurable objectives for degradation of groundwater quality in the low-TDS groundwater zone 
positions of concentration isocontours that define the desired future state of the Subbasin, which is to 
protect and preserve this resource in compliance with SWRCB Resolution Nos. 88-63 and 68-16.  The 
measurable objectives for water quality degradation in the Deep Aquifer, for which no historical 
degradation has been reported to date, are intended as indicators that provide early warning so 
potentially adverse trends can be addressed in a timely fashion.  Measurable objectives are also 
established to leave adequate operating flexibility to deal with anticipated variability in conditions such 
as seasonal and inter-annual climatic variations and droughts, uncertainties in aquifer conditions or 
unanticipated events.  As stated in Section 4.2,  

“MGSA will manage groundwater resources in the MGSA Area in a way that ensures all 
beneficial uses and users in, or affected by, groundwater management in the MGSA Area 
are protected from undesirable results, and have access to a safe and reliable 
groundwater supply that meets current and future demand.”   

The following measurable objectives have been established for groundwater quality degradation: 

• The measurable objective for degradation of water quality in the low-TDS groundwater zone are 
defined to be the same as the minimum threshold, which is the 2018 vertical and lateral position 
of the 3,000 mg/L TDS isocontour in the Dune Sand, 180-Foot, and 400-Foot Aquifers, as 
determined by the 2018 AEM survey (Gottschalk et al. 2018).  

• The measurable objective for degradation of water quality in the Deep Aquifer is no supply wells 
with MCL or SMCL exceedances for TDS or chloride.   

• The measurable objective for migration of a contamination plume is defined by the following: 

o An observable spread of the portion of a contamination plume that exceeds applicable 
water quality objectives over two or more consecutive monitoring events toward the 
center of groundwater extraction in the MGSA Area, as documented by plume maps for 
the cleanup site. 

If significant and unreasonable migration of a contamination plume is identified, it may be assumed that 
the agencies responsible for oversight of the cleanup will work with groundwater extractors to 
implement appropriate corrective actions and establish interim milestones as needed. 
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4.7.4 UNDESIRABLE RESULTS  
Regulation Requirements: 
§354.26 (a) Each Agency shall describe in its Plan the processes and criteria relied upon to define undesirable results 

applicable to the basin. Undesirable results occur when significant and unreasonable effects for any of the sustainability 
indicators are caused by groundwater conditions occurring throughout the basin. 

(b) The description of undesirable results shall include the following: 
   (1) The cause of groundwater conditions occurring throughout the basin that would lead to or has led to undesirable 

results based on information described in the basin setting, and other data or models as appropriate. 
   (2) The criteria used to define when and where the effects of the groundwater conditions cause undesirable results for 

each applicable sustainability indicator. The criteria shall be based on a quantitative description of the combination of 
minimum threshold exceedances that cause significant and unreasonable effects in the basin.  

   (3) Potential effects on the beneficial uses and users of groundwater, on land uses and property interests, and other 
potential effects that may occur or are occurring from undesirable results. 

(c) The Agency may need to evaluate multiple minimum thresholds to determine whether an undesirable result is occurring 
in the basin. The determination that undesirable results are occurring may depend upon measurements from multiple 
monitoring sites, rather than a single monitoring site. 

§354.28 (c) Minimum thresholds for each sustainability indicator shall be defined as follows: 
  (4) Degraded Water Quality. The minimum threshold for degraded water quality shall be the degradation of water quality, 

including the migration of contaminant plumes that impair water supplies or other indicator of water quality as 
determined by the Agency that may lead to undesirable results. The minimum threshold shall be used on the number of 
supply wells, a volume of water, or a location of an isocontour that exceeds concentrations of constituents determined 
by the Agency to be of concern for the basin. In setting minimum thresholds for degraded water quality, the Agency 
shall consider local, state, and federal water quality standards applicable to the basin. 

 
Based on the information in the previous sections, the local definition for significant and unreasonable 
groundwater quality degradation considers the following: 

• The SVBGSA’s GSP does not establish a definition for significant and unreasonable groundwater 
quality degradation in the Dune Sand Aquifer; however, this GSP considers that this aquifer and 
the underlying portions of the 180-Foot and 400-Foot Aquifers contain a significant quantity of 
low-TDS groundwater that requires protection from degradation under SWRCB Resolution Nos. 
88-63 and 68-16.  In order to comply with these resolutions, this GSP defines undesirable results 
for groundwater quality degradation of the low-TDS zone in the Dune Sand, 180-Foot, and 400-
Foot Aquifers. 

• The Deep Aquifer is not currently seawater intruded and is an important local and regional 
source of municipal and agricultural groundwater supply.  Any water quality degradation of this 
aquifer would violate existing water quality standards and put this important water supply at 
risk; therefore, any degradation of water quality in municipal supply wells in the Deep Aquifer 
beyond applicable water quality objectives is considered an undesirable result.   

The causes of potential undesirable results related to groundwater quality degradation are further 
discussed in Section 4.7.1 and the potential effects of undesirable results on the beneficial users of 
groundwater, land uses, and property owners are discussed in Sections 4.7.1 and 4.7.2.   

An undesirable result for groundwater quality degradation is defined as follows based on the minimum 
thresholds discussed in Section 4.7.2: 
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• Dune Sand Aquifer.  Migration of the 1,660 mg/L chloride isocontour beyond its location in 
2018, indicating seawater intrusion into the low-TDS zone identified in Gottschalk et al. (2018), 
as interpreted from water quality sampling and induction logging data gathered by MCWRA.   

• 180-Foot and 400-Foot Aquifer.  Seawater intrusion beyond the position of the 500 mg/L 
chloride isocontour interpolated by MCWRA in 2017, as determined by seawater intrusion maps 
prepared by MCWRA.   

• Deep Aquifer.  Seawater intrusion beyond a theoretical 500 mg/L chloride isocontour 
established as the western (seaward) edge of the Subbasin, as interpreted from groundwater 
quality monitoring data gathered by MCWRA.   

• Migration of Contamination Plumes.  Migration or spread of the portion of a contamination 
plume that exceeds applicable water quality objectives by more than 100 feet toward the center 
of groundwater extraction in the MGSA Area, as documented by plume maps for the cleanup 
site.   

4.8 LAND SUBSIDENCE  
4.8.1 LOCAL FACTORS POTENTIALLY CONTRIBUTING TO SIGNIFICANT AND UNREASONABLE 
CONDITIONS 
Regionally, land subsidence is not closely monitored in the Monterey Bay region and has not been 
reported in Salinas Valley.  In 2014, DWR reported that continuous monitoring stations located near the 
coast in the Pajaro Valley and Santa Cruz areas displayed a declining trend, but recorded total 
cumulative subsidence of less than 1 inch (DWR 2014).  Vertical displacement estimates between June 
2015 and June 2018 derived from Interferometric Synthetic Aperture Radar (InSAR) data collected by 
the European Space Agency (ESA) Sentinel-1A satellite and processed by TRE ALTAMIRA Inc. (TRE) under 
contract with DWR ranged from approximately 0.01 to 0.025 foot near the MGSA Area.  This data is 
subject to a measurement error of 0.1 feet (SVBGSA 2019), so reported subsidence magnitudes are not 
significant.  During the first two years of this time period, the test slant well-constructed for the MPWSP 
project in the MGSA Area was pumped at a rate exceeding 2,000 gallons per minute.   

The risk of land subsidence results from lowered groundwater elevations, specifically when groundwater 
elevations decrease to levels significantly below the lowest historical groundwater elevations, leading to 
the depressurization and consolidation of fine-grained sediments.  When groundwater elevations 
fluctuate only within the range of historical conditions, the alluvial layers are not subject to effective 
stress greater than historical conditions and therefore are generally not at significant risk of subsidence.  
In addition, sediments in unconfined and predominantly coarse-grained aquifers are at lower risk of 
significant subsidence.  The subsidence risk in and near the MGSA Area is relatively low. 

Because seasonal fluctuation and inter-annual variability in groundwater elevations in the unconfined 
Dune Sand Aquifer are in the range of 1 to 4 feet, subsidence resulting for groundwater level changes in 
this aquifer are not reasonably anticipated and no sustainable management criteria are established for 
the Dune Sand Aquifer for the subsidence sustainability indicator.  Similarly, there are no Deep Aquifer 
extraction wells in the MGSA Area, and none are reasonably foreseen.  As such, because no Deep 
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Aquifer groundwater extraction from the MGSA Area requires sustainable management, no sustainable 
management criteria are established for the Deep Aquifer for the subsidence sustainability indicator.   

4.8.2 MINIMUM THRESHOLDS  
Regulation Requirements: 
§354.28 (a) Each Agency in its Plan shall establish minimum thresholds that quantify groundwater conditions for each 

applicable sustainability indicator at each monitoring site or representative monitoring site established pursuant to 
Section 354.36.  The numeric value used to define minimum thresholds shall represent a point in the basin that, if 
exceeded, may cause undesirable results as described in Section 354.26. 

(b) The description of minimum thresholds shall include the following: 
  (1) The information and criteria relied upon to establish and justify the minimum thresholds for each sustainability 

indicator. The justification for the minimum threshold shall be supported by information provided in the basin setting, 
and other data or models as appropriate, and qualified by uncertainty in the understanding of the basin setting. 

(c) Minimum thresholds for each sustainability indicator shall be defined as follows: 
  (5) Land Subsidence. The minimum threshold for land subsidence shall be the rate and extent of subsidence that 

substantially interferes with surface land uses and may lead to undesirable results. Minimum thresholds for land 
subsidence shall be supported by the following: 

    (A) Identification of land uses and property interests that have been affected or are likely to be affected by land 
subsidence in the basin, including and explanation of how the Agency has determined and considered those uses and 
interests, and the Agency’s rationale for establishing minimum thresholds in light of those effects.  

    (B) Maps and graphs showing the extent and rate of land subsidence in the basin that defines the minimum threshold and 
measurable objectives.  

(d) An Agency may establish a representative minimum threshold for groundwater elevation to serve as the value for 
multiple sustainability indicators, where the Agency can demonstrate that the representative value is a reasonable 
proxy for multiple individual minimum thresholds as supported by adequate evidence. 

 
Section 354.28(c)(5) of the Regulations states that “The minimum threshold for land subsidence shall be 
the rate and extent of subsidence that substantially interferes with surface land uses and may lead to 
undesirable results.”  Section 354.28(d) of the Regulations states that “an Agency may establish a 
representative minimum threshold for groundwater elevation to serve as the value for multiple 
sustainability indicators, where the Agency can demonstrate that the representative value is a 
reasonable proxy for multiple individual minimum thresholds as supported by adequate evidence.” 

This GSP uses groundwater elevation data as a proxy for land subsidence measurements.  According to 
the “Draft Sustainable Management Criteria BMP” (DWR 2017), an example land subsidence minimum 
threshold while using a groundwater elevation proxy can be determined as follows: 

“Groundwater level minimum thresholds are above historical low groundwater levels.  The GSA 
determines and documents that avoidance of the minimum thresholds for groundwater levels 
will also ensure that subsidence will be avoided.  In this approach, the GSA would be applying the 
same numeric definition to two undesirable results – chronic lowering of groundwater and 
subsidence.” 

As noted in Section 4.8.1, pumping of the test slant well from 2015 to early 2018 did not result in 
significant measurable subsidence.  Vertical displacement estimates between June 2015 and June 2018 
ranged from approximately 0.01 to 0.025 foot near the MGSA Area, which is negligible.  The slant well 
pumping represents the highest historical rate of groundwater extraction in the MGSA, and likely also 
the lowest drawdown.  It did not result in significant subsidence; therefore, application of the 
groundwater level decline minimum thresholds, which are above historical low groundwater levels, is 
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very unlikely to result in significant subsidence.  Drawdown within the MGSA Area will be greater; 
however, the aquifers that would be pumped by the MPWSP are the unconfined to semi-confined Dune 
Sand and 180-Foot Aquifers. These aquifers are relatively granular and are not overlain by infrastructure 
in the MGSA Area that is vulnerable to damage from subsidence.  For these reasons, the minimum 
thresholds established for the groundwater level decline RMS are an adequate proxy for the 
management of subsidence.  Therefore, this GSP adopts the minimum thresholds presented in Table 4-1 
as a proxy for subsidence.   

4.8.2.1 RELATIONSHIPS BETWEEN MINIMUM THRESHOLDS AND OTHER SUSTAINABILITY INDICATORS  

Regulation Requirements: 
§354.28 (b) The description of minimum thresholds shall include the following: 
  (2) The relationship between the minimum thresholds for each sustainability indictor, including and explanation of how the 

Agency has determined that basin conditions at each minimum threshold will avoid undesirable results for each of the 
sustainability indicators. 

 
Subsidence minimum thresholds have little or no impact on other minimum thresholds, as described 
below. 

• Chronic lowering of groundwater elevations.  As discussed in Section 4.4, a significant and 
unreasonable condition for change in groundwater elevations is a decline below levels that 
cause GDE stress, result in significant and unreasonable interference drawdown, or decline 
below levels regionally determined by SVBGSA to result in undesirable conditions related to 
seawater intrusion.  Subsidence minimum thresholds are set to be the chronic lowering of 
groundwater elevation minimum thresholds.  Managing subsidence to groundwater elevation 
minimum thresholds could not cause unacceptably low groundwater levels.  Therefore, the 
subsidence proxy minimum thresholds will not compel a significant or unreasonable lowering of 
groundwater levels. 

• Change in groundwater storage.  As discussed in Section 4.5, a significant and unreasonable 
condition for change in groundwater storage is defined as an annual extraction of groundwater 
in the MGSA Area that falls above the total long-term sustainable yield of the Subbasin 
established by SVBGSA or that results in depletion of the amount of low-TDS groundwater in 
storage in the Dune Sand, 180-Foot and 400-Foot Aquifers east of the MGSA Area.  The 
subsidence proxy minimum thresholds will not increase the amount of pumping and will not 
result in a significant or unreasonable change in groundwater storage. 

• Seawater intrusion.  As discussed in Section 4.6, significant and unreasonable seawater 
intrusion is defined as the migration of chloride isocontours that define the extent of seawater 
intrusion as of 2017 (for the 180-Foot, 400-Foot, and Deep Aquifers) or 2018 (for the Dune Sand 
Aquifer).  The subsidence proxy minimum thresholds will maintain groundwater levels above 
historic lows and therefore will not induce additional advancement of seawater intrusion. 

• Degraded water quality.  As discussed in Section 4.7, significant and unreasonable degradation 
of groundwater quality is defined as the lateral or vertical migration of a TDS isocontour, or the 
induced migration of a contaminant contour exceeding water quality objectives in a nearby 
contamination plume.  The subsidence sustainability indicator is closely related to the decline of 
groundwater elevations and is limited by the proxy minimum thresholds presented in Section 
4.4.2.  As discussed in Section 4.4.2.3, the minimum thresholds for groundwater level decline 
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will not lead to degradation of groundwater quality; therefore use of these proxy thresholds for 
subsidence will not result in a significant or unreasonable change in groundwater quality. 

• Depletion of interconnected surface waters.  A significant and unreasonable condition for the 
depletion of interconnected surface waters is depletion that causes significant and 
unreasonable degradation of GDEs, induces seawater intrusion in the tidal reaches of the river, 
or groundwater pumping-induced depletion of flow in the Salinas River that results in significant 
and unreasonable impacts to surface water uses.  The ground level subsidence minimum 
thresholds will not change the amount or location of pumping (and therefore, surface water 
depletion) and will not result in a significant or unreasonable depletion of interconnected 
surface waters. 

4.8.2.2 MINIMUM THRESHOLDS IN RELATION TO ADJACENT SUBBASINS AND GSPS 

Regulation Requirements  
§ 354.28 (b) The description of minimum thresholds shall include the following: 
  (3) How minimum thresholds have been selected to avoid causing undesirable results in adjacent basins or affecting the 

ability of adjacent basins to achieve sustainability goals. 
 
The MGSA Area is located adjacent to the Monterey Subbasin and shares boundaries with MCWD GSA 
and SVBGSA.  The MGSA uses groundwater elevation data as a proxy for the land subsidence minimum 
threshold.  The minimum threshold was selected to address potential locally-caused undesirable results 
associated with groundwater extraction, while retaining compatibility with regional sustainable 
management criteria.  Sustainable management criteria were established in collaboration with MCWD 
to support their sustainable management strategy.  In addition, the proxy minimum threshold for the 
180-Foot and 400-Foot Aquifers were selected to be compatible with SVBGSA’s minimum thresholds, 
which apply to the remainder of the Subbasin and to the portion of the Monterey Subbasin that is not 
managed by MCWD GSA.  These thresholds will promote cohesive management to achieve the 
sustainability goals of MGSA, SVBGSA and MCWD GSA. 

4.8.2.3 IMPACT OF MINIMUM THRESHOLDS ON BENEFICIAL USES AND USERS  

Regulation Requirements: 
§ 354.28 (b) The description of minimum thresholds shall include the following: 
  (4) How minimum thresholds may affect the interests of beneficial uses and users of groundwater or land uses and 

property interests. 
 
The subsidence proxy minimum thresholds are set to prevent long-term inelastic subsidence that could 
harm infrastructure.  Available data indicate that there is currently no long-term subsidence occurring in 
the Subbasin that affects infrastructure, and reductions in pumping, to the extent required, are already 
required by minimum thresholds for other sustainability indicators.  Therefore, the subsidence proxy 
minimum thresholds do not require any additional reductions in pumping and there is no negative 
impact on beneficial users. 
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4.8.2.4 CURRENT STANDARDS RELEVANT TO SUSTAINABILITY INDICATOR  

Regulation Requirements: 
§354.28 (b) The description of minimum thresholds shall include the following: 
  (5) How state, federal, or local standards relate to the relevant sustainability indicator.  If the minimum threshold differs 

from other regulatory standards, the Agency shall explain the nature of and basis for the difference.   
 
There are no federal, state, or local regulations related to subsidence. 

4.8.2.5 MEASUREMENT OF MINIMUM THRESHOLDS  

Regulation Requirements: 
§354.28 (b) The description of minimum thresholds shall include the following: 
(6) How each minimum threshold will be quantitatively measured, consistent with the monitoring network requirements 

described in Subarticle 4. 
 
Groundwater elevation proxy minimum thresholds will be directly measured from the RMS in the 
monitoring well network.  Groundwater level monitoring will be conducted in accordance with the 
monitoring plan outlined in Section 5.  Furthermore, the groundwater level monitoring will meet the 
requirements of the technical and reporting standards included in the Regulations. 

4.8.3 MEASURABLE OBJECTIVES AND INTERIM MILESTONES 
Regulation Requirements: 
§354.30 (a) Each Agency shall establish measurable objectives, including interim milestones in increments of five years, to 

achieve the sustainability goal for the basin with 20 years of Plan implementation and to continue to sustainably 
manage the groundwater basin over the planning and implementation horizon.  

(b) Measurable objectives shall be established for each sustainability indicator, based on quantitative values using the same 
metrics and monitoring sites as are used to define the minimum thresholds.  

(c) Measurable objectives shall provide a reasonable margin of operational flexibility under adverse conditions which shall 
take into consideration components such as historical water budgets, seasonal and long-term trends, and periods of 
drought, and be commensurate with levels of uncertainty.  

(e) Each Plan shall describe a reasonable path to achieve the sustainability goal for the basin within 20 years of Plan 
implementation, including a description of interim milestones for each relevant sustainability indicator, using the same 
metric as the measurable objective, in increments of five years. The description shall explain how the Plan is likely to 
maintain sustainable groundwater management over the planning and implementation horizon. 

 
The measurable objectives for subsidence are proxy groundwater levels which represent target 
groundwater elevations that are higher than the proxy minimum thresholds in order to provide early 
warning so potentially adverse trends can be addressed in a timely fashion.  Measurable objectives are 
also established to leave adequate operating flexibility to deal with anticipated variability in conditions 
such as seasonal and inter-annual climatic variations and droughts, uncertainties in aquifer conditions or 
unanticipated events.  As stated in Section 4.2,  

“MGSA will manage groundwater resources in the MGSA Area in a way that ensures all 
beneficial uses and users in, or affected by, groundwater management in the MGSA Area 
are protected from undesirable results, and have access to a safe and reliable 
groundwater supply that meets current and future demand.”   
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This GSP adopts the measurable objectives and interim milestones summarized in Table 4-2 as a proxy 
for the subsidence sustainability indicator.   

4.9 DEPLETION OF INTERCONNECTED SURFACE WATER 
4.9.1 LOCAL FACTORS POTENTIALLY CONTRIBUTING TO SIGNIFICANT AND UNREASONABLE 
CONDITIONS 
The MGSA Area is located approximately 4,000 feet from the Salinas River, and projected groundwater 
elevations are within less than 20 feet of the river thalweg elevation, suggesting an interconnection may 
exist between the Dune Sand Aquifer and the river at this location (Section 3.2.6.1.1).  Geophysical data 
collected in 2017 indicate that groundwater elevations in the Dune Sand Aquifer are close to the river 
stage elevation, and decline away from the river, suggesting a losing condition.  Within approximately ½ 
mile of the river mouth, the geophysical data suggest that seawater intrusion may be occurring through 
the riverbed and into the Dune Sand Aquifer and underlying 180-Foot Aquifer (Figure 3-22).  Under 
these conditions, a decline in groundwater elevations near the river would affect river flows and could 
increase the infiltration of saline water from the river into the aquifer.  In addition, although they are 
likely to be primarily dependent on surface water flows, riverine wetlands and riparian habitat located 
further upstream along the river could be affected by groundwater elevation declines (Figure 3-38).   

As discussed in Section 3.2.6.1.1, projected groundwater elevations in the spring of 2018 were within 
less than 2 to 5 feet of several mapped vernal ponds (palustrine and emergent wetlands) located east of 
the MGSA Area that are designated as environmentally sensitive habitat areas that are protected by the 
California Coastal Act, other laws and mitigation agreements (Section 2.1.2).  Groundwater elevation 
declines beneath these GDEs could adversely affect protected habitats and species.  

Groundwater modeling for the proposed MPWSP predicted that the amount of river flow depletion 
would result from makeup groundwater pumping to supply the project would be 400 AFY (ESA 2018).  
These modeling results have not been verified for preparation of this GSP; however, for perspective, the 
predicted depletion is less than 1 cubic foot/second and would be unlikely to have a significant and 
unreasonable effect on the beneficial uses of water in the Salinas River.  The USGS is developing the 
SVIHM as a regional modeling and hydrogeologic assessment tool, and this model is expected to be 
more robust and refined than the model used for the MPWSP impact analysis.  As discussed in Chapters 
6 and 7, SVBGSA intends to use the USGS SVIHM to evaluate surface-groundwater interaction.  
Additionally, the MCWD GSA intends to build a refined local model that may incorporate the Salinas 
River.  MGSA intends to engage with these efforts and review the modeling investigations, and to refine, 
among other things, the assessment of surface-groundwater interaction along the lower reach of the 
Salinas River.   

The geophysical investigation data illustrated in Figure 3-22 suggest that seawater intrusion through the 
riverbed in the lower ½ mile reach of the river has historically occurred; however, the data are 
insufficient to assess whether current intrusion rates differ from historical baseline rates.  Review of 
historical evapotranspiration data suggest a decline in groundwater availability to GDEs east of the 
MGSA Area occurred during the test slant well pumping test conducted from April 2015 to February 
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2018; however, this period also coincided with a drought, and measured groundwater elevation declines 
resulted from both drought and pumping conditions.  ET rates in 2017 and 2018 appeared to recover to 
their pre-test levels.  It is not known whether the GDEs were adversely affected during this period of 
stress.  As such, it is not known if there were recent significant and unreasonable impacts to GDEs.    

4.9.2 MINIMUM THRESHOLDS  
Regulation Requirements: 
§354.28 (a) Each Agency in its Plan shall establish minimum thresholds that quantify groundwater conditions for each 

applicable sustainability indicator at each monitoring site or representative monitoring site established pursuant to 
Section 354.36.  The numeric value used to define minimum thresholds shall represent a point in the basin that, if 
exceeded, may cause undesirable results as described in Section 354.26. 

(b) The description of minimum thresholds shall include the following: 
  (1) The information and criteria relied upon to establish and justify the minimum thresholds for each sustainability 

indicator. The justification for the minimum threshold shall be supported by information provided in the basin setting, 
and other data or models as appropriate, and qualified by uncertainty in the understanding of the basin setting. 

(c) Minimum thresholds for each sustainability indicator shall be defined as follows: 
  (6) Depletions of Interconnected Surface Water. The minimum threshold for depletions of interconnected surface water 

shall be the rate or volume of surface water depletions caused by groundwater use that has adverse impacts on 
beneficial uses of the surface water and may lead to undesirable results.  The minimum threshold established for 
depletions of interconnected surface water shall be supported by the following: 

    (A) The location, quantity, and timing of depletions of interconnected surface water. 
    (B) A description of the groundwater and surface model used to quantify surface water depletion. If a numerical 

groundwater and surface water model is not used to quantify surface water depletion, the Plan shall identify and 
describe an equally effective method, tool, or analytical model to accomplish the requirements of this Paragraph.    (B) 
Maps and graphs showing the extent and rate of land subsidence in the basin that defines the minimum threshold and 
measurable objectives.  

(d) An Agency may establish a representative minimum threshold for groundwater elevation to serve as the value for 
multiple sustainability indicators, where the Agency can demonstrate that the representative value is a reasonable 
proxy for multiple individual minimum thresholds as supported by adequate evidence. 

 
Section 354.28(d) of the Regulations states that “an Agency may establish a representative minimum 
threshold for groundwater elevation to serve as the value for multiple sustainability indicators, where 
the Agency can demonstrate that the representative value is a reasonable proxy for multiple individual 
minimum thresholds as supported by adequate evidence.”  According to the “Draft Sustainable 
Management Criteria BMP” (DWR 2017), one possible approach to using minimum thresholds for 
chronic groundwater level decline as a proxy for another minimum threshold is to: 

“[d]emonstrate that the minimum thresholds and measurable objectives for chronic declines of 
groundwater levels are sufficiently protective to ensure significant and unreasonable occurrences 
of other sustainability indicators will be prevented. In other words, demonstrate that setting a 
groundwater level minimum threshold satisfies the minimum threshold requirements for not only 
chronic lowering of groundwater levels but other sustainability indicators at a given site.” 

Depletion of interconnected surface water is directly related to groundwater level decline in the 
uppermost aquifer system which is in contact with the stream or wetland being affected, in this case, 
the Dune Sand Aquifer.  As discussed in Section 4.9.2, groundwater modeling for the proposed MPWSP 
predicted that, if implemented, the project would result in a river flow depletion less than 1 cubic 
foot/second, which would be unlikely to have a significant and unreasonable effect on the beneficial 
uses of water in the Salinas River(ESA 2018).  As such, the primary potential effect of concern associated 
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with the decline of groundwater levels in the Dune Sand Aquifer is potential stress to GDEs.  The 
rationale for establishment of a minimum threshold for the Dune Sand Aquifer to prevent potential 
significant and unreasonable impacts to GDEs is described in Section 4.4.2, and also applies to 
establishment of a minimum threshold for depletion of interconnected surface water.  For these 
reasons, the minimum thresholds established for the groundwater level decline RMS are an adequate 
proxy for the depletion of interconnected surface water.  Therefore, this GSP adopts the minimum 
thresholds for RMS in the Dune Sand Aquifer presented in Table 4-1 as a proxy for depletion of 
interconnected surface water based on the potential for adverse impacts to GDEs.  Because 180-Foot, 
400-Foot and Deep Aquifers are not directly interconnected to surface water, no minimum thresholds or 
measurable objectives are established for these aquifers. 

4.9.2.1 RELATIONSHIPS BETWEEN MINIMUM THRESHOLDS AND OTHER SUSTAINABILITY INDICATORS  

Regulation Requirements: 
§354.28 (b) The description of minimum thresholds shall include the following: 
  (2) The relationship between the minimum thresholds for each sustainability indictor, including and explanation of how the 

Agency has determined that basin conditions at each minimum threshold will avoid undesirable results for each of the 
sustainability indicators. 

 
The interconnected surface water minimum thresholds use the groundwater elevation decline minimum 
thresholds for the Dune Sand Aquifer as a proxy.  They are derived from historical groundwater 
elevation measurements.  Therefore, the minimum thresholds are unique at every well, but when 
combined represent a “compliance surface” that represents a cohesive dataset.  There is no conflict 
between the thresholds at adjacent locations.   

Interconnected surface water minimum thresholds can influence other sustainability indicators.  The 
groundwater elevation minimum thresholds are selected to avoid undesirable results for other 
sustainability indicators. 

• Chronic lowering of groundwater elevations.  As discussed in Section 4.4, a significant and 
unreasonable condition for change in groundwater elevations is a decline below levels that 
cause GDE stress, result in significant and unreasonable interference drawdown, or decline 
below levels regionally determined by SVBGSA to result in undesirable conditions related to 
seawater intrusion.  The thresholds for depletion of interconnected surface water and chronic 
groundwater level decline are identical and will prevent undesirable results for both 
sustainability indicators. 

• Reduction in groundwater storage.  As discussed in Section 4.5, a significant and unreasonable 
condition for change in groundwater storage is defined as an annual extraction of groundwater 
in the MGSA Area that falls above the total long-term sustainable yield of the Subbasin 
established by SVBGSA or that results in depletion of the amount of low-TDS groundwater in 
storage in the Dune Sand, 180-Foot and 400-Foot Aquifers east of the MGSA Area.  Decline of 
groundwater elevations would be associated with changes in storage, therefore, limiting 
changes in storage would also limit groundwater level declines and changes in surface-
groundwater interaction.  The minimum thresholds for both sustainability indicators will have 
the same effect – these thresholds will complement each other.   
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• Seawater intrusion.  As discussed in Section 4.6, significant and unreasonable seawater 
intrusion is defined as the migration of chloride isocontours that define the extent of seawater 
intrusion as of 2017 (for the 180-Foot, 400-Foot and Deep Aquifers) or 2018 (for the Dune Sand 
Aquifer).  As discussed in Section 3.2.3.2, a decline in groundwater levels would lead to a change 
in the interface dynamics between the saline water intrusion wedge and the overlying low-TDS 
zone, and could potentially result in seawater intrusion; however, the minimum threshold for 
groundwater level decline in the Dune Sand Aquifer is set at a much lower level based on 
protection of GDEs.  Thus, these minimum thresholds are adequate to address both seawater 
intrusion and depletion of interconnected surface water.  Groundwater elevation declines could 
induce additional saline water intrusion the bed of the lowermost reaches of the Salinas River; 
however, the minimum threshold for interconnected surface waters is set above recent 
groundwater elevations, so the compliance with the minimum threshold should prevent a 
worsening of seawater intrusion beyond historical levels.  For these reasons, the interconnected 
surface water minimum threshold is unlikely to result in significant and unreasonable seawater 
intrusion, but rather, will help to protect water quality. 

• Degraded water quality.  As discussed in Section 4.7, significant and unreasonable degradation 
of groundwater quality is defined as the lateral or vertical migration of a TDS isocontour, or the 
induced migration of a contaminant contour exceeding water quality objectives in a nearby 
contamination plume.  This sustainability indicator is closely related to the decline of 
groundwater elevations; however, the minimum threshold for groundwater level decline in the 
Dune Sand Aquifer is set at a much lower level based on protection of GDEs.  .  For these 
reasons, the interconnected surface water minimum threshold is unlikely to result in significant 
and unreasonable degraded water quality, but rather, will help to protect water quality. 

• Subsidence.  A significant and unreasonable condition for subsidence is any measurable long-
term inelastic subsidence that damages existing infrastructure.  Subsidence is caused by 
depressurization and compaction of fine-grained sediments in response to lowering 
groundwater levels, especially in confined systems when groundwater elevations fall below 
historical lows.  The groundwater elevation minimum thresholds are set 1 foot above recent low 
groundwater elevations, making measurable subsidence unlikely.   

4.9.2.2 MINIMUM THRESHOLDS IN RELATION TO ADJACENT SUBBASINS AND GSPS 

Regulation Requirements  
§ 354.28 (b) The description of minimum thresholds shall include the following: 
  (3) How minimum thresholds have been selected to avoid causing undesirable results in adjacent basins or affecting the 

ability of adjacent basins to achieve sustainability goals. 
 
The proxy minimum thresholds for the Depletion of Interconnected Surface Water are the same as the 
minimum thresholds for the Chronic Decline of Groundwater Levels in the Dune Sand Aquifer, and are 
compatible across Subbasin and GSP boundaries. 

The MGSA Area is located adjacent to the Monterey Subbasin and shares boundaries with MCWD GSA 
and SVBGSA.  The minimum threshold was selected to address potential locally-caused undesirable 
results associated with groundwater extraction, while retaining compatibility with regional sustainable 
management criteria.  Sustainable management criteria were established in collaboration with MCWD 
to support their sustainable management strategy.  The thresholds represent a smooth groundwater 
elevation surface and would be continuous across inter-agency and inter-basin boundaries.  As such, 
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these thresholds will promote cohesive management to achieve the sustainability goals of MGSA, 
SVBGSA, and MCWD GSA.  SVBGSA’s GSP does not present sustainable management criteria for the 
Dune Sand Aquifer; however, the minimum thresholds established in MGSA’s GSP for the Dune Sand 
Aquifer are compatible with SVBGSA’s management strategy for the underlying regional aquifers.  The 
minimum thresholds for the Dune Sand Aquifer to address local resource conditions will not impede or 
conflict with SVBGSA’s ability to reach their sustainability goals.  To the contrary, they will protect 
sensitive local resources in the portion of the Subbasin managed by SVBGSA from potential harm caused 
by groundwater extraction in the MGSA Area.   

SVBGSA has identified aquifer interaction with interconnected surface water and GDEs as a data gap it 
plans to investigate further through the installation of additional monitoring wells and the use of the 
United States Geological Survey (USGS) soon to be released Salinas Valley integrated Hydrologic Model 
(SVIHM).  As discussed in Chapters 6 and 7, MGSA plans to support SVBGSA’s evaluation and to review 
the results and other available hydrologic and biological data to determine whether modification of the 
sustainable management criteria for interconnected surface water in this GSP require updating.  The 
application of the minimum threshold for interconnected surface water in this GSP will not interfere 
with SVBGSA’s management or data gap investigation, and any data gleaned during implementation of 
the GSP will be shared with SVBGSA.    

4.9.2.3 IMPACT OF MINIMUM THRESHOLDS ON BENEFICIAL USES AND USERS  

Regulation Requirements: 
§ 354.28 (b) The description of minimum thresholds shall include the following: 
  (4) How minimum thresholds may affect the interests of beneficial uses and users of groundwater or land uses and 

property interests. 
 
The interconnected surface water groundwater proxy minimum thresholds for beneficial uses are the 
same as groundwater elevation minimum thresholds.  Specifically, relative to interconnected surface 
water, they may have the following effects on beneficial users and land uses in the Subbasin:  

• The groundwater elevation threshold for the Dune Sand Aquifer will assure that GDEs are not 
adversely affected by groundwater extraction in the MGSA Area.  This will help to preserve 
protected habitats and species. 

• The threshold will prevent an increase in the rate of seawater intrusion through the riverbed in 
the lower, tidally-influenced reach of the Salinas River. 

4.9.2.4 CURRENT STANDARDS RELEVANT TO SUSTAINABILITY INDICATOR  

Regulation Requirements: 
§354.28 (b) The description of minimum thresholds shall include the following: 
  (5) How state, federal, or local standards relate to the relevant sustainability indicator.  If the minimum threshold differs 

from other regulatory standards, the Agency shall explain the nature of and basis for the difference.   
 
Streamflow requirements as described in the National Marine and Fisheries Service (NMFS) Salinas 
Valley Water Project Flow Prescription for Steelhead Trout in the Salinas River (MCWRA 2005).  MCWRA 
currently manages flows in the Salinas River to meet the requirements of the National Marine Fisheries 
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biological opinion (National Marine Fisheries Service 2007).  The NMFS biological opinion was developed 
using measured streamflows between 1995 and 2005.  The measured streamflow reflects current 
surface water depletion rates, and therefore current depletion rates are already incorporated into the 
river management plan.  Releases from Nacimiento Reservoir and San Antonio Reservoir have 
successfully maintained required environmental flows under current groundwater pumping and surface 
water depletion conditions.  The Steelhead Trout flow prescriptions are described in MCWRA, 2005.  
This document guides the operating rules for the San Antonio and Nacimiento reservoir releases.   

4.9.2.5 MEASUREMENT OF MINIMUM THRESHOLDS  

Regulation Requirements: 
§354.28 (b) The description of minimum thresholds shall include the following: 
(6) How each minimum threshold will be quantitatively measured, consistent with the monitoring network requirements 

described in Subarticle 4. 
 
Groundwater elevation minimum thresholds will be directly measured from the monitoring well 
network.  The groundwater level monitoring will be conducted in accordance with the monitoring plan 
outlined in Chapter 5.  Furthermore, the groundwater level monitoring will meet the requirements of 
the technical and reporting standards included in the Regulations.   

4.9.3 MEASURABLE OBJECTIVES AND INTERIM MILESTONES 
Regulation Requirements: 
§354.30 (a) Each Agency shall establish measurable objectives, including interim milestones in increments of five years, to 

achieve the sustainability goal for the basin with 20 years of Plan implementation and to continue to sustainably 
manage the groundwater basin over the planning and implementation horizon.  

(b) Measurable objectives shall be established for each sustainability indicator, based on quantitative values using the same 
metrics and monitoring sites as are used to define the minimum thresholds.  

(c) Measurable objectives shall provide a reasonable margin of operational flexibility under adverse conditions which shall 
take into consideration components such as historical water budgets, seasonal and long-term trends, and periods of 
drought, and be commensurate with levels of uncertainty.  

(e) Each Plan shall describe a reasonable path to achieve the sustainability goal for the basin within 20 years of Plan 
implementation, including a description of interim milestones for each relevant sustainability indicator, using the same 
metric as the measurable objective, in increments of five years. The description shall explain how the Plan is likely to 
maintain sustainable groundwater management over the planning and implementation horizon. 

 
As discussed in Section 4.4 and Chapter 7, groundwater elevation minimum thresholds and measurable 
objectives are established for the Dune Sand Aquifer on an interim basis until investigations to address 
data gaps in the degree of groundwater connection of riverine wetlands and GDEs, and the response of 
other GDEs to groundwater level decline, can be assessed.  Because the documented historical range in 
groundwater elevations in the Dune Sand Aquifer is relatively limited, the interim measurable objectives 
are established equal to the minimum thresholds, and interim milestones are established at the same 
elevations.   
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4.9.4 UNDESIRABLE RESULTS  
Regulation Requirements: 
§354.26 (a) Each Agency shall describe in its Plan the processes and criteria relied upon to define undesirable results 

applicable to the basin. Undesirable results occur when significant and unreasonable effects for any of the sustainability 
indicators are caused by groundwater conditions occurring throughout the basin. 

(b) The description of undesirable results shall include the following: 
   (1) The cause of groundwater conditions occurring throughout the basin that would lead to or has led to undesirable 

results based on information described in the basin setting, and other data or models as appropriate. 
   (2) The criteria used to define when and where the effects of the groundwater conditions cause undesirable results for 

each applicable sustainability indicator. The criteria shall be based on a quantitative description of the combination of 
minimum threshold exceedances that cause significant and unreasonable effects in the basin.  

   (3) Potential effects on the beneficial uses and users of groundwater, on land uses and property interests, and other 
potential effects that may occur or are occurring from undesirable results. 

(c) The Agency may need to evaluate multiple minimum thresholds to determine whether an undesirable result is occurring 
in the basin. The determination that undesirable results are occurring may depend upon measurements from multiple 
monitoring sites, rather than a single monitoring site. 

 
Regionally, the SVBGSA describes significant and unreasonable depletion of interconnected surface 
water in the Subbasin as depletion of interconnected surface water flows that may prevent the MCWRA 
from meeting biological flow requirements in the Salinas River, or would cause an unreasonable impact 
on other water rights holders.  The following criteria were considered by SVBGSA (2019): 

• MCWRA currently manages flows in the Salinas River to meet the requirements of the National 
Marine Fisheries Service (NMFS) biological opinion (NMFS 2007).  The NMFS biological opinion 
was developed using measured streamflows between 1995 and 2005.  The measured 
streamflow reflects current surface water depletion rates, and therefore current depletion rates 
are already incorporated into the river management plan.  Furthermore, releases from 
Nacimiento Reservoir and San Antonio Reservoir have successfully maintained required 
environmental flows under current groundwater pumping and surface water depletion 
conditions.  The Steelhead Trout flow prescriptions are described in Salinas Valley Water Project 
Flow Prescription for Steelhead Trout in the Salinas River (MCWRA 2005).  This document guides 
the operating rules for the San Antonio and Nacimiento reservoir releases.  Therefore, steelhead 
flow requirements are being met and current surface water depletion rates are not 
unreasonable with regards to maintaining flow required in the biological opinion. 

• In addition to managing the river for environmental needs, the MCWRA manages the Salinas 
River to maintain adequate water supply for other beneficial uses.  The Nacimiento and San 
Antonio reservoirs provide flood control benefits as well as groundwater recharge benefits 
through its sandy channels, where water rights holders along the river can pump out water 
according to their water rights.  Therefore, among other things, the Salinas River is managed to 
satisfy the water supply needs of riparian pumpers and the existing depletions are neither 
significant nor unreasonable. 

• Regionally, there is significant leakance from the Salinas River to the underlying groundwater, 
but it is not considered unreasonable with regards to riparian rights holders.  To the extent that 
groundwater pumping depletes surface water flows, these depletions and the potential surface 
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water limitations would be injurious only if the surface water right holders held rights senior to 
the groundwater pumpers.  

Locally, the following additional criteria were considered in defining undesirable results for this GSP: 

• Potential seawater intrusion through the bed of the tidally-influenced reach of the Salinas River 
resulting from groundwater drawdown in the Dune Sand Aquifer near the river; and 

• Groundwater drawdown in the Dune Sand Aquifer near GDEs that is sufficient to cause 
vegetative stress that leads to habitat degradation or harm to protected species.   

The causes of potential undesirable results are further discussed in Section 4.9.1 and the potential 
effects of undesirable results on the beneficial users of groundwater, land uses, and property owners 
are discussed in Sections 4.9.1 and 4.9.2.   

Based on this information, undesirable results for the depletion of interconnected surface water 
sustainability indicator are defined as an exceedance of the groundwater elevation proxy minimum 
thresholds at two or more locations in the Dune Sand Aquifer in any given year.   
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5 MONITORING NETWORK 
Regulation Requirements: 
§354.32 This Subarticle describes the monitoring network that shall be developed for each basin, including monitoring 

objectives, monitoring protocols, and data reporting requirements. The monitoring network shall promote the 
collection of data of sufficient quality, frequency, and distribution to characterize groundwater and related surface 
water conditions in the basin and evaluate changing conditions that occur through implementation of the Plan. 

 
This chapter describes the monitoring networks used to collect data to support implementation of the 
Groundwater Sustainability Plan (GSP) for the Marina Groundwater Sustainability Agency (MGSA) Area.  
This chapter has been prepared in accordance with Title 23, California Code of Regulations (CCR) § 
354.32 and describes monitoring objectives, monitoring protocols, and data reporting requirements. 

5.1 INTRODUCTION  
Regulation Requirements: 
§354.34(a) Each Agency shall develop a monitoring network capable of collecting sufficient data to demonstrate short-term, 

seasonal, and long-term trends in groundwater and related surface conditions, and yield representative information 
about groundwater conditions as necessary to evaluate Plan Implementation. 

 
The MGSA Area covers approximately 372 acres and is part of the broader 180/400 Foot Aquifer 
Subbasin (Subbasin).  Salinas Valley Basin Groundwater Sustainability Agency (SVBGSA) manages the 
portions of the Subbasin that lie outside the MGSA Area under a regional GSP (Figure 5-1).  Marina Coast 
Water District Groundwater Sustainability Agency (MCWD GSA) has jurisdiction over the Central Marina 
and Ord Community portions of its service area in this Subbasin, although MCWD has entered into an 
agreement with SVBGSA for SVBGSA to prepare the GSP in these areas.   

This chapter describes the monitoring network that will be used to collect representative information 
about groundwater conditions as necessary to evaluate and guide implementation of the local GSP for 
the MGSA Area.  Monitoring activities will focus on key resources and the following four principal 
aquifers within and proximal to the MGSA Area, which are further described in Section 3.1.6: 

• Dune Sand Aquifer (Dune Sand Aquifer).  The uppermost aquifer, which is of local importance 
due to its interaction with local groundwater-dependent ecosystems (GDEs), substantial storage 
of groundwater with designated potential beneficial use as a municipal or domestic supply, and 
importance in maintaining nearshore seawater intrusion dynamics; 

• 180-Foot Aquifer.  The uppermost groundwater supply aquifer of regional importance in the 
Subbasin, which is seawater intruded in the vicinity of the MGSA Area, but includes significant 
zones of groundwater with a designated beneficial use as a domestic and municipal supply in 
the vicinity;  

• 400-Foot Aquifer.  The second groundwater supply aquifer of regional importance in the 
Subbasin, which is seawater intruded in the vicinity of the MGSA Area, but includes significant 
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zones of groundwater with a designated beneficial use as a domestic and municipal supply in 
the vicinity; and   

• Deep Aquifer.  The deepest regional groundwater supply aquifer, which is not seawater 
intruded and currently provides the only source of municipal water supply for the City of 
Marina.   

As described in Chapter 2, several existing monitoring programs that are being implemented by 
Monterey County Water Resources Agency (MCWRA), SVBGSA or others are relevant to the MGSA Area 
and data collected for these programs will be used for the monitoring program for this MGSA GSP as 
described further below.  

In the event that the Monterey Peninsula Water Supply Project (MPWSP) is not implemented, MGSA will 
explore alternative arrangements with MCWRA to implement the monitoring program.  MGSA is in the 
process of developing an agreement with MCWRA regarding utilization of monitoring data from its 
proposed coastal monitoring program.  Once developed, this agreement would recognize that if the 
MPWSP does not move forward, MCWRA will consult with GSAs having jurisdiction in the area to 
develop an alternative coastal monitoring program using the existing monitoring and supply wells 
identified in the Mitigation Monitoring and Reporting Program (MMRP) for the MPWSP (CPUC 2018, 
Zidar and Feeney 2019).   

5.1.1 MONITORING NETWORK OBJECTIVES  

 
The Sustainable Groundwater Management Act (SGMA) requires that monitoring networks be 
developed to promote the collection of data of sufficient quality, frequency, and distribution to 
characterize groundwater and related surface water conditions in groundwater basins managed by 
GSAs, and to evaluate changing conditions that occur as GSPs are implemented.  The monitoring 
networks must be established to collect representative information to demonstrate short-term, 
seasonal, and long-term trends as needed to support the following SGMA requirements:  

• Monitor changes in groundwater conditions and demonstrate compliance with minimum 
thresholds and progress toward achieving measurable objectives and interim milestones, as 
appropriate; 

• Monitor impacts to the beneficial uses or users of groundwater;  

Regulation Requirements: 
§354.34(b) Each Plan shall include a description of the monitoring network objectives for the basin, including an explanation 

of how the network will be developed and implemented to monitor groundwater and related surface conditions, and 
the interconnection of surface water and groundwater, with sufficient temporal frequency and spatial density to 
evaluate the affects and effectiveness of Plan implementation. The monitoring network objectives shall be 
implemented to accomplish the following: 

    1) Demonstrate progress toward achieving measurable objectives described in the Plan. 
    2) Monitor impacts to the beneficial uses or users of groundwater. 
    3) Monitor changes in groundwater conditions relative to measurable objectives and minimum thresholds. 
    4) Quantify annual changes in water budget components. 
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• Quantify annual changes in water budget components; and 

• Assess the criteria that trigger the implementation and termination of management actions and 
assess their effectiveness under conditions that include minimum threshold exceedances, 
variable conditions, and adverse impacts to beneficial uses and users of groundwater.  

5.1.2 NETWORK DEVELOPMENT PROCESS  
Regulation Requirements: 
§354.34(c) Each monitoring network shall be designed to accomplish the following for each sustainability indicator: 
[§354.34(c)(1) through §354.34(c)(6) are individually listed below] 

 
Monitoring networks are developed for each of the six sustainability indicators identified in SGMA, 
including: 

• Chronic Lowering of Groundwater Levels; 
• Reduction in Groundwater Storage; 
• Seawater Intrusion;  
• Degraded Groundwater Quality;  
• Land Subsidence; and 
• Depletion of Interconnected Surface Water. 

Since DWR’s regulations allow MGSA to use existing monitoring sites in its monitoring network, the 
monitoring networks described in this chapter include existing locations as well as currently planned 
expansions of existing programs.  As described in Section 2.2, there are several existing and well-
developed monitoring programs and networks that are used to monitor the principal aquifers in the 
180/400 Foot Aquifer Subbasin.  These include regional programs implemented by MCWRA to monitor 
groundwater elevations and seawater intrusion, including monitoring for the California Statewide 
Ambient Groundwater Elevation Monitoring (CASGEM) program.  Other programs will be implemented 
by SVBGSA to monitor groundwater storage changes, subsidence, and surface-groundwater interaction 
for their 180/400 Foot Aquifer Subbasin GSP.  These programs are pertinent to this MGSA GSP as they 
characterize regional conditions and trends in the Subbasin.  However, because the MGSA Area 
comprises a relatively limited portion of the Subbasin’s seaward edge, the MGSA GSP will rely primarily 
on data collected from a local monitoring network adopted in and around the MGSA Area under the 
Mitigation, Monitoring and Reporting Program (MMRP) for the proposed Monterey Peninsula Water 
Supply Project (MPWSP) (CPUC 2018, Zidar and Feeney 2019).   

In the event that the MPWSP is not implemented, MGSA will explore alternative arrangements with 
MCWRA to implement the monitoring program.  MGSA is in the process of developing an agreement 
with MCWRA regarding utilization of monitoring data from its proposed coastal monitoring program.  
Once developed, this agreement would recognize that if the MPWSP does not move forward, MCWRA 
will consult with GSAs having jurisdiction in the area to develop an alternative coastal monitoring 
program using the existing monitoring and supply wells identified in the MMRP for the MPWSP.   
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The locations of the existing and proposed wells in MCWRA’s MMRP monitoring program are shown in 
Figure 5-2.  There are currently eight monitoring well clusters with 24 wells within and near the MGSA 
Area that were installed to monitor test slant well pumping for the MPWSP design and environmental 
studies.  Each of these clusters has a well completed in the Dune Sand Aquifer, the 180-Foot Aquifer, 
and the 400-Foot Aquifer  The existing clusters are designated MW-1, MW-3, MW-4, MW-5, MW-6, 
MW-7, MW-8, and MW-9 (the MW-2 cluster was not constructed).1  Under the MMRP for the proposed 
MPWSP, if the project moves forward, MCWRA will construct five additional well clusters with three 
wells each at locations MW-A, MW-B, MW-C, MW-D and MW-E, and construct another well at MW-5S 
screened in the Dune Sand Aquifer below the perched zone, to expand the network of nested 
monitoring wells to a total of 40 wells (Zidar and Feeney 2019).  In addition, under the MMRP MCWRA 
will monitor a number of other existing wells in the vicinity of the MGSA Area that are in the MCWRA, 
MCWD or Fort Ord monitoring networks, including 10 wells completed in the Dune Sand Aquifer, eight 
wells completed in the 180-Foot Aquifer, five wells completed in the 400-Foot Aquifer and eight wells 
completed in the Deep Aquifer.  MCWRA will also monitor six nested monitoring wells in the Deep 
Aquifer constructed by the United States Geological Survey (USGS) at two locations approximately ½ 
mile south of the MGSA Area.  The locations and construction details of these 77 wells are summarized 
in Tables 5-1 through 5-4 for the Dune Sand, 180-Foot, 400-Foot, and Deep Aquifers, respectively.  
Boring logs and well completion diagrams are provided in Appendix 5.A.   

This MGSA GSP monitoring network will include the MCWRA’s MMRP monitoring program wells as 
described in the following sections.  Data from all of the monitoring wells will be considered to 
characterize regional groundwater conditions surrounding the MGSA Area, but only a subset of wells will 
be included in the monitoring networks used to assess groundwater level and quality conditions for 
compliance with the measurable objectives and minimum thresholds established in Chapter 4.  Tables 5-
1 through 5-4 identify the wells which are included in the MGSA groundwater elevation, groundwater 
quality and/or induction logging monitoring networks.  In addition to groundwater monitoring data, 
some sustainability indicators may rely on collection of other types of data (e.g., induction logging, 
groundwater extraction reporting and biological monitoring).  Data gaps are identified for each 
monitoring network; filling these data gaps and developing more extensive and complete monitoring 
programs will improve MGSA’s and others’ ability to support sustainable groundwater management and 
refine the existing conceptual and numerical hydrogeologic models.  

5.1.3 REPRESENTATIVE MONITORING SITES 
Regulation Requirements: 
§354.36 Each Agency may designate a subset of monitoring sites as representative of conditions in the basin or an area of 

the basin, as follows: 
§354.36(a) Representative monitoring sites may be designated by the Agency as the point at which sustainability indicators 

are monitored, and for which quantitative values for minimum thresholds, measurable objectives, and interim 
milestones are defined. 

 
1 Monitoring data indicates MW‐5S is screened in a perched aquifer above the DSA. Therefore, the monitoring well has been re‐
designated as MW‐5S(P) to indicate it is representative of a local perched aquifer.  Similarly, MW‐6D is screened in the lower 
portion of the 180‐Foot Aquifer and has been re‐designated as MW‐6M(L) to indicate it represents the 180‐Foot Aquifer. 
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Representative monitoring sites (RMS) are defined in the regulations as a subset of monitoring sites that 
are considered representative of conditions in a subbasin.  The subset of wells designated as the RMS 
for the Dune Sand Aquifer, 180-Foot, and the 400-Foot Aquifers in Chapter 4 was used to establish 
minimum thresholds and measurable objectives for each of the sustainability indicators (refer to Table 
4-1).  The network that will be used to collect data to evaluate the sustainability indicators will include 
all of the monitoring wells that are part of MCWRA’s MMRP monitoring program and are identified in 
Tables 5-1 through 5-4, and discussed in the subsections for each sustainability indicator.   

5.1.4 REVIEW AND EVALUATION OF MONITORING NETWORK  
Regulation Requirements: 
§354.38(a) Each Agency shall review the monitoring network and include an evaluation in the Plan and each five-year 

assessment, including a determination of uncertainty and whether there are data gaps that could affect the ability of the 
Plan to achieve the sustainability goal for the basin. 

 
MGSA will review the monitoring network described in this GSP at a frequency of not greater than every 
five years to assess whether data gaps exist that could affect MGSA’s ability to achieve the sustainability 
goals for the MGSA Area.  An initial evaluation will be conducted in collaboration with Marina Coast 
Water District (MCWD) GSA, SVBGSA, and MCWRA when the United States Geologic Survey (USGS) 
releases the Salinas Valley Integrated Hydrologic Model (SVIHM), as described below.  Data gaps, if 
identified, could result in the need to install additional monitoring wells or add additional monitoring 
locations or procedures to complement the existing network and/or to increase the frequency of 
monitoring.  Reviews and appropriate response actions will be performed in collaboration with SVBGSA, 
MCWRA and MCWD GSA.  Several areas of review are identified at this time: 

• As discussed in Section 7.1.4, USGS anticipates releasing its fully calibrated SVIHM in late 2020 
(SVBGSA 2019).  The SVIHM, when available, will represent the state of the science when it 
comes to groundwater management tools in the Salinas Valley Basin, and SVBGSA intends to 
update its GSP based on refined information regarding the groundwater flow system, water 
budgets and predictive capability of that model.  MGSA intends to work in parallel with SVBGSA 
in its review of the calibrated SVIHM and update this GSP at the same time.  If the new 
information is significant for local groundwater management, MGSA will prepare an addendum 
or update report refining the GSP.   

• Monitoring of the Deep Aquifer in the 180/400 Foot Aquifer Subbasin has historically been 
limited considering the thickness and complexity of this aquifer system.  The 14 Deep Aquifer 
wells included in the groundwater level and quality monitoring networks for this GSP help to 
address this data gap.  Additional characterization and monitoring of the Deep Aquifer are 
currently being discussed by MCWRA, SVBGSA and MCWD GSA, and it is possible that additional 
monitoring wells will be completed in the Deep Aquifer near the MGSA Area in the future.  
Monitoring of the Deep Aquifer, for the purposes of this GSP, will be accomplished using 
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information from existing USGS and other monitoring wells that are being monitored by 
MCWRA, and expanded if new wells are installed in the area.   

• MCWD GSA will review the adequacy of this monitoring well network during development of the 
GSP for the Monterey Subbasin, which is due to be completed in 2022.  This review will be 
conducted in the context of developing a locally-refined groundwater flow, solute transport, and 
density-driven flow model.  Any refinements or changes in the monitoring network adopted by 
MCWD GSA will be reviewed and considered for adoption in this GSP to ensure that the local 
monitoring system provides consistent data for both GSPs.   

5.2 CHRONIC LOWERING OF GROUNDWATER LEVELS  
Regulation Requirements: 
§354.34(c) Each monitoring network shall be designed to accomplish the following for each sustainability indicator:  
(1) Chronic Lowering of Groundwater Levels. Demonstrate groundwater occurrence, flow directions, and hydraulic gradients 

between principal aquifers and surface water features by the following methods: 
    A) A sufficient density of monitor wells to collect representative measurements through depth-discrete perforated 

intervals to characterize the groundwater table or potentiometric surface for each principal aquifer. 
    B) Static groundwater elevation measurements shall be collected at least two times per year, to represent seasonal low 

and seasonal high groundwater conditions. 
 
The sustainability indicator for Chronic Lowering of Groundwater Levels is evaluated by monitoring 
groundwater elevations.  The regulations require a network of monitoring wells sufficient to 
demonstrate groundwater occurrence, flow directions, and hydraulic gradients between principal 
aquifers and surface water features.  

The California Statewide CASGEM program provides groundwater elevation data in a format that is 
readily and widely available to the public and can be readily adopted into SGMA compliance programs.  
SVBGSA has adopted the Subbasin CASGEM program into its monitoring network for the Subbasin.  
However, there is only one CASGEM well in the vicinity of the MGSA Area, which is not sufficient to fulfill 
the requirements of the GSP regulations for monitoring under this GSP.  Therefore, groundwater 
elevation monitoring network of this GSP will include the existing and planned monitoring well clusters 
associated with the MPWSP to monitor the Dune Sand Aquifer, 180-Foot Aquifer and 400-Foot Aquifer, 
the existing USGS monitoring wells approximately ½ mile south of the MGSA Area to monitor the Deep 
Aquifer, and the remaining Deep Aquifer wells included in the MMRP monitoring program.  Monitoring 
of these wells will be conducted by MCWRA under the Integrated Coastal Groundwater Monitoring 
Program and Plan (Zidar and Feeney 2019).   

5.2.1 DESCRIPTION OF THE MONITORING APPROACH AND NETWORK 
Regulation Requirements: 
§354.34(g)(3) For each sustainability indicator, the quantitative values for the minimum threshold, measurable objective, and 

interim milestones that will be measured at each monitoring site or representative monitoring sites established pursuant 
to Section 354.36 

§354.34(h) The location and type of each monitoring site within the basin displayed on a map, and reported in tabular format, 
including information regarding the monitoring site type, frequency of measurement, and the purposes for which the 
monitoring site is being used. 
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Chronic Lowering of Groundwater Levels is related in various ways to each of the other sustainability 
indicators.  It has the potential to cause well interference, result in regionally greater pumping depths, 
reduce groundwater storage, result in additional seawater intrusion, degrade water quality, cause 
subsidence, and deplete interconnected surface waters.  Beneficial users of shallow groundwater such 
as groundwater-dependent ecosystems (GDEs) could also be adversely affected by groundwater 
elevation declines.   

In the vicinity of the MGSA Area, groundwater extraction from the seawater-intruded portions of the 
180-Foot Aquifer and 400-Foot Aquifer is generally limited.  As one of the management actions in 
SVBGSA’s GSP for the Subbasin (SVBGSA 2019), SVBGSA proposes to adopt an ordinance that would 
prohibit the construction and operation of water supply wells within the Castroville Seawater Intrusion 
Project (CSIP) service area east and northeast of the MGSA Area.  Nevertheless, small non-transient 
water systems reliant on groundwater are located near Neponset, near the Marina Airport and near the 
regional wastewater treatment plant located east of the MGSA Area (Section 3.1.8).  In addition, 
interference drawdown with existing wells is a potential impact in the vicinity of the MGSA Area that is 
identified in the MMRP for the proposed MPWSP.  Also, as discussed in Section 3.2.6.2, several GDEs 
that support protected habitat and species are located east of the MGSA Area, and similar features 
occur farther to the north and south.  Based on this information, undesirable results for the Chronic 
Lowering of Groundwater Levels sustainability indicator in the MGSA Area are defined based on 
significant and unreasonable well interference drawdown, and significant and unreasonable hydrological 
or biological impacts to GDEs.   

As described in Chapter 4, minimum thresholds and measurable objectives for the Chronic Lowering of 
Groundwater Levels sustainability indicator are defined for the principal aquifers as follows: 

• Dune Sand Aquifer – MGSA has established the minimum threshold and measurable objective 
in the Dune Sand Aquifer as 1 foot above the 2015 low groundwater levels recorded in 
monitoring wells in the groundwater elevation monitoring network near GDEs in the vicinity of 
the MGSA Area, based on potential significant and unreasonable impacts to GDEs.  The specific 
Minimum Thresholds and Measurable Objectives designated for each RMS are indicated on 
Table 4-1.  These values are adopted on an interim basis based on the rationale in Section 
4.4.2.1, and will be updated as discussed in Chapter 7 based on a baseline biological assessment 
of the GDEs to address a data gap in the understanding of GDE response and sensitivity to 
groundwater elevation declines.   

• 180-Foot and 400-Foot Aquifers – MGSA has established the minimum threshold at 1 foot 
above historical low groundwater elevations measured in 2015, adjusted for local hydrogeologic 
conditions and corresponding measurable objectives for SVBGSA RMS near the area as 
discussed in Section 4.4.2 and summarized in Table 4-1.  Measurable objectives are also 
summarized in Table 4-1, and were established to provide sufficient operational flexibility under 



CHAPTER 5 – MONITORING NETWORK 
Groundwater Sustainability Plan 
for the City of Marina GSA Area of the 180/400 Foot Aquifer Subbasin January 2020 

 

5-8 

variable conditions consistent with the nearest SVBGSA RMS, and in several cases were similarly 
adjusted.   

• Deep Aquifer – Because groundwater is not currently extracted from the Deep Aquifer in the 
MGSA Area and future construction of new supply wells is currently prohibited, minimum 
thresholds and measurable objectives were not established for the Chronic Lowering of 
Groundwater Levels sustainability indicator in this aquifer.  The need to establish sustainable 
management criteria for the Deep Aquifer for the decline in groundwater levels sustainability 
indicator will be reassessed during future reviews and GSP updates. 

Tables 5-1 through 5-4 identify the monitoring wells included in the groundwater elevation monitoring 
network for each aquifer, provide summary information regarding these wells.  These tables include 
wells utilized to assess groundwater occurrence, flow directions and hydraulic gradients, as well as RMS 
designated in Chapter 4.  Boring logs and well completion diagrams are provided in Appendix 5-A.   

The MPWSP monitoring wells were installed to monitor the effects of pumping the test slant well.  The 
locations of the MPWSP monitoring wells are shown on Figure 5-2.  Each monitoring location from MW-
1 to MW-9 consists of a cluster of three wells (the MW-2 well cluster was not constructed).  The 
individual wells in each cluster were drilled to monitor responses in the Dune Sand Aquifer (shallow 
well, e.g. MW-1S), 180‐Foot Aquifer (moderate depth well, e.g. MW-1M), and 400‐Foot Aquifer (deep 
well, e.g. MW-1D).  Each of the MPWSP monitoring wells is equipped with a water level transducer that 
logs information at 5- to 15-minute intervals.  Three of the existing MPWSP well clusters (MW-1, MW-3, 
and MW-4) are located within the MGSA Area.  MCWRA is currently planning the installation of five new 
monitoring well clusters to provide additional coverage to monitor the hydrogeological effects of the 
MPWSP, if it is implemented (Zidar and Feeney 2019).  These proposed well cluster locations have been 
preliminarily named MW-A through MW-E and are shown on Figure 5-2.  Once installed, the new 
monitoring well clusters would be added to the existing monitoring network for the purposes of this 
MGSA GSP. 

The USGS monitoring wells include two clusters of nested wells screened at differing intervals within the 
Deep Aquifer system.  Information regarding the nested USGS wells is presented on Table 5-4, and the 
location of the nested wells is shown on Figure 5-2.  The USGS wells are located approximately ½ mile 
south of the MGSA Area, and are equipped with pressure transducers and monitored quarterly by 
MCWRA.  MCWRA will conduct monitoring of seven other Deep Aquifer wells as part of the MMRP.  
Locations of these wells are shown on Figure 5-2, and well construction and monitoring information is 
presented in Table 5-4.  Although these other monitoring wells are not currently equipped with water 
level transducers, MCWRA plans to install transducers. 

The current CASGEM monitoring network proposed in the SBVGSA GSP consists of 23 wells with publicly 
available data within the 180/400 Foot Aquifer Subbasin.  As a voluntary program, MCWRA based the 
CASGEM network primarily on wells that were owned and monitored by MCWRA prior to initiation of 
the CASGEM program.  The MGSA GSP will consider information from these CASGEM wells to interpret 
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the regional setting for its local groundwater monitoring program; however, these wells will not be part 
of the monitoring network for this GSP.   

5.2.2 ADEQUACY OF THE MONITORING NETWORK  

 
Each MPWSP monitoring well cluster, both existing and planned for installation in the future, includes 
wells with generally similar depths and screen intervals completed in the Dune Sand Aquifer, the 180-
Foot Aquifer and the 400-Foot Aquifer.  Overall, with the planned additions, the MPWSP monitoring well 
network will include 40 monitoring wells within and adjacent to the MGSA Area (Tables 5-1 to 5-3 and 
Figure 5-2).  The existing and proposed monitoring well clusters are designed and distributed to assess 
the potential groundwater level effects of groundwater extraction within the MGSA Area.  The nearest 
existing Deep Aquifer monitoring wells are approximately ½ mile from the MGSA Area; however, no 
groundwater extraction from the Deep Aquifer using wells completed in the MGSA Area is anticipated.   

Specific considerations related to the adequacy and sufficiency of the MGSA GSP groundwater elevation 
monitoring network include the following: 

• Dune Sand Aquifer – The existing (and planned) MPWSP monitoring wells completed in the 
Dune Sand Aquifer and included in the MGSA GSP groundwater elevation monitoring network 
will provide relatively broad coverage to assess potential groundwater elevation declines 
associated with groundwater extraction in the MGSA Area, potential reduction of groundwater 
storage in the low total dissolved solids (TDS) zone in the DSA, changes in the low-TDS zone 
gradients and thickness that could portend advancing seawater intrusion, potential depletion 
of interconnected surface water, and potential adverse effects on beneficial groundwater users 
including GDEs.   

• 180-Foot Aquifer – The existing (and planned) MPWSP monitoring wells completed in the 180-
Foot Aquifer and included in the MGSA GSP groundwater elevation monitoring network 
provide relatively broad coverage to assess potential groundwater level decline, interference 
drawdown effects to existing supply wells and net gradient changes.  However, the length of 
the screened intervals of these wells (average 110 feet for existing wells) precludes assessment 
of gradient changes between the upper and lower 180-Foot Aquifer or thinning of the low TDS 
zone within this aquifer.  MCWD will review the general adequacy of the monitoring well 
networks in the area to support the GSP being developed for the Monterey Subbasin.  MGSA 
will review the outcome of this analysis and any additional studies, and the monitoring 
program of this GSP may be refined if needed to facilitate inter-basin coordination of 
groundwater monitoring programs.    

Regulation Requirements: 
§354.34(d) The monitoring network shall be designed to ensure adequate coverage of sustainability indicators. If 

management areas are established, the quantity and density of monitoring sites in those areas shall be sufficient to 
evaluate conditions of the basin setting and sustainable management criteria specific to that area. 

§354.34(e) A Plan may utilize site information and monitoring data from existing sources as part of the monitoring network.  
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• 400-Foot Aquifer – The existing (and planned) MPWSP monitoring wells completed in the 400-
Foot Aquifer and included in the MGSA GSP groundwater elevation monitoring network 
provide broad coverage to assess potential groundwater level decline, interference drawdown 
effects to existing supply wells, and gradient changes.  Coverage is limited to the upper portion 
of the 400-Foot Aquifer.   

• Deep Aquifer – The six existing nested USGS monitoring wells completed in the Deep Aquifer, 
and an additional eight supply wells included in the MGSA GSP groundwater elevation 
monitoring network cover a considerable area surrounding the MGSA Area; however, the Deep 
Aquifer is a complex system that is 1,300 feet thick.  As such, these wells provide an indication 
of groundwater elevation trends, but may not be sufficient to assess gradients.  MGSA will 
cooperate with planned efforts by MCWRA, SVBGSA and MCWD GSA to further investigate and 
monitor the Deep Aquifer during GSP implementation.    

5.2.3 DENSITY OF MONITORING SITES AND FREQUENCY OF MEASUREMENTS  
Regulation Requirements: 
§354.34(f) The Agency shall determine the density of monitoring sites and frequency of measurements required to 

demonstrate short-term, seasonal, and long-term trends based upon the following factors: 
    1) Amount of current and projected groundwater use. 
    2) Aquifer characteristics, including confined or unconfined aquifer conditions, or other physical characteristics that affect 

groundwater flow. 
    3) Impacts to beneficial uses and users of groundwater and land uses and property interests affected by groundwater 

production, and adjacent basins that could affect the ability of that basin to meet the sustainability goal. 
    4) Whether the Agency has adequate long-term existing monitoring results or other technical information to demonstrate 

an understanding of aquifer response. 
 
Based on DWR’s SGMA regulations and the Best Management Practices (BMPs) published by DWR on 
monitoring networks (DWR 2016d), a visual analysis of the proposed MGSA GSP monitoring network 
was performed using professional judgment to evaluate whether there are data gaps in the 
groundwater elevation monitoring network in terms of density and frequency of measurements.  While 
there is no definitive requirement on monitoring well density, DWR’s BMPs cite several studies (Heath 
1976, Sophocleous 1983, Hopkins 1994) that recommend 0.2 to 10 wells per 100 square miles for basin-
wide groundwater management programs.  The BMPs note that professional judgment should be used 
to design the monitoring network to account for high-pumping areas, proposed projects, and other 
subbasin specific factors. 

The MGSA Area encompasses approximately 372 acres and is proposed as the location for the extraction 
of 17,400 acre-feet/year (AFY) of groundwater from slant wells screened in the Dune Sand Aquifer and 
180-Foot Aquifer stratigraphic intervals for the MPWSP (HWG 2017).  This proposed high rate of 
groundwater extraction at a single site is unique in the area, and assessing potential undesirable results 
associated with this extraction rate requires a relatively denser monitoring network and monitoring 
frequency than for the general regional groundwater management applications contemplated in DWR’s 
BMPs.  As described in previous subsections, the monitoring well network adopted for the MGSA GSP, if 
all wells are installed as proposed, will ultimately consist of up to 13 monitoring wells in each of the 
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Dune Sand Aquifer, the 180-Foot Aquifer and the 400-Foot Aquifer.  These wells are (or will be) 
equipped with pressure transducers and will be monitored at least quarterly.  The frequency and density 
of measurements is adequate for assessing potential effects that could lead to undesirable results in this 
setting; however, as discussed previously, the vertical distribution of monitoring points in the 180-Foot 
Aquifer is limited.   

The six USGS monitoring wells and the other eight wells used to monitor the Deep Aquifer also are (or 
will be) equipped with pressure transducers and are monitored quarterly, which is an adequate 
monitoring frequency.  These wells provide relatively good coverage around the MGSA Area; however, 
because of the thickness and complexity of the Deep Aquifer they may be insufficient to assess lateral 
gradients.  Regionally, the monitoring well density in the Deep Aquifer has been identified by SVBGSA 
and MCWRA as being insufficient to assess conditions in this aquifer system (SVBGSA 2019, MCWRA 
2017a).  MCWRA, SVBGSA and MCWD GSA are discussing plans to investigate the Deep Aquifer system 
in the Salinas Valley.  It is anticipated that the investigation results will provide information regarding 
the nature and hydraulic properties of the Deep Aquifer.  Specifically, the groundwater flow patterns in 
the Deep Aquifer, the interconnection between the disparate aquifer units in this system, how they are 
recharged, and the extent of potential leakance from the overlying upper aquifer system is expected to 
be addressed.  No specific scope or schedule has been proposed at this time.  MGSA will provide 
comments on the scope and results of this study and incorporate the results into a future update of the 
MGSA GSP.   

5.2.4 ADDITIONAL MONITORING NETWORK INFORMATION  
5.2.4.1 SCIENTIFIC RATIONALE FOR SITE SELECTION  

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(1) Scientific rationale for the monitoring site selection process. 

 
The MPWSP monitoring wells, both existing and planned for installation in the future, are adopted as 
the MGSA GSP groundwater elevation monitoring network because the wells are specifically designed 
and completed to monitor the effects of groundwater withdrawals associated with the MPWSP in the 
Dune Sand Aquifer, the 180-Foot Aquifer, and the 400-Foot Aquifer.  The proposed additional well 
locations were designated by MCWRA under the MMRP for that project to address data gaps (CPUC 
2018, MCWRA 2019e).  Monitoring of the Deep Aquifer will be accomplished using wells constructed by 
USGS to investigate and characterize the Deep Aquifer at multiple depth intervals, and augmented with 
other available wells monitored by MCWRA.  

The CASGEM network consists of much more widely distributed wells that are of limited use for 
managing groundwater in the MGSA Area but provide an informative regional context.  For this reason, 
the CASGEM well information will be used only as necessary to augment data from the MPWSP and 
USGS wells.  Information from other wells in the MCWRA network monitored as part of the MMRP will 
be used to interpret the regional setting for MGSA’s local groundwater monitoring program. 
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5.2.4.2 CONSISTENCY WITH DATA AND REPORTING STANDARDS  

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(2) Consistency with data and reporting standards described in Section 352.4.  If a site is not consistent with those standards, 

the Plan shall explain the necessity of the site to the monitoring network, and how any variation from the standards will 
not affect the usefulness of the results obtained. 

 
SGMA requires certain data and reporting standards for groundwater monitoring wells that are used for 
GSP purposes.  Relevant standards include the following: 

• Field measurements of elevations of groundwater and land surface shall be measured and 
reported in feet to an accuracy of at least 0.1 feet relative to NAVD88; 

• Geographic locations shall be reported in latitude and longitude coordinates in decimal degrees 
to five decimal places, to a minimum accuracy of 30 feet relative to NAD83; 

• A description of well use, such as public supply, irrigation, monitoring, etc.; 

• Casing perforations, borehole depth, and total well depth; 

• Well completion reports, if available, from which the names of private owners have been 
redacted; 

• Geophysical logs, well construction diagrams, or other relevant information if available; 

• Identification of principal aquifers monitored; and 

• Other relevant well construction information, such as well capacity, casing diameter, or casing 
modifications, as available. 

The MPWSP and USGS wells that comprise the monitoring network for the MGSA GSP meet all of these 
relevant reporting standards as shown in Tables 5-1 through 5-4 and Appendix 5.A.   

5.2.5 MONITORING PROTOCOLS  
Regulation Requirements: 
§352.2 Each Plan shall include monitoring protocols adopted by the Agency for data collection and management, as follows: 

 (a) Monitoring protocols shall be developed according to best management practices. 
 (b) The Agency may rely on monitoring protocols included as part of the best management practices developed by the 
Department, or may adopt similar monitoring protocols that will yield comparable data. 
 (c) Monitoring protocols shall be reviewed at least every five years as part of the periodic evaluation of the Plan, and 
modified as necessary.  

§354.34(i) The monitoring protocols developed by each Agency shall include a description of technical standards, data 
collection methods, and other procedures or protocols pursuant to Water Code Section 10727.2(f) for monitoring sites 
or other data collection facilities to ensure that the monitoring network utilizes comparable data and methodologies.  

 
Chapter 4 of the MCWRA CASGEM monitoring plan (MWCRA 2015) includes a description of the 
monitoring procedures employed by that agency.  These CASGEM groundwater elevation monitoring 
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protocols will be utilized by MCWRA to implement their monitoring program.  The monitoring protocols 
are included in Appendix 5.B.  Groundwater elevation data are currently collected both by hand and 
using automated pressure transducers.  The monitoring protocols established by MCWRA cover multiple 
monitoring methods for collection of data by hand and by automated pressure transducers.  Data 
collected by MCWRA are anticipated to be provided to MGSA for this GSP. 

5.2.6 USE OF GROUNDWATER ELEVATIONS AS PROXY FOR OTHER SUSTAINABILITY INDICATORS  
Regulation Requirements: 
§354.36(b) Groundwater elevations may be used as a proxy for monitoring other sustainability indicators if the Agency 
demonstrates the following: 
    1) Significant correlation exists between groundwater elevations and the sustainability indicators for which groundwater 

elevation measurements serve as a proxy. 
    2) Measurable objectives established for groundwater elevation shall include a reasonable margin of operational flexibility 

taking into consideration the basin setting to avoid undesirable results for the sustainability indicators for which 
groundwater elevation measurements serve as a proxy.  

§354.36(c) The designation of a representative monitoring site shall be supported by adequate evidence demonstrating that 
the site reflects general conditions in the area. 

 
MGSA will use groundwater elevations as a proxy to monitor for the Land Subsidence and Depletion of 
Interconnected Surface Water sustainability indicators.  As discussed in Section 4.8.2, the risk of land 
subsidence results from lowered groundwater elevations, specifically when groundwater elevations 
decrease to levels below the lowest historical water elevations, which leads to the depressurization and 
consolidation of fine-grained sediments.  When groundwater elevations fluctuate within the range of 
historical conditions, the alluvial layers are not subject to effective stress greater than historical 
conditions and therefore are generally not at significant risk of subsidence.   

As discussed in Section 4.9.2, groundwater elevations in the Dune Sand Aquifer will be used to monitor 
potential effects to interconnected surface waters (ISW) and GDEs.  Change in the potential relationship 
between groundwater and ISW is directly proportional to the induced gradient changes resulting from 
groundwater drawdown in shallow aquifers.  Similarly, the interaction between groundwater elevations 
and GDEs is strongly correlated when the GDEs include wetlands, or when groundwater-dependent 
vegetation cannot adequately adapt to changing groundwater elevations.  
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5.2.7 DATA GAPS 
Regulation Requirements:  
§354.38(b) Each Agency shall identify data gaps wherever the basin does not contain a sufficient number of monitoring sites, 

does not monitor sites at a sufficient frequency, or utilizes monitoring sites that are unreliable, including those that do 
not satisfy minimum standards of the monitoring network adopted by the Agency.  

(c) If the monitoring network contains data gaps, the Plan shall include a description of the following: 
    1) The location and reason for data gaps in the monitoring network. 
    2) Local issues and circumstances that limit or prevent monitoring. 
(d) Each Agency shall describe steps that will be taken to fill data gaps before the next five-year assessment, including the 

location and purpose of newly added or installed monitoring sites.  
(e) Each Agency shall adjust the monitoring frequency and density of monitoring sites to provide an adequate level of detail 

about site-specific surface water and groundwater conditions and to assess the effectiveness of management actions 
under circumstances that include the following: 

    1) Minimum threshold exceedances. 
    2) Highly variable spatial or temporal conditions 
    3) Adverse impacts to beneficial uses and users of groundwater. 
    4) The potential to adversely affect the ability of an adjacent basin to implement its Plan or impede achievement of 

sustainability goals in an adjacent basin. 
 
The potential data gaps identified for the MGSA GSP groundwater elevation monitoring network are as 
follows: 

• Groundwater elevation and quality data in the MGSA Area – The available data to characterize 
groundwater elevations and groundwater quality in the MGSA Area and vicinity are both 
spatially and temporally limited.  Such data are needed to characterize groundwater flow 
patterns in the Dune Sand Aquifer, the 180-Foot Aquifer and the 400-Foot Aquifer and assess 
recent trends in seawater intrusion.  The installation of monitoring well clusters at five 
additional locations by MCWRA as proposed (and as revised if necessary) will address this data 
gap spatially.  Temporally, the limited duration of the temporal data set will be addressed as 
additional data are gathered over time. 

• Interconnection between the Salinas River and the Dune Sand Aquifer and 180-Foot Aquifer – 
Limited data are available to assess the degree to which the Salinas River is connected to the 
underlying groundwater systems (Dune Sand Aquifer and 180-Foot Aquifer).  This data gap will 
be addressed in collaboration with SVBGSA’s efforts to assess surface-groundwater interaction 
along the river regionally through monitoring and use of the Salinas Valley Integrated Hydrologic 
Model (SVIHM).  Locally, MGSA will evaluate potential interconnection between the Dune Sand 
Aquifer and the 180-Foot Aquifer and the Salinas River by examining river stage measurements 
and the groundwater elevations in the MW-6 and MW-9 well clusters. 

• Deep Aquifer system – Deep Aquifer monitoring wells near the MGSA area are present at 10 
locations, with multiple-depth completions at two locations.  Although this network provides 
relatively well dispersed coverage laterally near the MGSA Area, the Deep Aquifer is relatively 
thick (1,300 feet) and the existing monitoring well network may be inadequate to reliably assess 
groundwater gradients.  Groundwater extraction from the Deep Aquifer occurs outside the 
MGSA Area within the portions of the Subbasin managed by MCWD GSA and SVBGSA.  These 
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agencies will play the primary role in investigating and monitoring the Deep Aquifer in this area, 
and MGSA will cooperate with and support their actions, including expansion of the monitoring 
well network, to incorporate new wells, if appropriate. 

• Depth discrete groundwater data – Certain wells in the 180-Foot Aquifer and 400-Foot Aquifer 
were constructed with very long screened intervals (e.g., over 100 feet in many cases), which 
introduces uncertainty with respect to the specific aquifer horizon monitored by the well, and 
the interpretation of local groundwater gradients.  This data gap will be addressed as necessary 
during implementation of the GSP, in collaboration with MCWD GSA.  The need to address this 
data gap may depend on whether the monitoring data indicate that the triggers for the 
management actions described in Chapter 6 are being exceeded, and whether more vertically 
discrete data are needed for the implementation and monitoring of those management actions.   

5.3 REDUCTION IN GROUNDWATER STORAGE  
Regulation Requirements: 
§354.34(c) Each monitoring network shall be designed to accomplish the following for each sustainability indicator:  
(2) Reduction of Groundwater Storage. Provide an estimate of the change in annual groundwater in storage.  

 
Regionally, reduction in storage in the Subbasin’s aquifers has historically occurred and is ongoing due to 
groundwater production for agricultural, municipal, and domestic use that exceeds the long-term 
sustainable yield of the Subbasin and the absence of viable alternative sources of water supply.  As 
described in Chapter 3, a large groundwater depression has developed north of Salinas and is apparent 
on both the 180-Foot/Shallow East Side Aquifers and 400-Foot/Deep East Side Aquifer maps, where 
elevations are generally -80 to -120 feet msl, and has led to other undesirable results.  As a result, less 
groundwater in storage is available as a buffer against surface water supply shortfalls without causing 
undesirable results, most notably seawater intrusion.  The sustainability indicator for Reduction in 
Groundwater Storage is evaluated by monitoring groundwater elevations, performing induction logging  
and collecting extraction data from groundwater users within the Subbasin on an annual basis.  The 
regulations require a network of monitoring wells sufficient to provide an estimate of the change in 
annual groundwater in storage.  

5.3.1 DESCRIPTION OF THE MONITORING APPROACH AND NETWORK 
Regulation Requirements: 
§354.34(g)(3) For each sustainability indicator, the quantitative values for the minimum threshold, measurable objective, 

and interim milestones that will be measured at each monitoring site or representative monitoring sites established 
pursuant to Section 354.36 

§354.34(h) The location and type of each monitoring site within the basin displayed on a map, and reported in tabular 
format, including information regarding the monitoring site type, frequency of measurement, and the purposes for 
which the monitoring site is being used. 

 
Because the local tools to further assess the MGSA Area component of the Subbasin-wide sustainable 
yield are not yet available, this GSP adopts SVBGSA’s basin-wide sustainable yield estimate of 112,000 
AFY as a minimum threshold, supplemented locally with the following interim minimum threshold 
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related to the low-TDS groundwater zone near the MGSA Area in order to prevent undesirable results 
from groundwater extraction in the MGSA Area: 

• A decrease in the amount of low-TDS groundwater in storage in the Dune Sand, 180-Foot and 
400-Foot Aquifers as measured by induction logging. 

The regional minimum threshold applies to pumping of natural recharge only.  Pumping of intentionally 
recharged water that is not part of the natural recharge is not considered when compared against the 
minimum threshold.  SVBGSA’s calculations account for current land use, future urban growth, and 
anticipated reasonable climate change.  Seawater intrusion (i.e., seawater inflow volume) is not 
considered part of the sustainable yield.  SVBGSA states the sustainable yield is an estimate only and will 
be updated as additional studies are undertaken and data are compiled (e.g., to address identified data 
gaps when the SVHM becomes available).  The local interim minimum threshold is adopted to prevent 
significant and unreasonable impacts to GDEs, seawater intrusion, groundwater quality degradation, 
and potential harm to overlying groundwater right holders, while the data gaps regarding the 
sustainable yield are addressed as discussed in Chapters 6 and 7, and until a local sustainable yield 
volume can be determined.  It is based on assessment of the amount of low-TDS groundwater in 
storage, which has been determined to be related to these other sustainability indicators.   

The existing (and planned) MPWSP monitoring wells will serve as the MGSA GSP groundwater storage 
monitoring network.  Well information is provided on Tables 5-1 through 5-3, the boring logs and well 
completion diagrams are provided in Appendix 5.A, and the locations of the MPWSP monitoring wells 
are shown on Figure 5-2.  Groundwater extraction data for the MGSA Area will be obtained from 
pumpers and compiled.  MGSA will prepare annual estimates of the changes in low-TDS groundwater in 
storage near the MGSA.  This estimate will be conducted based on annual induction logging conducted 
by MCWRA, and will be used to assess changes in the amount of low-TDS water in storage in the aquifer 
system.  Finally, MGSA will estimate of the amount of low-TDS groundwater withdrawn annually from 
the aquifer system based on pumping and water quality data provided by pumpers within the MGSA 
Area.  The estimates will be made using volume and mass balance calculations, and supported by 
modeling and assessment of water quality data as necessary.  Data will be provided to SVBGSA for 
consideration in their annual assessment of groundwater storage reduction. 

5.3.2 ADEQUACY OF MONITORING NETWORK, DENSITY OF MONITORING SITES, AND FREQUENCY 
OF MEASUREMENTS 

Regulation Requirements: 
§354.34(d) The monitoring network shall be designed to ensure adequate coverage of sustainability indicators. If 

management areas are established, the quantity and density of monitoring sites in those areas shall be sufficient to 
evaluate conditions of the basin setting and sustainable management criteria specific to that area. 

§354.34(e) A Plan may utilize site information and monitoring data from existing sources as part of the monitoring network 
§354.34(f) The Agency shall determine the density of monitoring sites and frequency of measurements required to 

demonstrate short-term, seasonal, and long-term trends based upon the following factors: 
    1) Amount of current and projected groundwater use. 
    2) Aquifer characteristics, including confined or unconfined aquifer conditions, or other physical characteristics that affect 

groundwater flow. 
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The adequacy of the groundwater elevation monitoring network is discussed in Section 5.2.2.  
Groundwater extraction within the MGSA Area will be metered and reported by extractors, and 
groundwater extraction from wells in the adjacent areas is reported to and complied by MCWRA.  These 
components together result in an adequate monitoring network for the purpose of assessing potential 
groundwater storage changes.  The density and frequency of groundwater elevation measurements in 
the MPWSP wells is discussed in Section 5.2.3.  Groundwater extraction data is compiled annually, which 
is adequate to allow interpretation of the nature and cause of potential volume changes.   

Procedures and examples of the use of induction logging to assess salinity contrast distributions and 
changes are provided by Zidar and Feeney (2019) and are included as Appendix 5.D.  Induction logging 
will be conducted annually at each of the nested MPWSP monitoring well locations.  Vertical contrasts 
from borehole geophysical logs can typically be identified to a resolution of approximately 5 feet.  The 
inherent uncertainty in the storage change estimates will be assessed and discussed; the certainty of 
estimates may range from order of magnitude to more refined volume estimates.  

5.3.3 ADDITIONAL MONITORING NETWORK INFORMATION  
5.3.3.1 SCIENTIFIC RATIONALE FOR SITE SELECTION  

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(1) Scientific rationale for the monitoring site selection process. 

 
The scientific rationale for the selection of sites for the groundwater storage monitoring network is the 
same as for the groundwater elevation monitoring network discussed in Section 5.2.4.1.  Induction 
logging will be used to assess the vertical distribution of groundwater of varying salinity at each well 
cluster.  Induction logging is a geophysical method analogous to AEM that is often used to assess salinity 
distribution and changes in wells.  Induction logging each nested MPWSP well site will provide a vertical 
profile of salinity distribution in the upper aquifer system  to the approximate maximum depth of the 
low-TDS zone across the MGSA Area and eastward, at a lateral spacing that is suitable for assessment of 
the approximate change of low-TDS water in storage.   

5.3.3.2 CONSISTENCY WITH DATA AND REPORTING STANDARDS  

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(2) Consistency with data and reporting standards described in Section 352.4.  If a site is not consistent with those standards, 

the Plan shall explain the necessity of the site to the monitoring network, and how any variation from the standards will 
not affect the usefulness of the results obtained. 

 
As discussed in Section 5.2.4.2, the data associated with the MGSA GSP monitoring network are 
consistent with the reporting standards required by SGMA.  Reductions in low-TDS groundwater storage 

    3) Impacts to beneficial uses and users of groundwater and land uses and property interests affected by groundwater 
production, and adjacent basins that could affect the ability of that basin to meet the sustainability goal. 

    4) Whether the Agency has adequate long-term existing monitoring results or other technical information to demonstrate 
an understanding of aquifer response. 
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will be estimated based on the calculated changes in storage volumes in acre-feet of groundwater and 
pumping volumes will be reported in acre-feet per year.  . 

5.3.4 MONITORING PROTOCOLS  
Regulation Requirements: 
§352.2 Each Plan shall include monitoring protocols adopted by the Agency for data collection and management, as follows: 

 (a) Monitoring protocols shall be developed according to best management practices. 
 (b) The Agency may rely on monitoring protocols included as part of the best management practices developed by the 
Department, or may adopt similar monitoring protocols that will yield comparable data. 
 (c) Monitoring protocols shall be reviewed at least every five years as part of the periodic evaluation of the Plan, and 
modified as necessary.  

§354.34(i) The monitoring protocols developed by each Agency shall include a description of technical standards, data 
collection methods, and other procedures or protocols pursuant to Water Code Section 10727.2(f) for monitoring sites 
or other data collection facilities to ensure that the monitoring network utilizes comparable data and methodologies.  

 
Chapter 4 of the MCWRA CASGEM monitoring plan (MWCRA 2015) includes a description of the 
monitoring procedures employed by that agency.  These CASGEM groundwater elevation monitoring 
protocols will be utilized by MCWRA to implement their monitoring program.  The monitoring protocols 
are included in Appendix 5.B.  Procedures and examples of the use of induction logging to assess salinity 
contrast distributions and changes are provided by Zidar and Feeney (2019) and are included as 
Appendix 5.D.   

MGSA will coordinate with SVBGSA and MCWRA to acquire information regarding groundwater 
withdrawals that are relevant to the MGSA Area.  Pumping volume and water quality data for 
groundwater extraction within the MGSA Area will be obtained directly from the extractors and from 
MCWRA.  SVBGSA has stated that it will download data directly from the State’s Drinking Water 
Information Clearinghouse website (“Drinking Water Information Clearinghouse”) regarding municipal 
groundwater users and small water systems.  No other protocols are required.  For agricultural 
groundwater users, SVBGSA will work with MCWRA to develop a protocol for sharing data that is 
currently reported under County Ordinance 3717.   

5.3.5 USE OF GROUNDWATER ELEVATIONS AS PROXY FOR OTHER SUSTAINABILITY INDICATORS  
Regulation Requirements: 
§354.36(b) Groundwater elevations may be used as a proxy for monitoring other sustainability indicators if the Agency 
demonstrates the following: 
    1) Significant correlation exists between groundwater elevations and the sustainability indicators for which groundwater 

elevation measurements serve as a proxy. 
    2) Measurable objectives established for groundwater elevation shall include a reasonable margin of operational flexibility 

taking into consideration the basin setting to avoid undesirable results for the sustainability indicators for which 
groundwater elevation measurements serve as a proxy.  

§354.36(c) The designation of a representative monitoring site shall be supported by adequate evidence demonstrating that 
the site reflects general conditions in the area. 

 
As discussed in Section 5.3.1, groundwater elevations will be used in combination with induction logging 
and extraction volumes to estimate changes in the volume of low-TDS groundwater in storage as an 
interim proxy for sustainable yield volume estimates.  The relationship between the amount of low-TDS 
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groundwater in storage and potential local undesirable results related to chronic decline in groundwater 
levels (significant and unreasonable impacts to GDEs), seawater intrusion and water quality degradation 
is discussed in Section 3.5.1.    

5.3.6 DATA GAPS  
Regulation Requirements: 
§354.38(b) Each Agency shall identify data gaps wherever the basin does not contain a sufficient number of monitoring sites, 

does not monitor sites at a sufficient frequency, or utilizes monitoring sites that are unreliable, including those that do 
not satisfy minimum standards of the monitoring network adopted by the Agency. 

 §354.38(c) If the monitoring network contains data gaps, the Plan shall include a description of the following: 
    1) The location and reason for data gaps in the monitoring network. 
    2) Local issues and circumstances that limit or prevent monitoring. 
§354.38 (d) Each Agency shall describe steps that will be taken to fill data gaps before the next five-year assessment, 

including the location and purpose of newly added or installed monitoring sites. 
§354.38(e) Each Agency shall adjust the monitoring frequency and density of monitoring sites to provide an adequate level 

of detail about site-specific surface water and groundwater conditions and to assess the effectiveness of management 
actions under circumstances that include the following: 

    1) Minimum threshold exceedances. 
    2) Highly variable spatial or temporal conditions 
    3) Adverse impacts to beneficial uses and users of groundwater. 
    4) The potential to adversely affect the ability of an adjacent basin to implement its Plan or impede achievement of 

sustainability goals in an adjacent basin. 
 
The following data gaps associated with the monitoring network in the vicinity of the MGSA Area are 
relevant to this sustainability indicator: 

• Sustainable yield – SVBGSA indicates that its Subbasin-wide minimum threshold and sustainable 
yield volume of 112,000 AFY is an estimate and subject to refinement and update after the 
SVIHM becomes available.  Similarly, the modeling tools needed to assess the local sustainable 
yield in the MGSA Area are expected to become available during the early phases of GSP 
implementation and will be used to address data gaps in the local and regional sustainable yield 
estimates as discussed in Chapters 6 and 7.  

• Groundwater extraction data – The CEMEX well is currently the only extraction well in the 
MGSA Area of the Subbasin.  MGSA will coordinate with SVBGSA and MCWD GSA to determine 
the local contribution to the sustainable yield from groundwater extraction in the MGSA Area, 
which is the amount of groundwater that can be withdrawn annually over a period of time 
without causing undesirable results within or near the MGSA Area.  

• Groundwater elevation and quality data in the MGSA Area – The available data to characterize 
groundwater elevations in the MGSA Area and vicinity are both spatially and temporally limited.  
Such data are needed to characterize groundwater flow patterns in the Dune Sand Aquifer, the 
180-Foot Aquifer and the 400-Foot Aquifer and assess recent trends in seawater intrusion.  The 
installation of monitoring well clusters at five additional locations by MCWRA as proposed (and 
as revised if necessary) will address this data gap spatially.  Temporally, the limited duration of 
the temporal data set will be addressed as additional data are gathered over time. 
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• Depth discrete groundwater data – Certain wells in the 180-Foot Aquifer and 400-Foot Aquifer 
were constructed with very long screened intervals (e.g., over 100 feet in many cases), which 
introduces uncertainty with respect to the specific aquifer horizon monitored by the well, and 
the interpretation of local groundwater gradients.  This data gap will be addressed as necessary 
during implementation of the GSP, in collaboration with MCWD GSA.  The need to address this 
data gap may depend on whether the monitoring data indicate that the triggers for the 
management actions described in Chapter 6 are being exceeded, and whether more vertically 
discrete data are needed for the implementation and monitoring of those management actions.   

5.4 SEAWATER INTRUSION  
Regulation Requirements: 
§354.34(c) Each monitoring network shall be designed to accomplish the following for each sustainability indicator:  
(3) Seawater Intrusion. Monitor seawater intrusion using chloride concentrations, or other measurements convertible to 

chloride concentrations, so that the current and projected rate and extent of seawater intrusion for each applicable 
principal aquifer may be calculated. 

 
Seawater intrusion will be evaluated using the MPWSP monitoring well network to collect a combination 
of groundwater quality and induction logging data to interpolate chloride isocontours and provide 
additional data regarding the nearshore processes that drive seawater intrusion regionally, including 
density-driven flow and preferential pathways for vertical migration.   

5.4.1 DESCRIPTION OF THE MONITORING APPROACH AND NETWORK  
Regulation Requirements: 
§354.34(g)(3) For each sustainability indicator, the quantitative values for the minimum threshold, measurable objective, 

and interim milestones that will be measured at each monitoring site or representative monitoring sites established 
pursuant to Section 354.36 

§354.34(h) The location and type of each monitoring site within the basin displayed on a map, and reported in tabular 
format, including information regarding the monitoring site type, frequency of measurement, and the purposes for 
which the monitoring site is being used. 

 
MGSA established the following minimum thresholds for significant and unreasonable seawater 
intrusion in this GSP: 

• Dune Sand Aquifer.  In compliance with SWRCB Resolution Nos. 88-63 and 68-16, this GSP 
defines the minimum threshold for significant and unreasonable seawater intrusion into the 
Dune Sand Aquifer as migration of the 1,700 mg/L chloride isocontour (equivalent to 3,000 mg/L 
TDS) beyond the location determined by Gottschalk et al. (2018) (Figure 4-2).  

• 180-Foot and 400-Foot Aquifers.  This GSP adopts the SVBGSA minimum threshold of significant 
unreasonable seawater intrusion beyond the position of the 500 mg/L chloride concentration 
isocontour interpolated by MCWRA in 2017 (Figure 4-2).  
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• Deep Aquifer.  In compliance with SWRCB Resolution No. 68-16, this GSP defines significant and 
unreasonable seawater intrusion into the Deep Aquifer as migration of a 500 mg/L chloride 
isocontour into the Deep Aquifer landward of the western Subbasin boundary.  

The following measurable objectives are established for Seawater Intrusion: 

• Dune Sand Aquifer.  The measurable objectives are established to equal the minimum threshold 
of maintaining the 1,700 mg/L chloride isocontour at its current location.  The interim 
milestones are identical to the measurable objective. 

• 180-Foot and 400-Foot Aquifers.  MGSA will collaborate with SVBGSA and support the 
measurable objective and interim milestones in the SVBGSA’s GSP of moving the 500 mg/L 
chloride isocontour westward to Highway 1 by 2020.    

• Deep Aquifer.  The measurable objective for the Deep Aquifer will be to prevent significant and 
unreasonable seawater intrusion and maintain the location of the 500 mg/L chloride isocontour 
outside the seaward Subbasin Boundary.  The interim milestones are identical to the 
measurable objective.  

The following data are needed to assess compliance with the minimum thresholds: 

• Groundwater quality data for chloride at various depths and locations over time form the 
primary basis for interpolation of chloride concentration isocontour maps to assess compliance 
related to this sustainability indicator.    

To provide additional data regarding the nearshore processes that drive seawater intrusion regionally, 
including density-driven flow and preferential pathways for vertical migration, the following data will be 
collected:   

• Groundwater elevation data are necessary to understand the lateral and vertical gradients that 
may drive seawater intrusion, and to assess gradients and drawdown in the area affected by 
pumping within the MGSA Area; and  

• Induction logging data from each monitoring well location will be used as an additional data 
source to assess the lateral and vertical distribution of low-TDS and more highly saline 
groundwater. 

As described in Section 5.2.1, the existing (and planned) MPWSP monitoring wells are included in the 
MGSA GSP seawater intrusion monitoring network.  Well information is provided on Tables 5-1 through 
5-4, the boring logs and well completion diagrams are provided in Appendix 5.A, and the locations of the 
MPWSP monitoring wells are shown on Figure 5-2.   
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5.4.2 ADEQUACY OF MONITORING NETWORK, DENSITY OF MONITORING SITES, AND FREQUENCY 
OF MEASUREMENTS 

 
The adequacy of the groundwater elevation and quality monitoring network is discussed in Section 
5.2.2, and adequacy of the induction logging monitoring network is discussed in 5.3.2.  The density and 
frequency of groundwater elevation and groundwater quality measurements in the MPWSP wells is 
discussed in Section 5.2.3 and 5.3.3.  Given the spatial distribution of the low-TDS groundwater zone and 
the saline water intrusion wedge in the vicinity of the MGSA Area (Figures 3-21, 3-22 and 3-23) and the 
use of continuous induction logging at each well cluster, the locations and completion depths of the 
existing and proposed monitoring wells will provide a generally adequate monitoring network to assess 
the potential migration of the wedge both laterally and vertically.  The data gap related to long screen 
intervals will partly addressed through the use of induction logging, and the need for additional 
vertically-delineated monitoring zones will be evaluated in cooperation with MCWD GSA during GSP 
implementation.  The collection of quarterly or more frequent data meets or exceeds the standards 
normally applied for the assessment of seawater intrusion or solute plume migration.   

Monitoring data from the Deep Aquifer wells will provide an indication as to whether the Deep Aquifer 
system in this area is being affected by seawater intrusion; however, the existing monitoring well 
network in the Deep Aquifer system may be insufficient to interpret groundwater gradients.  In addition, 
the potential vertical leakance from overlying seawater intruded aquifers remains unknown.  These data 
gaps have been proposed to be addressed by SVBGSA, MCWRA and MCWD GSA.  The MGSA will 
cooperate with these investigative activities.   

5.4.3 ADDITIONAL MONITORING NETWORK INFORMATION  
5.4.3.1 SCIENTIFIC RATIONALE FOR SITE SELECTION  

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(1) Scientific rationale for the monitoring site selection process. 

 

Regulation Requirements: 
§354.34(d) The monitoring network shall be designed to ensure adequate coverage of sustainability indicators. If 

management areas are established, the quantity and density of monitoring sites in those areas shall be sufficient to 
evaluate conditions of the basin setting and sustainable management criteria specific to that area. 

§354.34(e) A Plan may utilize site information and monitoring data from existing sources as part of the monitoring network 
§354.34(f) The Agency shall determine the density of monitoring sites and frequency of measurements required to 

demonstrate short-term, seasonal, and long-term trends based upon the following factors: 
    1) Amount of current and projected groundwater use. 
    2) Aquifer characteristics, including confined or unconfined aquifer conditions, or other physical characteristics that affect 

groundwater flow. 
    3) Impacts to beneficial uses and users of groundwater and land uses and property interests affected by groundwater 

production, and adjacent basins that could affect the ability of that basin to meet the sustainability goal. 
    4) Whether the Agency has adequate long-term existing monitoring results or other technical information to demonstrate 

an understanding of aquifer response. 
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As discussed above, the existing and proposed monitoring well network and monitoring frequency 
provide an adequate basis for assessment of chloride isocontour migration and potential water quality 
and gradient changes that could be indicative of active seawater intrusion in the vicinity of the saline 
water intrusion wedge in this area.  The Deep Aquifer well location and completions were selected by 
USGS to optimally investigate the hydrostratigraphy of the Deep Aquifer at this location, and are 
supplemented by additional Deep Aquifer wells in MCWRA’s monitoring program.   

5.4.3.2 CONSISTENCY WITH DATA AND REPORTING STANDARDS  

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(2) Consistency with data and reporting standards described in Section 352.4.  If a site is not consistent with those standards, 

the Plan shall explain the necessity of the site to the monitoring network, and how any variation from the standards will 
not affect the usefulness of the results obtained. 

 
As discussed in Section 5.2.4.2, the data associated with the MGSA GSP groundwater elevation and 
quality monitoring network are consistent with the reporting standards required by SGMA.  Increases in 
seawater intrusion will be assessed by determining whether interpolated chloride isocontours, reported 
in mg/L for each of the principal aquifers, have moved.    

5.4.4 MONITORING PROTOCOLS  
Regulation Requirements: 
§352.2 Each Plan shall include monitoring protocols adopted by the Agency for data collection and management, as follows: 

 (a) Monitoring protocols shall be developed according to best management practices. 
 (b) The Agency may rely on monitoring protocols included as part of the best management practices developed by the 
Department, or may adopt similar monitoring protocols that will yield comparable data. 
 (c) Monitoring protocols shall be reviewed at least every five years as part of the periodic evaluation of the Plan, and 
modified as necessary.  

§354.34(i) The monitoring protocols developed by each Agency shall include a description of technical standards, data 
collection methods, and other procedures or protocols pursuant to Water Code Section 10727.2(f) for monitoring sites 
or other data collection facilities to ensure that the monitoring network utilizes comparable data and methodologies.  

 
MCWRA has established protocols for collecting groundwater quality data from monitoring wells and 
analyzing those data for seawater intrusion.  These protocols are also applied to collection of 
groundwater quality data from the MPWSP monitoring wells and the USGS Deep Aquifer wells.  The 
groundwater quality data monitoring protocols are available in the Monterey County Quality Assurance 
Project Plan (QAPP) and included in Appendix 5.B.  MCWRA also established chloride data contouring 
protocols to develop the isoconcentration contour map, provided in Appendix 5.C.  Data collected by 
MCWRA in accordance with these protocols is anticipated to be provided to MGSA for this GSP.  
Induction logging will be performed in accordance with the procedures presented in Zidar and Feeney 
(2019) and included in Appendix 5.D.   
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5.4.5 DATA GAPS  
Regulation Requirements: 
§354.38(b) Each Agency shall identify data gaps wherever the basin does not contain a sufficient number of monitoring sites, 

does not monitor sites at a sufficient frequency, or utilizes monitoring sites that are unreliable, including those that do 
not satisfy minimum standards of the monitoring network adopted by the Agency. 

§354.38(c) If the monitoring network contains data gaps, the Plan shall include a description of the following: 
    1) The location and reason for data gaps in the monitoring network. 
    2) Local issues and circumstances that limit or prevent monitoring. 
§354.38 (d) Each Agency shall describe steps that will be taken to fill data gaps before the next five-year assessment, 

including the location and purpose of newly added or installed monitoring sites. 
§354.38(e) Each Agency shall adjust the monitoring frequency and density of monitoring sites to provide an adequate level 

of detail about site-specific surface water and groundwater conditions and to assess the effectiveness of management 
actions under circumstances that include the following: 

    1) Minimum threshold exceedances. 
    2) Highly variable spatial or temporal conditions 
    3) Adverse impacts to beneficial uses and users of groundwater. 
    4) The potential to adversely affect the ability of an adjacent basin to implement its Plan or impede achievement of 

sustainability goals in an adjacent basin. 
 
The following potential data gaps identified for the MGSA GSP groundwater elevation monitoring 
network are applicable to the Seawater Intrusion sustainability indicator: 

• Groundwater elevation and quality data in the MGSA Area:  The available data to characterize 
groundwater elevations and groundwater quality in the MGSA Area and vicinity are both 
spatially and temporally limited.  Such data are needed to characterize groundwater flow 
patterns in the Dune Sand Aquifer, the 180-Foot Aquifer and the 400-Foot Aquifer and assess 
recent trends in seawater intrusion.  The installation of monitoring well clusters at five 
additional locations by MCWRA as proposed (and as revised if necessary) will address this data 
gap spatially.  Temporally, the limited duration of the temporal data set will be addressed as 
additional data are gathered over time. 

• Interconnection between the Salinas River and the Dune Sand Aquifer and 180-Foot Aquifer: 
Limited data are available to assess the degree to which the Salinas River is connected to the 
underlying groundwater systems (Dune Sand Aquifer and 180-Foot Aquifer).  The available data 
suggest that seawater intrusion may be occurring through the bed of the Salinas River near the 
river mouth (Section 3.2.6.1, Figure 3-22), where the river may be tidally influenced.  Decreased 
groundwater elevations in the Dune Sand Aquifer could result in additional seawater intrusion in 
this area.  This data gap will be addressed in collaboration with SVBGSA’s efforts to assess 
surface-groundwater interaction along the river regionally through monitoring and use of the 
SVIHM.  Locally, MGSA will evaluate potential interconnection between the Dune Sand Aquifer 
and the 180-Foot Aquifer and the Salinas River by examining river stage measurements and the 
groundwater elevations in the MW-6 and MW-9 well clusters. 

• Deep Aquifer system: The of Deep Aquifer monitoring wells may be insufficient to interpret 
groundwater gradients and may be insufficient to provide early warning of potential seawater 
intrusion.  Groundwater extraction from the Deep Aquifer occurs outside the MGSA Area within 
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the portions of the Subbasin managed by MCWD GSA and SVBGSA.  These agencies will play the 
primary role in investigating and monitoring the Deep Aquifer in this area, and MGSA will 
cooperate with and support their actions. 

• Depth discrete groundwater data – Certain wells in the 180-Foot Aquifer and 400-Foot Aquifer 
were constructed with very long screened intervals (e.g., over 100 feet in many cases), which 
introduces uncertainty with respect to the specific aquifer horizon monitored by the well, and 
the interpretation of local groundwater gradients.  This data gap will be addressed as necessary 
during implementation of the GSP, in collaboration with MCWD GSA.  The need to address this 
data gap may depend on whether the monitoring data indicate that the triggers for the 
management actions described in Chapter 6 are being exceeded, and whether more vertically 
discrete data are needed for the implementation and monitoring of those management actions.   

5.5 WATER QUALITY DEGRADATION 
Regulation Requirements: 
§354.34(c) Each monitoring network shall be designed to accomplish the following for each sustainability indicator:  
(4) Degraded Water Quality. Collect sufficient spatial and temporal data from each applicable principal aquifer to determine 

groundwater quality trends for water quality indicators, as determined by the Agency, to address known water quality 
issues. 

 
Groundwater quality degradation will be measured from the monitoring well network using 
groundwater quality monitoring, including groundwater sampling and analysis, the use of specific 
conductance sensors, and annual induction logging to assess the lateral and vertical distribution of TDS 
and chloride.   

5.5.1 DESCRIPTION OF THE MONITORING APPROACH AND NETWORK  
Regulation Requirements: 
§354.34(g)(3) For each sustainability indicator, the quantitative values for the minimum threshold, measurable objective, and 

interim milestones that will be measured at each monitoring site or representative monitoring sites established pursuant 
to Section 354.36 

§354.34(h) The location and type of each monitoring site within the basin displayed on a map, and reported in tabular format, 
including information regarding the monitoring site type, frequency of measurement, and the purposes for which the 
monitoring site is being used. 

 
The following minimum thresholds were established for the groundwater quality degradation 
sustainability indicator: 

• Significant and unreasonable degradation of water quality in the low-TDS groundwater zone in 
the Dune Sand, 180-Foot and 400-Foot Aquifers is defined as lateral or vertical migration of the 
3,000 mg/L TDS isocontour beyond the location established by the 2018 AEM study (Gottschalk 
et al. 2018). 

• Significant and unreasonable degradation of water quality in the Deep Aquifer is defined as 
exceedance of the TDS or chloride SMCL in one or more public supply wells completed in the 
Deep Aquifer near the MGSA Area.   
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• Significant and unreasonable migration of a contamination plume is defined by the following 
minimum threshold: 

o Migration or spread of the portion of a contamination plume that exceeds applicable 
water quality objectives by more than 100 feet toward the center of groundwater 
extraction in the MGSA Area, as documented by plume maps for the cleanup site.   

The following measurable objectives have been established for groundwater quality degradation: 

• The measurable objective for degradation of water quality in the low-TDS groundwater zone are 
defined to be the same as the minimum threshold, which is the 2018 vertical and lateral position 
of the 3,000 mg/L TDS isocontour in the Dune Sand, 180-Foot and 400-Foot Aquifers, as 
determined by the 2018 AEM survey (Gottschalk et al. 2018).  

• The measurable objective for degradation of water quality in the Deep Aquifer is no supply wells 
with MCL or SMCL exceedances for TDS or chloride.   

• The measurable objective for migration of a contamination plume is defined by the following: 

o An observable spread of the portion of a contamination plume that exceeds applicable 
water quality objectives over two or more consecutive monitoring events toward the 
center of groundwater extraction in the MGSA Area, as documented by plume maps for 
the cleanup site. 

The following data are needed to assess compliance with these thresholds: 

• Groundwater quality data for TDS and chloride at various depths and locations over time within 
the low-TDS groundwater zone form the primary basis for assessing compliance related to this 
sustainability indicator in the Dune Sand, 180-Foot and 400-Foot Aquifers;   

• Induction logging data from each monitoring well location will be used to additionally assess the 
lateral and vertical distribution of TDS and chloride at each MPWSP monitoring well cluster and 
assess changes; and 

• Groundwater level contour maps and plume maps for the OUCTP area of the Fort Ord 
Superfund Site. 

Summary information for the groundwater elevation and quality monitoring network that will be used 
to assess this sustainability indicator is presented in Tables 5-1 through 5-3, and boring logs and well 
completion diagrams are provided in Appendix 5-A.  The location of these monitoring wells is shown on 
Figure 5-2, which also presents the locations of five additional monitoring well clusters that are 
proposed to be installed by MCWRA.   

5.5.2 ADEQUACY OF MONITORING NETWORK, DENSITY OF MONITORING SITES, AND FREQUENCY 
OF MEASUREMENTS 

Regulation Requirements: 
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The adequacy of the groundwater elevation and quality monitoring network is discussed in Section 
5.2.2.  The density and frequency of groundwater elevation and quality measurements in the MPWSP 
wells is discussed in Section 5.2.3 and 5.3.3, and the adequacy of the induction logging monitoring 
network is discussed in 5.3.2.  Given the spatial distribution of the low-TDS zone in the vicinity of the 
MGSA Area (Figures 3-21, 3-22 and 3-23) and the use of continuous induction logging at each well 
cluster, the locations and completion depths of the existing and proposed monitoring wells will provide 
a generally adequate monitoring network to assess the potential migration of this zone both laterally 
and vertically.  The data gap related to long screen intervals will partly addressed through the use of 
induction logging, and the need for additional vertically-delineated monitoring zones will be evaluated in 
cooperation with MCWD GSA during GSP implementation.  The collection of quarterly or more frequent 
data meets or exceeds the standards normally applied for the assessment of seawater intrusion or 
solute plume migration.   

5.5.3 ADDITIONAL MONITORING NETWORK INFORMATION  
5.5.3.1 SCIENTIFIC RATIONALE FOR SITE SELECTION  

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(1) Scientific rationale for the monitoring site selection process. 

 
As discussed above, the existing monitoring well network and monitoring frequency provide an 
adequate basis for assessment of potential water quality changes that could be indicative of water 
quality degradation in the low-TDS groundwater zone.   

5.5.3.2 CONSISTENCY WITH DATA AND REPORTING STANDARDS  

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(2) Consistency with data and reporting standards described in Section 352.4.  If a site is not consistent with those standards, 

the Plan shall explain the necessity of the site to the monitoring network, and how any variation from the standards will 
not affect the usefulness of the results obtained. 

 
As discussed in Section 5.2.4.2, the data associated with the MGSA GSP groundwater elevation and 
quality monitoring network are consistent with the reporting standards required by SGMA.  The 

§354.34(d) The monitoring network shall be designed to ensure adequate coverage of sustainability indicators. If 
management areas are established, the quantity and density of monitoring sites in those areas shall be sufficient to 
evaluate conditions of the basin setting and sustainable management criteria specific to that area. 

§354.34(e) A Plan may utilize site information and monitoring data from existing sources as part of the monitoring network.  
§354.34(f) The Agency shall determine the density of monitoring sites and frequency of measurements required to 

demonstrate short-term, seasonal, and long-term trends based upon the following factors: 
    1) Amount of current and projected groundwater use. 
    2) Aquifer characteristics, including confined or unconfined aquifer conditions, or other physical characteristics that affect 

groundwater flow. 
    3) Impacts to beneficial uses and users of groundwater and land uses and property interests affected by groundwater 

production, and adjacent basins that could affect the ability of that basin to meet the sustainability goal. 
    4) Whether the Agency has adequate long-term existing monitoring results or other technical information to demonstrate 

an understanding of aquifer response. 
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groundwater quality minimum thresholds specifically incorporate state and federal standards for 
drinking water and applicable Water Quality Standards incorporated into the Regional Water Quality 
Control Board’s Water Quality Control Plan, including SWRCB Resolution Nos. 88-63 and 68-16.  

5.5.4 MONITORING PROTOCOLS   
Regulation Requirements: 
§352.2 Each Plan shall include monitoring protocols adopted by the Agency for data collection and management, as follows: 

 (a) Monitoring protocols shall be developed according to best management practices. 
 (b) The Agency may rely on monitoring protocols included as part of the best management practices developed by the 
Department, or may adopt similar monitoring protocols that will yield comparable data. 
 (c) Monitoring protocols shall be reviewed at least every five years as part of the periodic evaluation of the Plan, and 
modified as necessary.  

§354.34(i) The monitoring protocols developed by each Agency shall include a description of technical standards, data 
collection methods, and other procedures or protocols pursuant to Water Code Section 10727.2(f) for monitoring sites 
or other data collection facilities to ensure that the monitoring network utilizes comparable data and methodologies.  

 
MCWRA has established protocols for collecting groundwater quality data from monitoring wells and 
analyzing those data for the water quality effects of seawater intrusion.  These protocols are also 
applied to collection of groundwater quality data from the MPWSP monitoring wells and the USGS Deep 
Aquifer wells.  The groundwater quality data monitoring protocols are available in the Monterey County 
Quality Assurance Project Plan (QAPP) and included in Appendix 5.B.  Data collected by MCWRA in 
accordance with these protocols is anticipated to be provided to MGSA for this GSP.  Induction logging 
will be performed in accordance with the procedures presented in Zidar and Feeney (2019) and included 
in Appendix 5.D.   

5.5.5 DATA GAPS  
Regulation Requirements: 
§354.38(b) Each Agency shall identify data gaps wherever the basin does not contain a sufficient number of monitoring sites, 

does not monitor sites at a sufficient frequency, or utilizes monitoring sites that are unreliable, including those that do 
not satisfy minimum standards of the monitoring network adopted by the Agency. 

§354.38(c) If the monitoring network contains data gaps, the Plan shall include a description of the following: 
    1) The location and reason for data gaps in the monitoring network. 
    2) Local issues and circumstances that limit or prevent monitoring. 
§354.38 (d) Each Agency shall describe steps that will be taken to fill data gaps before the next five-year assessment, 

including the location and purpose of newly added or installed monitoring sites. 
§354.38(e) Each Agency shall adjust the monitoring frequency and density of monitoring sites to provide an adequate level 

of detail about site-specific surface water and groundwater conditions and to assess the effectiveness of management 
actions under circumstances that include the following: 

    1) Minimum threshold exceedances. 
    2) Highly variable spatial or temporal conditions 
    3) Adverse impacts to beneficial uses and users of groundwater. 
    4) The potential to adversely affect the ability of an adjacent basin to implement its Plan or impede achievement of 

sustainability goals in an adjacent basin. 
 
The following potential data gaps identified for the MGSA GSP groundwater elevation monitoring 
network are applicable to the Degradation of Groundwater Quality sustainability indicator: 
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• Groundwater elevation and quality data in the MGSA Area:  The available data to characterize 
groundwater elevations and groundwater quality in the MGSA Area and vicinity are both 
spatially and temporally limited.  Such data are needed to characterize groundwater flow 
patterns in the Dune Sand Aquifer, the 180-Foot Aquifer and the 400-Foot Aquifer and assess 
recent trends in seawater intrusion.  The installation of monitoring well clusters at five 
additional locations by MCWRA as proposed (and as revised if necessary) will address this data 
gap spatially.  Temporally, the limited duration of the temporal data set will be addressed as 
additional data are gathered over time. 

• Depth discrete groundwater data – Certain wells in the 180-Foot Aquifer and 400-Foot Aquifer 
were constructed with very long screened intervals (e.g., over 100 feet in many cases), which 
introduces uncertainty with respect to the specific aquifer horizon monitored by the well, and 
the interpretation of local groundwater gradients.  This data gap will be addressed as necessary 
during implementation of the GSP, in collaboration with MCWD GSA.  The need to address this 
data gap may depend on whether the monitoring data indicate that the triggers for the 
management actions described in Chapter 6 are being exceeded, and whether more vertically 
discrete data are needed for the implementation and monitoring of those management actions.   

5.6 LAND SUBSIDENCE  
Regulation Requirements: 
§354.34(c) Each monitoring network shall be designed to accomplish the following for each sustainability indicator:  
(5) Land Subsidence. Identify the rate and extent of land subsidence, which may be measured by extensometers, surveying, 

remote sensing technology, or other appropriate method.  
 
Section 354.28(d) of the Regulations states that “an Agency may establish a representative minimum 
threshold for groundwater elevation to serve as the value for multiple sustainability indicators, where 
the Agency can demonstrate that the representative value is a reasonable proxy for multiple individual 
minimum thresholds as supported by adequate evidence.”  The MGSA GSP uses groundwater elevation 
data as a proxy for land subsidence measurements based on the rationale described in Section 4.8.2.  
Groundwater elevation proxy minimum thresholds will be directly measured from the monitoring well 
network.  In addition, in collaboration with SVBGSA, MGSA will obtain and review subsidence 
measurements and remote sensing data from DWR and other entities.  

5.6.1 DESCRIPTION OF MONITORING APPROACH AND NETWORK  
Regulation Requirements: 
§354.34(g)(3) For each sustainability indicator, the quantitative values for the minimum threshold, measurable objective, and 
interim milestones that will be measured at each monitoring site or representative monitoring sites established pursuant to 
Section 354.36. 
§354.34(h) The location and type of each monitoring site within the basin displayed on a map, and reported in tabular format, 
including information regarding the monitoring site type, frequency of measurement, and the purposes for which the 
monitoring site is being used. 

 
This GSP adopts the following groundwater elevation minimum thresholds that serve as a proxy for land 
subsidence minimum thresholds: 
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• Dune Sand Aquifer – The minimum thresholds for the Dune Sand Aquifer are established as an 
elevation of 1 foot above the 2015 low groundwater levels recorded in Dune Sand Aquifer 
monitoring wells near identified GDEs in the vicinity of the MGSA Area, and presented for wells 
MW-4S, 7S and 8S in Table 4-1.  These minimum thresholds will be updated as warranted based 
on future planned investigations to address existing data gaps in the relationship between 
groundwater level declines and GDE response, as discussed in Chapter 7.   

• 180-Foot and 400-Foot Aquifers – The minimum thresholds for the 180-Foot and 400-Foot 
Aquifers are 1 foot above historical low groundwater elevations measured in 2015 as 
determined from analysis of the hydrographs included in Appendix 3.D.  For RMS located near 
well 14S/02E-08M02, which is approximately 1 mile northeast of the MGSA Area, minimum 
thresholds were adjusted to better match the minimum threshold adopted by SVBGSA for the 
400-Foot Aquifer at this location, and in the overlying 180-Foot Aquifer in accordance with 
existing vertical gradients.  Values for RMS are presented in Table 4-1.   

• Deep Aquifer – Because groundwater is not currently extracted from the Deep Aquifer in the 
MGSA Area, minimum thresholds and measurable objectives were not established for the 
Chronic Lowering of Groundwater Levels sustainability indicator in this aquifer and none are 
therefore adopted for subsidence.   

This GSP adopts the following groundwater elevation measurable objectives that serve as a proxy for 
land subsidence minimum thresholds: 

• Dune Sand Aquifer.  MGSA adopts the above minimum thresholds as measurable objectives on 
an interim basis as data gaps are addressed and sustainable management criteria for GDEs are 
updated early during the GSP implementation process.  Based on the limited amplitude of 
seasonal and inter-annual fluctuation in groundwater levels in the Dune Sand Aquifer and the 
planned schedule for data gap analysis, this approach allows for protection of GDEs while 
allowing near-term flexibility in groundwater management.   

180-Foot and 400-Foot Aquifers – For the 180-Foot Aquifer, measurable objectives were initially 
established at an elevation that is 7.0 feet above the minimum threshold and for the 400-Foot Aquifer 
measurable objectives were initially set at 6.1 feet above the minimum threshold, in accordance with 
the operating range adopted under SVBGSA’s GSP in the westernmost portion of the Subbasin.  
Elevations were then adjusted based on proximity to well 14S/02E-08M02 and local gradient data.  
Given that land subsidence is directly related to groundwater elevations and that the subsidence risk 
near the MGSA Area is relatively low, the MGSA GSP monitoring network for Land Subsidence will be the 
same monitoring network as that for Chronic Lowering of Groundwater Levels described in Section 5.2.  
Well information for the wells in the MGSA GSP monitoring network is provided on Tables 5-2 and 5-3, 
the boring logs and well completion diagrams are provided in Appendix 5.A, and the locations of the 
MPWSP monitoring wells are shown on Figure 5-2.  No other monitoring is proposed, except for periodic 
review of subsidence measurement maps published by USGS, DWR, Jet Propulsion Laboratories (JPL) 
and others, including remote sensing InSAR data.   
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5.6.2 ADEQUACY OF MONITORING NETWORK, DENSITY OF MONITORING SITES, AND FREQUENCY 
OF MEASUREMENTS 

 
The adequacy of the groundwater elevation monitoring network is discussed in Section 5.2.2.  The 
density and frequency of groundwater elevation measurements in the existing and proposed MPWSP 
wells is discussed in Section 5.2.3.  Given the anticipated spatial distribution of drawdown associated 
with groundwater extraction in the MGSA Area, the locations and completion depths of the existing 
monitoring wells will provide an adequate monitoring network to assess the potential for subsidence 
related to groundwater level decline.   

5.6.3 ADDITIONAL MONITORING NETWORK INFORMATION  
5.6.3.1 SCIENTIFIC RATIONALE FOR SITE SELECTION  

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(1) Scientific rationale for the monitoring site selection process. 

 
In order to assess the potential for subsidence induced by pumping in the MGSA Area, groundwater 
elevation monitoring is needed at locations and depths where drawdown will be at maximum and where 
fine-grained aquitards could potentially be depressurized.  The existing monitoring network of wells 
completed in the 180-Foot Aquifer and 400-Foot Aquifer meet this need.   

5.6.3.2 CONSISTENCY WITH DATA AND REPORTING STANDARDS  

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(2) Consistency with data and reporting standards described in Section 352.4.  If a site is not consistent with those standards, 

the Plan shall explain the necessity of the site to the monitoring network, and how any variation from the standards will 
not affect the usefulness of the results obtained. 

 
As discussed in Section 5.2.4.2, the data associated with the MGSA GSP groundwater elevation and 
quality monitoring network are consistent with the reporting standards required by SGMA.   

Regulation Requirements: 
§354.34(d) The monitoring network shall be designed to ensure adequate coverage of sustainability indicators. If 

management areas are established, the quantity and density of monitoring sites in those areas shall be sufficient to 
evaluate conditions of the basin setting and sustainable management criteria specific to that area. 

§354.34(e) A Plan may utilize site information and monitoring data from existing sources as part of the monitoring network.  
§354.34(f) The Agency shall determine the density of monitoring sites and frequency of measurements required to 

demonstrate short-term, seasonal, and long-term trends based upon the following factors: 
    1) Amount of current and projected groundwater use. 
    2) Aquifer characteristics, including confined or unconfined aquifer conditions, or other physical characteristics that affect 

groundwater flow. 
    3) Impacts to beneficial uses and users of groundwater and land uses and property interests affected by groundwater 

production, and adjacent basins that could affect the ability of that basin to meet the sustainability goal. 
    4) Whether the Agency has adequate long-term existing monitoring results or other technical information to demonstrate 

an understanding of aquifer response. 
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5.6.4 MONITORING PROTOCOLS  
Regulation Requirements: 
§352.2 Each Plan shall include monitoring protocols adopted by the Agency for data collection and management, as follows: 

 (a) Monitoring protocols shall be developed according to best management practices. 
 (b) The Agency may rely on monitoring protocols included as part of the best management practices developed by the 
Department, or may adopt similar monitoring protocols that will yield comparable data. 
 (c) Monitoring protocols shall be reviewed at least every five years as part of the periodic evaluation of the Plan, and 
modified as necessary.  

§354.34(i) The monitoring protocols developed by each Agency shall include a description of technical standards, data 
collection methods, and other procedures or protocols pursuant to Water Code Section 10727.2(f) for monitoring sites 
or other data collection facilities to ensure that the monitoring network utilizes comparable data and methodologies.  

 
Chapter 4 of the MCWRA CASGEM plan (MWCRA 2015) includes a description of the monitoring 
procedures employed by that agency.  These CASGEM groundwater elevation monitoring protocols will 
be utilized by MCWRA to implement the monitoring program that is adopted by this GSP.  The MCWRA 
monitoring protocols are included in Appendix 5.B.  Groundwater elevation data are currently collected 
both by hand and using automated pressure transducers.  The monitoring protocols established by 
MCWRA cover multiple monitoring methods for collection of data by hand and by automated pressure 
transducers.  

5.6.5 DATA GAPS  
Regulation Requirements: 
§354.38(b) Each Agency shall identify data gaps wherever the basin does not contain a sufficient number of monitoring sites, 

does not monitor sites at a sufficient frequency, or utilizes monitoring sites that are unreliable, including those that do 
not satisfy minimum standards of the monitoring network adopted by the Agency. 

§354.38(c) If the monitoring network contains data gaps, the Plan shall include a description of the following: 
    1) The location and reason for data gaps in the monitoring network. 
    2) Local issues and circumstances that limit or prevent monitoring. 
§354.38 (d) Each Agency shall describe steps that will be taken to fill data gaps before the next five-year assessment, 

including the location and purpose of newly added or installed monitoring sites. 
§354.38(e) Each Agency shall adjust the monitoring frequency and density of monitoring sites to provide an adequate level 

of detail about site-specific surface water and groundwater conditions and to assess the effectiveness of management 
actions under circumstances that include the following: 

    1) Minimum threshold exceedances. 
    2) Highly variable spatial or temporal conditions 
    3) Adverse impacts to beneficial uses and users of groundwater. 
    4) The potential to adversely affect the ability of an adjacent basin to implement its Plan or impede achievement of 

sustainability goals in an adjacent basin. 
 
Although the available data suggest that the vicinity of the MGSA Area has not experienced significant 
subsidence, the data are reported to be insufficient to assess the potential future vulnerability of this 
area to future subsidence if groundwater extractions are increased.  MGSA will work with SVBGSA to 
address this data gap as needed during GSP implementation.  Given the relatively low risk of subsidence 
near the MGSA Area, the monitoring of groundwater elevations and review of remote sensing data 
periodically published by DWR, USGS or others should be an adequate monitoring program for this 
sustainability indicator.    
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5.7 DEPLETION OF INTERCONNECTED SURFACE WATER  
Regulation Requirements: 
§354.34(c) Each monitoring network shall be designed to accomplish the following for each sustainability indicator:  
(6) Depletions of Interconnected Surface Water. Monitor surface water and groundwater, where interconnected surface 

water conditions exist, to characterize the spatial and temporal exchanges between surface water and groundwater, 
and to calibrate and apply the tools and methods necessary to calculate depletions of surface water caused by 
groundwater extractions.  

 
Depletion of interconnected surface water is directly related to groundwater level decline in the 
uppermost aquifer system which is in contact with the stream or wetland being affected, in this case, 
the Dune Sand Aquifer.  As such, the primary potential effect of concern associated with the decline of 
groundwater levels in the Dune Sand Aquifer is potential stress to GDEs.  The minimum thresholds 
established for the groundwater level decline RMS are an adequate proxy for the depletion of 
interconnected surface water.  Groundwater elevation minimum thresholds will be directly measured in 
shallow wells in the monitoring well network.    

5.7.1 DESCRIPTION OF THE MONITORING APPROACH AND NETWORK  
Regulation Requirements: 
§354.34(c)(6) Depletions of Interconnected Surface Water.  Monitor surface water and groundwater, where interconnected 

surface water conditions exist, to characterize the spatial and temporal exchanges between surface water and 
groundwater, and to calibrate and apply the tools and methods necessary to calculate depletions of surface water 
caused by groundwater extractions.  The monitoring network shall be able to characterize the following: 

    A) Flow conditions including surface water discharge, surface water head, and baseflow contribution. 
    B) Identifying the approximate date and location where ephemeral or intermittent flowing streams and rivers cease to 

flow, if applicable. 
    C) Temporal change in conditions due to variations in stream discharge and regional groundwater extraction. 
    D) Other factors that may be necessary to identify adverse impacts on beneficial uses of the surface water. §354.34(h) The 

location and type of each monitoring site within the basin displayed on a map, and reported in tabular format, including 
information regarding the monitoring site type, frequency of measurement, and the purposes for which the monitoring 
site is being used. 

§354.34(g)(3) For each sustainability indicator, the quantitative values for the minimum threshold, measurable objective, 
and interim milestones that will be measured at each monitoring site or representative monitoring sites established 
pursuant to Section 354.36. 

 
This GSP adopts the following groundwater elevation minimum thresholds that serve as a proxy for 
depletion of surface water minimum thresholds: 

• Dune Sand Aquifer – The minimum thresholds for the Dune Sand Aquifer are established as an 
elevation of 1 foot above the 2015 low groundwater levels recorded in Dune Sand Aquifer 
monitoring wells near identified GDEs in the vicinity of the MGSA Area, and presented for wells 
MW-4S, 7S and 8S in Table 4-1.  These minimum thresholds will be updated as warranted based 
on future planned investigations to address existing data gaps in the relationship between 
groundwater level declines and GDE response, as discussed in Chapter 7.  Measurable objectives 
are identical to minimum thresholds.   

• 180-Foot, 400-Foot and Deep Aquifers – Because these aquifers are not directly interconnected 
to surface water, no minimum thresholds or measurable objectives are established.  
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The following data are needed to assess compliance with these thresholds: 

• To assess surface-groundwater interactions at the GDEs, shallow groundwater elevation data 
are needed proximal to the surface water resources being considered.   

• The reliance by GDEs on groundwater, and their ability to adapt to groundwater elevation 
declines, is variable depending on the nature of the habitat and species involved.  As discussed 
in Chapter 7, this has been identified as a data gap to be addressed during GSP implementation.  
The baseline biological conditions of the vernal ponds near the MGSA Area will be documented, 
and a biological monitoring program will be implemented to evaluate the effect of groundwater 
level changes on GDE habitat composition annually.   

Summary information for the groundwater elevation and quality monitoring network that will be used 
to assess this sustainability indicator is presented in Table 5-1 and the boring logs and well completion 
diagrams are provided in Appendix 5.A.  The locations of these monitoring wells are shown on Figure 5-
2, which also presents the location of five additional monitoring well clusters that are proposed to be 
installed by MCWRA.   

5.7.2 ADEQUACY OF MONITORING NETWORK, DENSITY OF MONITORING SITES, AND FREQUENCY 
OF MEASUREMENTS 

 
The adequacy of the groundwater elevation monitoring network is discussed in Section 5.2.2.  The 
density and frequency of groundwater elevation measurements in the MPWSP wells is discussed in 
Section 5.2.3.  The existing and proposed wells are sufficiently spread out through the area to assess 
drawdown distribution in the Dune Sand Aquifer that could affect vernal ponds.   

The shallow Dune Sand Aquifer wells that are the RMS for this sustainability indicator are co-located 
with nested wells completed in the 180-Foot and upper 400-Foot Aquifers.  In addition, two nested 
monitoring well clusters are located proximal to the Salinas River (MW-6 and MW-9).  As discussed in 
Section 4.9.2, the potential undesirable results from surface water depletion associated with pumping in 
the MGSA Area are only anticipated to be associated with vernal ponds, and not with depletion of flow 

Regulation Requirements: 
§354.34(d) The monitoring network shall be designed to ensure adequate coverage of sustainability indicators. If 

management areas are established, the quantity and density of monitoring sites in those areas shall be sufficient to 
evaluate conditions of the basin setting and sustainable management criteria specific to that area. 

§354.34(e) A Plan may utilize site information and monitoring data from existing sources as part of the monitoring network.  
§354.34(f) The Agency shall determine the density of monitoring sites and frequency of measurements required to 

demonstrate short-term, seasonal, and long-term trends based upon the following factors: 
    1) Amount of current and projected groundwater use. 
    2) Aquifer characteristics, including confined or unconfined aquifer conditions, or other physical characteristics that affect 

groundwater flow. 
    3) Impacts to beneficial uses and users of groundwater and land uses and property interests affected by groundwater 

production, and adjacent basins that could affect the ability of that basin to meet the sustainability goal. 
    4) Whether the Agency has adequate long-term existing monitoring results or other technical information to demonstrate 

an understanding of aquifer response. 
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in the Salinas River.  For this reason, the RMS do not include the wells located near the Salinas River and 
the existing RMS are considered adequate for sustainable groundwater management.  However, 
interaction of groundwater extraction with the Salinas River is designated as a data gap and will be 
assessed in coordination with SVBGSA as discussed in Chapter 7.  Groundwater level data collected from 
these wells, and from deeper wells in the remaining well clusters, will be used to further assess vertical 
hydraulic communication between the principal aquifers and surface-groundwater interaction along the 
Salinas River.  This information may be used to refine the Hydrogeologic Conceptual Model, and the 
sustainable management criteria and monitoring networks may be refined in future updates of the GSP.   

5.7.3 ADDITIONAL MONITORING NETWORK INFORMATION  
5.7.3.1 SCIENTIFIC RATIONALE FOR SITE SELECTION  

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(1) Scientific rationale for the monitoring site selection process. 

 
The existing and proposed wells are sufficiently spread out in the Dune Sand Aquifer to assess 
groundwater level decline in areas that could be affected by groundwater extraction in the MGSA Area 
that are proximal to identified vernal pond GDEs.  Biological surveys by a wetlands expert will allow 
assessments of GDE habitat composition and vigor to be made, as discussed in Chapter 7, will establish 
baseline conditions, and will allow correlations to be established between groundwater levels in the 
Dune Sand Aquifer and ecosystem responses in the GDEs .   

5.7.3.2 CONSISTENCY WITH DATA AND REPORTING STANDARDS  

Regulation Requirements: 
§354.34(g) Each Plan shall describe the following information about the monitoring network: 
(2) Consistency with data and reporting standards described in Section 352.4.  If a site is not consistent with those standards, 

the Plan shall explain the necessity of the site to the monitoring network, and how any variation from the standards will 
not affect the usefulness of the results obtained. 

 
As discussed in Section 5.2.4.2, the data associated with the MGSA GSP groundwater elevation 
monitoring network are consistent with the reporting standards required by SGMA.  Reporting 
standards for biological survey data have not been established.  

5.7.4 MONITORING PROTOCOLS  
Regulation Requirements: 
§352.2 Each Plan shall include monitoring protocols adopted by the Agency for data collection and management, as follows: 

 (a) Monitoring protocols shall be developed according to best management practices. 
 (b) The Agency may rely on monitoring protocols included as part of the best management practices developed by the 
Department, or may adopt similar monitoring protocols that will yield comparable data. 
 (c) Monitoring protocols shall be reviewed at least every five years as part of the periodic evaluation of the Plan, and 
modified as necessary.  

§354.34(i) The monitoring protocols developed by each Agency shall include a description of technical standards, data 
collection methods, and other procedures or protocols pursuant to Water Code Section 10727.2(f) for monitoring sites 
or other data collection facilities to ensure that the monitoring network utilizes comparable data and methodologies.  
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Chapter 4 of the MCWRA CASGEM plan (MWCRA 2015) includes a description of the monitoring 
procedures employed by that agency.  These CASGEM groundwater elevation monitoring protocols will 
be utilized by MCWRA to implement their monitoring program.  The monitoring protocols are included 
in Appendix 5.B. Groundwater elevation data are currently collected both by hand and using automated 
pressure transducers. The monitoring protocols established by MCWRA cover multiple monitoring 
methods for collection of data by hand and by automated pressure transducers.  Data collected by 
MCWRA are anticipated to be provided to MGSA for this GSP. 

5.7.5 DATA GAPS  
Regulation Requirements: 
§354.38(b) Each Agency shall identify data gaps wherever the basin does not contain a sufficient number of monitoring sites, 

does not monitor sites at a sufficient frequency, or utilizes monitoring sites that are unreliable, including those that do 
not satisfy minimum standards of the monitoring network adopted by the Agency. 

§354.38(c) If the monitoring network contains data gaps, the Plan shall include a description of the following: 
    1) The location and reason for data gaps in the monitoring network. 
    2) Local issues and circumstances that limit or prevent monitoring. 
§354.38 (d) Each Agency shall describe steps that will be taken to fill data gaps before the next five-year assessment, 

including the location and purpose of newly added or installed monitoring sites. 
§354.38(e) Each Agency shall adjust the monitoring frequency and density of monitoring sites to provide an adequate level 

of detail about site-specific surface water and groundwater conditions and to assess the effectiveness of management 
actions under circumstances that include the following: 

    1) Minimum threshold exceedances. 
    2) Highly variable spatial or temporal conditions 
    3) Adverse impacts to beneficial uses and users of groundwater. 
    4) The potential to adversely affect the ability of an adjacent basin to implement its Plan or impede achievement of 

sustainability goals in an adjacent basin. 
 
Regionally, the SVBGSP has identified surface-groundwater interaction along the Salinas River as a data 
gap.  The available data evaluated in this GSP indicate that the lower reach of the Salinas River is likely in 
hydraulic communication with the Dune Sand Aquifer; however, the tools to evaluate the extent and 
nature of the interaction between the Dune Sand Aquifer and the river do not exist at this time.  SVBGSA 
noted that the release of the calibrated USGS SVIHM will provide an important new tool and valuable 
additional data regarding the interconnection between the Salinas River and the Dune Sand Aquifer and 
other shallow aquifers, and the underlying 180-Foot Aquifer (SVBGSA 2019).  Furthermore, SVBGSA has 
proposed a regional investigation to assess the level of river interconnection using existing shallow wells 
located adjacent to the Salinas River in combination with the SVIHM.  MGSA will review the results of 
SVBGSA’s investigation, perform supplemental local evaluations as needed, and incorporate them into 
updates of the MGSA GSP.   

The following specific data gaps identified for the MGSA GSP groundwater level monitoring network are 
applicable to the Depletion of Interconnected Surface Water sustainability indicator: 

• Biological survey data for GDEs:  Limited current data are available to characterize wetland 
vegetation and habitat in and around the vernal ponds in the City of Marina and within the 
MGSA Area, and their potential sensitivity to pumping-induced drawdown.  Such data are 
needed to assess the wetland habitat and any special-status plant and animal species present 
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and to determine if drawdown of shallow groundwater is affecting, or may affect, the GDEs.  
Completion of a baseline biological survey and then performance of a biological survey by a 
wetlands expert once a year for the first five years will address this data gap. 

• Groundwater elevation and quality data in the vicinity of GDEs:  The available data to 
characterize groundwater elevations and groundwater quality in the MGSA Area and vicinity are 
both spatially and temporally limited.  Such data are needed to assess surface water-
groundwater interactions for GDEs in vernal ponds within the City of Marina and in the MGSA 
Area.  The installation of monitoring well clusters at five additional locations by MCWRA will 
address this data gap spatially.  Temporally, the limited duration of the temporal data set will be 
addressed as additional data are gathered over time.  

• Groundwater elevation and quality data in the MGSA Area:  The available data to characterize 
groundwater elevations and groundwater quality in the MGSA Area and vicinity are both 
spatially and temporally limited.  Such data are needed to characterize groundwater flow 
patterns in the Dune Sand Aquifer and the 180-Foot Aquifer and assess spatial and temporal 
evidence for surface-groundwater interaction with the Salinas River and with GDEs (palustrine 
and emergent wetlands), especially to the northeast and southeast of the MGSA Area.  The 
installation of monitoring well clusters at five additional locations by MCWRA will address this 
data gap spatially.  Temporally, the limited duration of the temporal data set will be addressed 
as additional data are gathered over time. 

5.8 REPORTING MONITORING DATA TO THE DEPARTMENT  
Regulation Requirements: 
§ 352.6 Data Management System  

Each Agency shall develop and maintain a data management system that is capable of storing and reporting 
information relevant to the development or implementation of the Plan and monitoring of the basin.  

§354.40 Reporting Monitoring Data to the Department 
Monitoring data shall be stored in the data management system developed pursuant to Section 352.6. A copy of the 
monitoring data shall be included in the Annual Report and submitted electronically on forms provided by the 
Department. 

 
A Microsoft Access DMS has been created to store GSP monitoring data in accordance with 23 CCR § 
352.6, which requires that each GSA shall develop and maintain a data management system that is 
capable of storing and reporting information relevant to the development or implementation of the GSP 
and monitoring of the Subbasin.  MGSA’s database has a simple structure which is shared with the DMS 
being developed by MCWD GSA in support of its GSP for the Monterey Subbasin, which abuts the MGSA 
Area to the south.  In addition, MGSA plans to coordinate with database personnel from SVBGSA to 
assure compatibility with the DMS being developed by that agency.  Both GSAs will rely extensively on 
the same monitoring data collected by MCWRA; therefore, it is anticipated that very little data transfer 
will actually need to occur.  SVBGSA is considering development of a web-based DMS to facilitate basin-
wide groundwater management.  MGSA will cooperate with this effort, but will retain a relatively simple 
structure for its DMS that is not web-based.   
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MGSA’s Access DMS includes the following information: 

• Physical well data, including location, elevation, type, depth, aquifer, construction date, and 
details, and ownership information; 

• Depth to water measurements, reference point elevations and groundwater elevation 
elevations; 

• Well production data; 

• Well chemical data for TDS, chloride, specific conductance, and other selected general mineral 
parameters;  

• Precipitation data including meteorological station location and monthly precipitation totals; 
and 

• Gaging station location, stage, and discharge data. 

MGSA’s DMS will be periodically updated with monitoring data.  It will be used to analyze and compare 
data, evaluate statistical relationships and trends, and provide model inputs and calibration datasets if 
needed, and create data tables and other outputs.  In addition, information in the database has been 
migrated into a geodatabase in ESRI ArcGIS format to facilitate spatial analysis, production of graphics 
and communication with regional GIS users.  The Geodatabase also includes various data for various 
mapped layers including: 

• Topography, surface infrastructure, jurisdictional boundaries, land use designations, protected 
areas, and disadvantaged community areas; 

• Hydrologic features and GDEs; 

• Geologic and soils information; 

• Groundwater elevation data; 

• Groundwater chemical data including chloride and TDS isoconcentration contour data; and 

• Geophysical investigation data. 

The Access DMS and geodatabase will be used in combination to support adaptive management during 
GSP implementation and reporting to DWR.  In accordance with 23 CCR § 352.6, a copy of the 
monitoring data will be included in the Annual Report and submitted electronically on forms provided by 
DWR.   
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TABLE 5-1.  WELL INFORMATION AND DATA COLLECTED FOR WELLS IN THE DUNE SAND AQUIFER 

Well Name Latitude Longitude Well Type Depth  
(ft bgs) 

RP 
Elevation 
(ft msl) 

Top of 
Perfs 

(ft bgs) 

Bottom of 
Perfs 

(ft bgs) 

Data 
Collected 

Collection 
Frequency 

MW-1S 36.71314 -121.80588 Monitoring 105 30.51 55 95 WL, WQ C, C 

MW-3S 36.71280 -121.80375 Monitoring 100 37.16 50 90 WL, WQ C, C 

MW-4S 36.71173 -121.79876 Monitoring 110 41.96 60 100 WL, WQ C, C 

MW-5S 36.71798 -121.77461 Monitoring 93 80.25 43 83 WL, WQ C, C 

MW-6S 36.67713 -121.74723 Monitoring 70 35.89 30 60 WL, WQ C, C 

MW-7S 36.70626 -121.78927 Monitoring 90 50.64 60 80 WL, WQ C, C 

MW-8S 36.72648 -121.78753 Monitoring 90 19.96 40 80 WL, WQ C, C 

MW-9S 36.73373 -121.77935 Monitoring 120 18.42 30 110 WL, WQ C, C 

MW-AS TBD TBD Monitoring TBD TBD TBD TBD WL C 

MW-BS TBD TBD Monitoring TBD TBD TBD TBD WL C 

MW-CS TBD TBD Monitoring TBD TBD TBD TBD WL C 

MW-DS TBD TBD Monitoring TBD TBD TBD TBD WL C 

MW-ES TBD TBD Monitoring TBD TBD TBD TBD WL C 

MW-5S TBD TBD Monitoring TBD TBD TBD TBD WL C 

MCWD MW#4 TBD TBD Monitoring 110 61 64 106 WL, WQ C, C 

MCWD MW#5 TBD TBD Monitoring 107 61 60 100 WL, WQ C, C 

MW-BW-76-A TBD TBD Monitoring 50 17 20 50 TBD TBD 

MW-BW-84-A TBD TBD Monitoring 65 19 24 64 TBD TBD 

MW-BW-83-A TBD TBD Monitoring 68 24 26 66 TBD TBD 
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Well Name Latitude Longitude Well Type Depth  
(ft bgs) 

RP 
Elevation 
(ft msl) 

Top of 
Perfs 

(ft bgs) 

Bottom of 
Perfs 

(ft bgs) 

Data 
Collected 

Collection 
Frequency 

MW-OU1-01-180 TBD TBD Monitoring 175 126 155 175 TBD TBD 

MW-OU1-02-180 TBD TBD Monitoring 195 138 175 195 TBD TBD 

MW-OU1-03-180 TBD TBD Monitoring 183 141 163 183 TBD TBD 

MW-BW-54-180 TBD TBD Monitoring 201 128 161 201 TBD TBD 

21667 TBD TBD Production 140 56 80 140 WL, WQ M, A 
Notes: 
Proposed wells are italicized; MW-5S is a proposed replacement well for the existing well screened in a perched zone in the Dune Sand Aquifer. 
Latitude and longitude in decimal degrees. 
RP = Reference Point (top of casing), ft = feet, bgs = below ground surface, msl = mean sea level, Perfs = Perforations 
Dune Sand Aquifer = Dune Sand Aquifer, (L) = Lower interval in 180-Foot Aquifer, WL = Water Level, WQ = Water Quality, IN = Induction Logging, C = Continuous, A = Annual 
Source: Monterey Peninsula Water Supply Project (HWG 2016); Integrated Coastal Groundwater Monitoring Plan (MCRWA 2019) 
  



CHAPTER 5 – MONITORING NETWORK 
Groundwater Sustainability Plan 
for the City of Marina GSA Area of the 180/400 Foot Aquifer Subbasin January 2020 

 

5-41 

TABLE 5-2.  WELL INFORMATION AND DATA COLLECTED FOR WELLS IN THE 180-FOOT AQUIFER 

Well Name Latitude Longitude Well Use Depth  
(ft bgs) 

RP 
Elevation 
(ft msl) 

Top of 
Perfs 

(ft bgs) 

Bottom of 
Perfs 

(ft bgs) 

Data 
Collected 

Collection 
Frequency 

MW-1M 36.71316 -121.80591 Monitoring 235 29.86 115 225 WL, WQ C, C 

MW-3M 36.71278 -121.80371 Monitoring 225 37.35 105 215 WL, WQ C, C 

MW-4M 36.71174 -121.79879 Monitoring 270 41.99 130 260 WL, WQ C, C 

MW-5M 36.71796 -121.77462 Monitoring 320 80.48 100 310 WL, WQ C, C 

MW-6M 36.67712 -121.74726 Monitoring 220 35.68 150 210 WL, WQ C, C 

MW-6M(L) 36.67710 -121.74729 Monitoring 335 35.82 255 325 WL, WQ C, C 

MW-7M 36.70629 -121.78928 Monitoring 230 50.29 130 220 WL, WQ C, C 

MW-8M 36.72645 -121.78755 Monitoring 225 19.99 125 215 WL, WQ C, C 

MW-9M 36.73375 -121.77932 Monitoring 235 18.32 145 225 WL, WQ C, C 

MW-AM TBD TBD Monitoring TBD TBD TBD TBD WL C 

MW-BM TBD TBD Monitoring TBD TBD TBD TBD WL C 

MW-CM TBD TBD Monitoring TBD TBD TBD TBD WL C 

MW-DM TBD TBD Monitoring TBD TBD TBD TBD WL C 

MW-EM TBD TBD Monitoring TBD TBD TBD TBD WL C 

MCWD DMW-1 TBD TBD Monitoring 240 60 190 230 WL, WQ C, P 

MCWD DMW-2 TBD TBD Monitoring 236 61 180 230 WL, WQ C, P 

MCWD Well #1 TBD TBD Production 225 84 124 NA WL C 

MCWD Well #2 TBD TBD Production 200 75 128 NA WL C 

14530 TBD TBD Production 350 103 260 340 WL C 
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Well Name Latitude Longitude Well Use Depth  
(ft bgs) 

RP 
Elevation 
(ft msl) 

Top of 
Perfs 

(ft bgs) 

Bottom of 
Perfs 

(ft bgs) 

Data 
Collected 

Collection 
Frequency 

14531 TBD TBD Production 350 116 260 340 WL C 

MW-B-05-180 TBD TBD Production 210 120 175 205 WL, WQ C, P 

Airfield TBD TBD Production 396 142 318 379 WL, WQ C, P 

Notes: 
Proposed wells are italicized. 
Latitude and longitude in decimal degrees 
RP = Reference Point (top of casing), ft = feet, bgs = below ground surface, msl = mean sea level, Perfs = Perforations 
Dune Sand Aquifer = Dune Sand Aquifer, (L) = Lower interval in 180-Foot Aquifer, WL = Water Level, WQ = Water Quality, IN = Induction Logging, C = Continuous, A = Annual 
Source: Monterey Peninsula Water Supply Project (HWG 2016); Integrated Coastal Groundwater Monitoring Plan (MCRWA 2019) 
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TABLE 5-3.  WELL INFORMATION AND DATA COLLECTED FOR WELLS IN THE 400-FOOT AQUIFER 

Well Name Latitude Longitude Well Type Depth  
(ft bgs) 

RP 
Elevation 
(ft msl) 

Top of 
Perfs 

(ft bgs) 

Bottom of 
Perfs 

(ft bgs) 

Data 
Collected 

Collection 
Frequency 

MW-1D 36.71317 -121.80594 Monitoring 337 29.68 277 327 WL, WQ, IN C, C, A 

MW-3D 36.71277 -121.80367 Monitoring 340 36.93 285 330 WL, WQ, IN C, C, A 

MW-4D 36.71174 -121.79883 Monitoring 340 41.95 290 330 WL, WQ, IN C, C, A 

MW-5D 36.71793 -121.77463 Monitoring 445 80.06 395 435 WL, WQ, IN C, C, A 

MW-7D 36.70632 -121.78929 Monitoring 355 50.24 295 345 WL, WQ, IN C, C, A 

MW-8D 36.72642 -121.78757 Monitoring 360 20.08 300 350 WL, WQ, IN C, C, A 

MW-9D 36.73377 -121.77929 Monitoring 403 18.32 353 393 WL, WQ, IN C, C, A 

MW-AD TBD TBD Monitoring TBD TBD TBD TBD WL, WQ-IN C, A 

MW-BD TBD TBD Monitoring TBD TBD TBD TBD WL, WQ-IN C, A 

MW-CD TBD TBD Monitoring TBD TBD TBD TBD WL, WQ-IN C, A 

MW-DD TBD TBD Monitoring TBD TBD TBD TBD WL, WQ-IN C, A 

MW-ED TBD TBD Monitoring TBD TBD TBD TBD WL, WQ-IN C, A 

1032 TBD TBD Production 506 31 400 506 WQ A 

239 TBD TBD Production 500 14 314 456 WL M 

2791 TBD TBD Production 600 140 438 580 WL A 

2718 TBD TBD Production 615 19 330 600 WL A 

1466 TBD TBD Production 556 16 395 540 WL, WQ A, A 

Notes: 
Proposed wells are italicized; Latitude and longitude in decimal degrees. 
RP = Reference Point (top of casing), ft = feet, bgs = below ground surface, msl = mean sea level, Perfs = Perforations 
Dune Sand Aquifer = Dune Sand Aquifer, (L) = Lower interval in 180-Foot Aquifer, WL = Water Level, WQ = Water Quality, IN = Induction Logging, C = Continuous, A = Annual 
Source: Monterey Peninsula Water Supply Project (HWG 2016); Integrated Coastal Groundwater Monitoring Plan (MCRWA 2019)  
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TABLE 5-4. WELL INFORMATION AND DATA COLLECTED FOR WELLS IN THE DEEP AQUIFER 

Well Name Latitude Longitude Well Use Depth (ft 
bgs) 

Elevation  
(ft 

NAVD88) 

Top of Perfs 
(ft bgs) 

Bottom of 
Perfs 

(ft bgs) 

Data 
Collected 

Collection 
Frequency 

DMW1-1 36.69917 -121.80750 Monitoring 960 60 930 950 WL, WQ C, P 

DMW1-2 36.69917 -121.80750 Monitoring 1070 60 1040 1060 WL, WQ C, P 

DMW1-3 36.69917 -121.80750 Monitoring 1440 60 1410 1430 WL, WQ C, P 

DMW1-4 36.69917 -121.80750 Monitoring 1890 60 1820 1860 WL, WQ, IN C, P, A 

DMW2-S 36.69917 -121.80750 Monitoring 1100 142 1040 1090 WL C 

DMW2-D 36.69917 -121.80750 Monitoring 1740 142 1680 1730 WL, IN C, A 

MCWD Well #10 TBD TBD Production 1500 153 930 1540 WL, WQ P, A 

MCWD Well #11 TBD TBD Production 1700 155 970 1650 WL, WQ P, A 

MCWD Well #12 TBD TBD Production 2023 109 1410 1960 WL, WQ P, A 

25973 TBD TBD Production 1780 132 1030 1780 WQ A 

21655 TBD TBD Production 825 105 670 805 WQ A 

22755 TBD TBD Production 1573 25 1450 1450 WQ A 

2691 TBD TBD Production 870 29 666 834 TBD TBD 

1672 TBD TBD Production 1560 6 880 1540 WL M 
Notes:  
Latitude and longitude in decimal degrees; Perfs = Perforations 
Ft = feet, bgs = below ground surface; NAVD88 = North American Vertical Datum of 1988 
WL = Water Level, WQ = Water Quality, IN = Induction Logging, C = Continuous, P = Periodic, A = Annual 
Source: Geohydrology of a Deep-Aquifer System Monitoring-Well Site (Hanson et al. 2002); Integrated Coastal Groundwater Monitoring Plan (MCRWA 2019) 
 



City of
Marina GSA

MCWD GSA Area

Salinas
Valley

Basin GSA

M:
\M

ari
na

\G
IS\

Fo
rm

ati
on

La
ye

rs\
MX

D\
Ch

ap
ter

5\F
ig5

-01
_G

SA
s_

Ov
erl

ap
Ar

ea
s.m

xd

DATE: DEC, 31, 2019

0 2.5 5

Miles

Groundwater Sustainability Plan for the City of Marina GSA Area of the 180/400 Foot Aquifer Subbasin

FIGURE 5-1
Jurisdictional Areas Covered By GSAs

Legend
City of Marina GSA (MGSA) Area
Marina Coast Water District (MCWD) GSA
Area
Salinas Valley Basin GSA Area

180/400 Foot Aquifer Subbasin
Salinas Valley Groundwater Basin
City of Marina

  

  

Sources: ESRI Map Service Imagery,
https://sgma.water.ca.gov/portal/gsa,
montereycountyopendata



!?

!?

!?

!?

!?

"

"

!A !A
!A

!A

!A

!A

!A

!A
#

#

#

##

GG

G G

!A!A

X

X

"

GG

X
X X

X X
X X

!A

!A

!A

MW-1
MW-3

MW-4

MW-7

MW-5

MW-6

MW-9

MW-8

MCWD MW #4
MCWD MW #5

MW-BW-84-A

MW-BW-76-A
MW-BW-B3-A

MW-BW-54-180

MW-OU1-02-180

MW-OU1-01-180
MW-OU1-03-180

DMW-1

DMW-2

MW-A

MW-B

MW-E

MW-C

MW-D

239

2718

2791

1466

1032

1672

22755

2691

21655

25973

14530
14531

MCWD DMW-1
MCWD DMW-2

MCWD #2 MCWD #1

Airfield

MW-B-05-180

21667

Well 12

Well 11

Well 10

\\s
a\m

\M
ari

na
\G

IS\
Fo

rm
ati

on
La

ye
rs\

MX
D\

Ch
ap

ter
5\F

ig5
-02

_M
PW

SP
_W

ell
Lo

cs
_2

01
91

00
1u

pd
ate

.m
xd

DATE: DEC. 30, 2019

0 0.5 1

Miles

±

Groundwater Sustainability Plan for the City of Marina GSA Area of the 180/400 Foot Aquifer Subbasin

FIGURE 5-2
 Locations of Wells in the MGSA GSP Monitoring Network
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quartz, feldspar, amphibole, and other.

SAND (SP): yellowish brown  (10YR 5/4)  and  brownish yellow
(10YR 6/6), 100% medium to coarse grained sand, subangular to
subrounded, trace fine grained; trace silt; well sorted; contains quartz,
feldspar, and amphibole.

SAND (SP): yellowish brown  (10YR 5/4), 100% fine to coarse grained
sand, subangular to subrounded; trace silt; well sorted; contains
quartz, feldspar, and amphibole.

SAND (SP): pale brown  (10YR 6/3), 100% fine to medium grained
sand, subangular to subrounded; well sorted; contains quartz,
feldspar, and amphibole; predominantly quartz; coarser with depth.
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J. Sobolew
DRILLING
RIG TYPE ProSonic 600T

TOC
ELEVATION

FINISH
DATE

Core

9.875, 8 in

DRILLING
METHOD

Cement pedestal

PVC

PVC

PVC

BOTTOM DEPTH
(ft bgs)

MATERIAL

BOREHOLE
DIAMETER

WALL
THICKNESS (in.)

LOGGED BY

SCREEN /
BLANK

SAMPLING
METHOD

START
DATE

27.86 ft NAVD88

30.51 ft NAVD88 (RP)

DRILLING CONTRACTOR
DRILLER

TOP DEPTH
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LENGTH
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TYPE
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CEMEX
Monterey

Lapis Lustre
#60 fine sand

seal (41-44.5 ft
bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack

(44.5-98 ft
bgs)

4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots (55-95 ft

bgs)

25

8.75

SAND WITH GRAVEL (SP): light yellowish brown  (10YR 6/4), 75%
fine to coarse grained sand, subangular to subrounded; 25% fine
gravel up to 15 mm, subangular to subrounded; well sorted; contains
quartz, feldspar, mica, amphibole, and other; abundance of minerals.

SAND (SP): light olive brown  (2.5Y 5/3), 95% fine to medium grained
sand, subangular; 5% silt; well sorted; contains quartz, feldspar, mica,
amphibole, and other; high content of dark minerals.

SAND (SP): olive brown  (2.5Y 4/3), 95% sand, subangular, very fine
to fine grained; 5% silt; well sorted; contains quartz, feldspar, and
mica; high mica content.

SAND (SP): olive  (5Y 4/3)  and  olive  (5Y 4/4), 100% sand,
subangular, very fine to fine grained; trace silt; well sorted; contains
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Blank casing
with end cap

(95-97.5 ft
bgs)

TD 98 ft bgs

8.75

10

quartz, feldspar, and mica; high mica content.

SAND (SP): olive  (5Y 4/4), 90% fine to coarse grained sand,
subangular to subrounded; 5% fine gravel up to 10 mm, subangular to
subrounded; 5% silt; medium sorted; contains quartz, feldspar, mica,
and amphibole.

SAND WITH GRAVEL (SP): light olive brown  (2.5Y 5/4), 75% fine to
coarse grained sand, subangular to subrounded; 25% fine to coarse
gravel up to 42 mm, subangular to subrounded; medium sorted;
contains quartz, feldspar, mica, and amphibole.

SAND (SP): light olive brown  (2.5Y 5/3), 95% fine to medium grained
sand, subangular; 5% silt; well sorted; contains quartz, feldspar, mica,
and amphibole; high mica content.

SAND WITH GRAVEL (SP): yellowish brown  (10YR 5/8), 85% fine to
coarse grained sand, subangular to subrounded; 15% fine gravel up
to 15 mm, subangular to subrounded; medium sorted; contains
quartz, feldspar, and amphibole.
SAND WITH SILT (SP-SM): pale olive  (5Y 6/3), 90% fine to medium
grained sand, subangular to subrounded, trace coarse; 10% silt; trace
fine gravel subangular to subrounded; well sorted; contains quartz,
feldspar, mica, and amphibole.

Bottom of borehole at 98 feet.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.48 ft ags -
114.79 ft bgs)

Neat cement
(0-100.2 ft

bgs)

10.75 in.
borehole (0-27

ft bgs)

9.875 in.
borehole

(27-147 ft bgs)

SAND (SP): dark yellowish brown  (10YR 4/4), 100% fine to coarse
grained sand, subangular to subrounded; trace silt; contains quartz,
feldspar, and amphibole.

SAND (SP): yellowish brown  (10YR 5/4), 100% fine to coarse grained
sand, subangular to subrounded; trace clay, dark, low plasticity.

SAND (SP): brownish yellow  (10YR 6/6)  and  brown  (10YR 4/3),
100% medium to coarse grained sand, subangular to subrounded;
trace silt; contains quartz, feldspar, and amphibole; grades finer with
depth.

SAND (SP): pale brown  (10YR 6/3), 100% fine to coarse grained
sand, subangular to subrounded; contains quartz, feldspar, and
amphibole.

A. Patricio

Sch 80

Sch 80

Sch 80

Cement pedestal

Stickup 2.48
ft ags

Blank

Screen

Blank

-2.48

114.79

224.79
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224.79

227.5

0.04

REPORT DATE

PERF. SIZE
(in.)

SURFACE
ELEVATION

1/24/15

Sonic

1/20/15

Cascade Drilling

DIAMETER
(in.)

J. Sobolew
DRILLING
RIG TYPE ProSonic 600T

TOC
ELEVATION

FINISH
DATE

Core

10.75, 9.875, 8 in

DRILLING
METHOD
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PVC

PVC

PVC

BOTTOM DEPTH
(ft bgs)
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BOREHOLE
DIAMETER
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SCREEN /
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METHOD
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DATE
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TYPE
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30

13.3

SAND (SP): pale brown  (10YR 6/3), 95% fine to coarse grained
sand, subangular to subrounded; 5% fine gravel subangular to
subrounded; contains quartz, feldspar, and amphibole.

SAND WITH GRAVEL (SP): light yellowish brown  (10YR 6/4), 80%
fine to coarse grained sand, subangular to subrounded; 20% fine
gravel up to 12 mm, subangular to subrounded; contains quartz,
feldspar, mica, and amphibole; high amphibole content.

SAND (SP): light olive brown  (2.5Y 5/3), 95% fine to medium grained
sand, subangular; 5% silt; contains quartz, feldspar, mica, and
amphibole; high dark mineral content.

SAND (SP): olive brown  (2.5Y 4/3), 95% sand, subangular, very fine
to fine grained; 5% silt; well sorted; contains quartz, mica, and
amphibole; high mica content.

SAND (SP): olive brown  (2.5Y 4/3), 100% sand, subangular, very fine
to fine grained; trace silt; well sorted; contains quartz, mica, and
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CEMEX
Monterey #60
fine sand seal
(100.2-104 ft

bgs)

CEMEX
Monterey #3

filter pack
(104-227.5 ft

bgs)

13.3

amphibole; high mica content.

SAND (SP): light olive brown  (2.5Y 5/3), 95% fine to coarse grained
sand, subangular to subrounded, predominantly medium to coarse
sand; 5% fine gravel subangular to subrounded; contrains feldspar,
amphibole, and trace quartz.

SAND WITH GRAVEL (SP): yellowish red  (5YR 5/6), 80% fine to
coarse grained sand, subangular to subrounded; 20% fine gravel up
to 10 mm, subangular to subrounded; contains quartz, feldspar, mica,
and amphibole.

SAND (SP): dark yellowish brown  (10YR 4/4), 95% sand, subangular,
very fine to fine grained; 5% silt; well sorted; contains quartz, feldspar,
mica, and amphibole.

SAND WITH GRAVEL (SP): light olive brown  (2.5Y 5/4), 80% fine to
coarse grained sand, subangular to subrounded; 20% fine to coarse
gravel up to 45 mm, subangular to subrounded; trace cobbles;
contains quartz, feldspar, mica, and amphibole.

SAND (SP): light olive brown  (2.5Y 5/3), 100% fine to medium
grained sand, subangular; contains quartz, feldspar, mica, and
amphibole; grades finer with depth; high mica content.

SAND WITH SILT (SP-SM): brown  (10YR 4/3), 90% fine grained
sand, subangular to subrounded, trace coarse grains; 10% silt; well
sorted; contains quartz, feldspar, mica, and amphibole.
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4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots

(114.79-224.79
ft bgs)

8 in. borehole
(147-227.5 ft

SAND (SP): brownish yellow  (10YR 6/6)  and  gray  (5Y 6/1), 100%
fine to coarse grained sand, subangular to subrounded; trace silt;
contains quartz, feldspar, and amphibole; iron oxidation.

SILTY SAND (SM): strong brown  (7.5YR 5/6), 85% fine to medium
grained sand, subrounded, predominately fine sand; 15% silt;
contains quartz, feldspar, mica, and amphibole.

SILTY SAND (SM): light yellowish brown  (10YR 6/4), 75% fine
grained sand, subangular; 25% silt; well sorted; contains quartz,
feldspar, mica, and amphibole.

SAND (SP): reddish yellow  (7.5YR 6/8), 85% fine to coarse grained
sand, angular to subangular; 10% fine to coarse gravel angular to
subangular; 5% clay, low plasticity.

CLAYEY SAND (SC): pale olive  (5Y 6/3), 85% fine grained sand,
subangular; 15% clay, low plasticity; contains quartz, and amphibole.

SAND WITH GRAVEL (SP): brown  (7.5YR 5/4), 80% fine to coarse
grained sand, subangular to subrounded; 15% fine to coarse gravel
subangular to subrounded; 5% clay, low to medium plasticity, clay
balls.

SILTY SAND (SM): dark yellowish brown  (10YR 4/4), 85% fine to
medium grained sand, subrounded; 15% silt; contains quartz,
feldspar, and amphibole; high dark mineral content.

FAT CLAY WITH SAND (CH): light olive brown  (2.5Y 5/4)  and  pale
olive  (5Y 6/3), 85% clay, medium plasticity; 15% fine to medium
grained sand, subangular; contains quartz, mica, and amphibole.
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bgs)

CLAYEY SAND (SC): light olive brown  (2.5Y 5/4), 80% fine to
medium grained sand, subangular; 20% clay, low plasticity; contains
quartz, mica, and amphibole.

CLAYEY SAND (SC): dark yellowish brown  (10YR 4/4), 75% fine to
medium grained sand, subangular to subrounded; 25% clay, low
plasticity; contains quartz, feldspar, and amphibole.

SAND (SP): dark yellowish brown  (10YR 4/4), 95% fine to medium
grained sand, subangular, trace coarse sand; 5% silt.

CLAYEY SAND (SC): yellowish red  (5YR 4/6)  and  olive gray  (5Y
4/2), 85% fine to medium grained sand, subangular to subrounded;
15% clay, low plasticity; weak cementation; contains quartz, feldspar,
and amphibole; high dark mineral content.

SAND (SP): dark brown  (10YR 3/3), 95% fine to medium grained
sand, subangular to subrounded; 5% silt; weak cementation; contains
quartz, feldspar, and amphibole; high dark mineral content.
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Blank casing
with end cap

(224.79-227.5
ft bgs)

TD 227.5 ft
bgs

SAND WITH SILT (SP-SM): dark brown  (10YR 3/3), 90% fine to
medium grained sand, subangular to subrounded; 10% silt; contains
quartz, feldspar, and amphibole; high dark mineral content.

SILT (ML): light olive brown  (2.5Y 5/3), 100% silt, brittle.

SAND WITH CLAY (SP-SC): pale olive  (5Y 6/3), 85% fine to coarse
grained sand, subangular; 10% clay, low plasticity; 5% fine gravel
subangular, trace coarse gravel; contains quartz, feldspar, mica, and
amphibole.

CLAYEY SAND (SC): light olive gray  (5Y 6/2), 75% fine to coarse
grained sand, subangular to subrounded; 15% clay, low plasticity;
10% fine to coarse gravel subangular to subrounded.

SAND (SP): olive  (5Y 5/3)  and  light olive gray  (5Y 6/2), 95% fine to
coarse grained sand, subangular to subrounded; 5% silt; contains
quartz, feldspar, mica, and amphibole; predominantly quartz.

SILT (ML): light olive brown  (2.5Y 5/4), 100% silt, low plasticity;
contains mica.

Bottom of borehole at 227.5 feet.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.65 ft ags -
277 ft bgs)

Neat cement
(0-263 ft bgs)

10.75 in.
borehole (0-97

ft bgs)

hand
auger

32.7

40

SAND (SP): brown  (10YR 4/3), 95% medium to coarse grained sand,
subrounded; 5% fine to coarse gravel up to 22 mm, subrounded;
trace silt; medium to well sorted; moist sample; contains quartz,
feldspar, and other.

SAND (SP): dark yellowish brown  (10YR 4/4), 100% fine to coarse
grained sand, subangular to subrounded; trace fine gravel up to 6
mm, subangular to subrounded; well sorted; moist sample; contains
quartz, feldspar, amphibole, and other.

SAND (SP): yellowish brown  (10YR 5/4), 100% fine to coarse grained
sand, subangular to subrounded; trace clay, clay balls; well sorted;
moist sample; contains quartz, feldspar, amphibole, and other.

SAND (SP): brown  (7.5YR 4/4), 100% fine to coarse grained sand,
subangular to subrounded; trace clay, clay balls; well sorted; moist
sample; contains quartz, feldspar, amphibole, and other.

SAND (SP): dark grayish brown  (10YR 4/2), 100% fine to coarse
grained sand, subangular to subrounded; trace cobbles; trace coarse
gravel up to 63 mm, subangular to subrounded; well sorted; moist
sample; contains quartz, feldspar, amphibole, and other.

SAND (SP): yellowish brown  (10YR 5/4), 100% fine to coarse grained
sand, subangular to subrounded; trace silt; well sorted; moist sample;
contains quartz, feldspar, and amphibole.

SAND (SP): yellowish brown  (10YR 5/4)  and  brown  (10YR 4/3),
100% fine to coarse grained sand, subangular to subrounded; trace
silt; well sorted; moist sample; contains quartz, feldspar, amphibole,
and other.

SAND (SP): light olive brown  (2.5Y 5/4), 95% fine to medium grained
sand, subrounded; 5% clay, in layers, low plasticity; trace silt; medium
to well sorted; moist sample; contains quartz, feldspar, amphibole,
and other.

SAND (SP): yellowish brown  (10YR 5/4), 100% fine to medium
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1

2

3

4

40

grained sand, subrounded; trace silt; well sorted; moist sample;
contains quartz, feldspar, amphibole, and other.

SAND (SP): pale brown  (10YR 6/3), 100% fine to coarse grained
sand, angular to subangular; well sorted; moist sample; contains
quartz, feldspar, mica, amphibole, and other.

SAND (SP): pale brown  (10YR 6/3), 100% fine to coarse grained
sand, angular to subangular; well sorted; moist sample; contains
quartz, feldspar, mica, amphibole, and other; saturated at 41 ft bgs.

SAND WITH GRAVEL (SP): light yellowish brown  (10YR 6/4), 85%
fine to coarse grained sand, subangular to subrounded; 15% fine to
coarse gravel up to 27 mm, subangular to subrounded; medium
sorted; saturated sample; contains quartz, feldspar, amphibole, and
other.

SAND (SP): light olive brown  (2.5Y 5/3), 95% fine to medium grained
sand, subangular to subrounded; 5% clay, clay balls, low plasticity;
trace fine gravel up to 5 mm, subangular to subrounded; poorly to
medium sorted; contains quartz, feldspar, mica, amphibole, and other.

SAND (SP): light olive brown  (2.5Y 5/3), 100% fine to coarse grained
sand, subangular to subrounded; trace fine gravel up to 5 mm,
subangular to subrounded; medium to well sorted; contains quartz,
feldspar, mica, amphibole, and other.

SAND (SP): brown  (10YR 4/3), 100% fine grained sand, subrounded;
trace silt; well sorted; contains quartz, feldspar, mica, amphibole, and
other.

SAND (SP): brown  (10YR 5/3), 90% fine to coarse grained sand,
subangular to subrounded; 10% fine gravel up to 10 mm, subangular
to subrounded; trace silt; poorly to medium sorted; contains quartz,
feldspar, mica, amphibole, and other; very fine sand with gravel and
trace silt at 69-70 ft bgs.
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5

9.875 in.
borehole

(97-247 ft bgs)

40

16.7

46.2

21.4

150

SILTY SAND (SM): olive brown  (2.5Y 4/3), 85% fine grained sand,
subangular to subrounded; 15% silt; well sorted; contains quartz,
feldspar, mica, amphibole, and other.

SAND (SP): light olive brown  (2.5Y 5/4), 95% fine to coarse grained
sand, angular to subangular; 5% silt; medium to well sorted; contains
quartz, feldspar, mica, amphibole, and other.

SILTY SAND (SM): olive brown  (2.5Y 4/3), 85% fine grained sand,
subangular to subrounded; 15% silt; well sorted; contains quartz,
feldspar, mica, amphibole, and other.

SAND WITH GRAVEL (SP): yellowish red  (5YR 5/6), 65% fine to
coarse grained sand, subangular to subrounded; 30% fine to coarse
gravel up to 55 mm, subangular to subrounded; 5% clay, low
plasticity; poorly sorted; contains quartz, amphibole, and other.

SAND WITH GRAVEL (SP): yellowish red  (5YR 5/6), 85% fine to
coarse grained sand, subangular to subrounded; 15% fine to coarse
gravel up to 22 mm, subangular to subrounded; trace clay; medium
sorted; contains quartz, feldspar, amphibole, and other.

SAND (SP): light olive brown  (2.5Y 5/4), 90% fine to coarse grained
sand, subangular to subrounded; 10% fine gravel up to 11 mm,
subangular to subrounded; trace clay; medium to well sorted; contains
quartz, feldspar, amphibole, and other.

SAND (SP): light olive brown  (2.5Y 5/4), 100% fine to medium
grained sand, subangular to subrounded; trace silt; well sorted;
contains quartz, feldspar, mica, and other.

SAND WITH GRAVEL (SP): light olive brown  (2.5Y 5/4), 85% fine to
coarse grained sand, subrounded; 15% fine to coarse gravel up to 32
mm, subrounded; trace clay; medium sorted; contains quartz,
feldspar, amphibole, and other.

SAND (SP): light olive brown  (2.5Y 5/3), 100% fine to medium
grained sand, subangular, grading finer towards bottom; trace clay;
well sorted; contains quartz, feldspar, mica, amphibole, and other.

SAND WITH SILT (SP-SM): brown  (10YR 4/3), 85% fine to coarse
grained sand, subangular to subrounded; 10% silt; 5% fine gravel up
to 6 mm, subangular to subrounded; medium sorted; contains quartz,
feldspar, mica, amphibole, and other.

SILTY SAND (SM): brown  (10YR 4/3)  and  olive brown  (2.5Y 4/3),
75% fine grained sand, subangular to subrounded; 25% silt; well
sorted; contains quartz, feldspar, mica, amphibole, and other; shells
from 106-109 ft bgs.

MPWSP MW-1D
WELL NUMBER

CLIENT
PROJECT NUMBER

Cal Am
14077-15

BOREHOLE LITHOLOGIC LOG (continued)
LOCATION

Marina, CA

True
Vertical
Depth
(feet)

75

80

85

90

95

100

105

110
Geoscience Support Services, Inc.

Depth
bgs

(feet)
(continued)

75

80

85

90

95

100

105

110

Sieve
Sample
Number

Drill
Rate
(ft/hr)

W
E

L
L

 C
O

N
S

T
R

U
C

T
IO

N
 L

O
G

  
M

P
W

S
P

 M
W

 T
M

 L
IT

H
 A

L
L

 W
E

L
L

S
.G

P
J
  

G
E

O
S

C
IE

N
C

E
.G

D
T

  
7

/7
/1

6

GEOSCIENCE
P.O. Box 220
Claremont, CA 91711
Telephone:  (909) 451-6650
Fax:  (909) 451-6638
www.gssiwater.com

Graphic
Log

Lithologic Log

NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.

APPENDIX C

C-19



6

7

8

150

19

17.1

SAND (SP): yellowish red  (5YR 5/8)  and  light yellowish brown  (2.5Y
6/4), 100% fine to coarse grained sand, subangular to subrounded;
trace silt; well sorted; contains quartz, feldspar, amphibole, and other;
yellowish red from 114.4-117 ft bgs.

SILTY SAND (SM): strong brown  (7.5YR 5/6)  and  yellowish brown
(10YR 5/4), 85% fine to medium grained sand, subrounded,
predominantly fine, pockets of coarse sand and trace gravel; 15% silt;
medium sorted; contains quartz, feldspar, mica, amphibole, and other.

SAND (SP): yellowish brown  (10YR 5/4), 85% fine to coarse grained
sand, angular to subangular; 10% fine gravel up to 5 mm, angular to
subangular; 5% silt; poorly to medium sorted; contains quartz,
feldspar, amphibole, and other.

CLAYEY SAND (SC): strong brown  (7.5YR 5/6), 80% fine grained
sand, subangular; 20% clay, low plasticity; well sorted; contains
quartz, amphibole, and other; with visible alteration.

SAND WITH CLAY AND GRAVEL (SP-SC): brown  (7.5YR 5/4)  and
yellowish red  (5YR 4/6), 75% fine to coarse grained sand, subangular
to subrounded; 15% fine to coarse gravel up to 61 mm, subangular to
subrounded; 10% clay, medium plasticity; medium sorted; contains
quartz, feldspar, mica, amphibole, and other.

SILTY SAND (SM): (2.5YR 6/3), 80% fine to coarse grained sand,
subangular to subrounded; 15% silt, low plasticity; 5% fine gravel up
to 5 mm, subangular to subrounded; medium sorted; contains quartz,
mica, and amphibole.

SILT (ML): brown  (7.5YR 5/4)  and  strong brown  (7.5YR 4/6), 95%
silt, low plasticity; 5% fine to medium grained sand, subangular; trace
clay, 140.2-147 ft bgs; contains quartz, and other.

FAT CLAY (CH): dark grayish brown  (2.5Y 4/2), 100% clay, high
plasticity; trace medium grained sand, subrounded; contains quartz,
and other.

CLAYEY SAND (SC): light olive brown  (2.5Y 5/4), 85% fine to
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medium grained sand, subangular; 15% clay, low plasticity; medium
sorted; contains quartz, amphibole, and other.

CLAYEY SAND (SC): dark yellowish brown  (10YR 4/4), 85% fine
grained sand, subangular; 15% clay, low to medium plasticity;
medium sorted; contains quartz, amphibole, and other.

SAND (SP): dark yellowish brown  (10YR 4/4), 95% fine to medium
grained sand, subangular, trace coarse; 5% silt; well sorted; contains
quartz, feldspar, amphibole, and other.

CLAYEY SAND (SC): yellowish red  (5YR 4/6)  and  olive gray  (5Y
4/2), 85% fine to medium grained sand, subangular to subrounded;
15% clay, low to high plasticity; medium sorted; contains quartz,
feldspar, amphibole, and other; with visible alteration.
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8.6

16

20

SILTY SAND (SM): dark brown  (10YR 3/3), 85% fine to medium
grained sand, subangular to subrounded, predominantly fine; 15% silt;
medium sorted; contains quartz, amphibole, and other.

FAT CLAY (CH): light olive brown  (2.5Y 5/3), 100% clay, high
plasticity; trace fine grained sand, subangular; contains quartz, and
other.

FAT CLAY WITH SAND (CH): olive yellow  (2.5Y 6/6), 85% clay,
medium to high plasticity; 15% fine to medium grained sand,
subangular; contains quartz, feldspar, mica, amphibole, and other.

FAT CLAY (CH): olive gray  (5Y 5/2), 100% clay, high plasticity; with
visible alteration.
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20

3.7

17

14.6

SANDY CLAY (CL): light olive gray  (5Y 6/2), 65% clay, low to
medium plasticity; 35% fine to medium grained sand, subangular;
contains quartz, mica, amphibole, and other.

SAND WITH GRAVEL (SP): light yellowish brown  (2.5Y 6/3), 55%
fine to coarse grained sand, subangular; 40% fine to coarse gravel up
to 46 mm, subangular, one large cobble; 5% clay; poorly sorted;
contains quartz, feldspar, mica, amphibole, and other.

FAT CLAY (CH): pale olive  (5Y 6/3)  and  dark gray  (N4), 100% clay,
high plasticity.

SANDY FAT CLAY (CH): light olive brown  (2.5Y 5/3), 60% clay,
medium to high plasticity; 30% fine to coarse grained sand,
subangular to subrounded; 10% fine to coarse gravel up to 53 mm,
subangular to subrounded; contains quartz, amphibole, and other.

CLAY WITH SAND (CL): olive gray  (5Y 5/2), 85% clay, medium
plasticity; 10% fine to coarse grained sand, subangular to
subrounded; 5% fine gravel up to 5 mm, subangular to subrounded;
contains quartz, feldspar, mica, amphibole, and other.

SAND WITH CLAY AND GRAVEL (SP-SC): light brownish gray  (2.5Y
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4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots (277-327

ft bgs)

14.6

6/2), 75% fine to coarse grained sand, subangular; 15% fine to coarse
gravel up to 19 mm, subangular; 10% clay, low to medium plasticity;
poorly sorted; contains quartz, feldspar, amphibole, and other;
predominantly quartz.

CLAYEY GRAVEL WITH SAND (GC): light yellowish brown  (10YR
6/4)  and  dark gray  (N4), 45% fine to coarse gravel up to 75 mm,
subangular; 40% fine to coarse grained sand, subangular; 15% clay,
low to medium plasticity; trace cobbles; poorly sorted; contains quartz,
feldspar, mica, amphibole, and other; trace cobbles to 81mm; chert.

FAT CLAY (CH): olive brown  (2.5Y 4/3), 100% clay, medium
plasticity, brittle; trace fine to medium grained sand, subangular to
subrounded.

SAND (SP): pale brown  (10YR 6/3), 90% fine to coarse grained
sand, subangular to subrounded; 10% fine gravel up to 7 mm,
subangular to subrounded; medium sorted; contains quartz, feldspar,
mica, amphibole, and other; some grading.

SAND WITH GRAVEL (SP): grayish brown  (10YR 5/2), 65% fine to
coarse grained sand, subangular to subrounded; 30% fine to coarse
gravel up to 21 mm, subangular to subrounded; 5% clay, low
plasticity; poorly sorted; contains quartz, feldspar, amphibole, and
other.

SANDY SILT (ML): brown  (7.5YR 5/4), 70% silt; 30% fine grained
sand, subrounded, very fine; contains quartz, feldspar, mica, and
other.

SAND (SP): light yellowish brown  (10YR 6/4), 95% fine to coarse
grained sand, subangular to subrounded; 5% fine gravel up to 5 mm,
subangular to subrounded; trace silt; medium sorted; contains quartz,
feldspar, mica, amphibole, and other.

SAND WITH CLAY AND GRAVEL (SW-SC): yellowish brown  (10YR
5/4), 65% medium to coarse grained sand, subangular to
subrounded, predominantly fine to medium; 25% fine to coarse gravel
up to 20 mm, subangular to subrounded; 10% clay, low plasticity;
poorly sorted; contains quartz, feldspar, mica, amphibole, and other.
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19

Blank casing
with end cap
(327-329.5 ft

bgs)

TD 337 ft bgs

14.6

7.9

SAND (SP): brown  (7.5YR 4/2), 95% fine to medium grained sand,
subrounded, predominantly very fine to fine; 5% silt; well sorted;
contains quartz, amphibole, and other.

SILT (ML): brown  (7.5YR 4/4), 100% silt, low plasticity; trace fine
grained sand, subrounded; contains quartz, mica, and other.

SAND (SP): brown  (10YR 5/3), 100% fine to medium grained sand,
subangular to subrounded; trace silt; well sorted; contains quartz,
mica, amphibole, and other.

FAT CLAY (CH): dark yellowish brown  (10YR 4/4)  and  olive gray
(5Y 5/2), 100% clay, high plasticity, brittle from 327-329.3 ft bgs.

Bottom of borehole at 337 feet.
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Neat cement
(0-37 ft bgs)

4 in. ID x Sch
80 wall blank
PVC casing

(+2.66 ft ags -
49.95 ft bgs)

8 in. borehole
(0-92.3 ft bgs)

NO SAMPLE: excavated material for first 2 ft.

SAND (SP): yellowish brown  (10YR 5/4), 100% fine to medium
grained sand, angular to subrounded; trace fine gravel up to 8 mm,
angular to subrounded; trace silt; well sorted; contains quartz,
feldspar, and amphibole.

SILTY SAND (SM): brown  (10YR 5/3), 80% fine to coarse grained
sand, subangular to subrounded; 20% silt; medium sorted; contains
quartz, feldspar, and amphibole.

SAND (SP): light yellowish brown  (10YR 6/4), 100% fine to coarse
grained sand, subangular to subrounded, predominantly fine to
medium grained; medium to well sorted; contains quartz, feldspar,
and amphibole.

SAND (SP): light yellowish brown  (10YR 6/4), 95% fine to medium
grained sand, subangular to subrounded, predominantly medium
grained; 5% silt; well sorted; contains quartz, feldspar, and amphibole.

SAND (SP): brownish yellow  (10YR 6/6), 100% fine to coarse grained
sand, subangular to subrounded, predominantly fine to medium
grained; trace silt; well sorted; contains quartz, feldspar, and
amphibole; predominantly quartz.

SILTY SAND (SM): brown  (10YR 5/3), 85% fine to medium grained
sand, subangular to subrounded; 15% silt; medium sorted; contains
quartz, feldspar, and amphibole.

SAND (SP): pale brown  (10YR 6/3), 100% fine to coarse grained
sand, angular to subangular, predominantly fine to medium grained;
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CEMEX
Monterey

Lapis Lustre
#60 fine sand
seal (37-40 ft

bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack

(40-92.3 ft
bgs)

4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots

(49.95-89.95 ft
bgs)

8.6

medium sorted; contains quartz, feldspar, and amphibole; water level
at approximately 33 ft bgs.

SAND (SP): pale brown  (10YR 6/3), 90% fine to coarse grained
sand, subangular to subrounded; 10% fine gravel subangular to
subrounded; medium sorted; contains quartz, feldspar, and
amphibole.

SAND (SP): light olive gray  (5Y 6/2), 90% fine to coarse grained
sand, subangular; 10% fine gravel; trace silt; medium sorted; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): olive  (5Y 5/3), 100% sand, subangular to subrounded,
very fine to fine grained; trace silt; well sorted; contains quartz,
feldspar, mica, and amphibole; high mica content.

SAND (SP): olive brown  (2.5Y 4/3), 95% sand, subrounded, fine to
very fine, trace medium grained; 5% silt; well sorted; contains quartz,
mica, and amphibole; high mica content.

MPWSP MW-3S
WELL NUMBER

CLIENT
PROJECT NUMBER

Cal Am
14077-15

BOREHOLE LITHOLOGIC LOG (continued)
LOCATION

Marina, CA

True
Vertical
Depth
(feet)

35

40

45

50

55

60

65

70
Geoscience Support Services, Inc.

Depth
bgs

(feet)
(continued)

35

40

45

50

55

60

65

70

Sieve
Sample
Number

Drill
Rate
(ft/hr)

W
E

L
L

 C
O

N
S

T
R

U
C

T
IO

N
 L

O
G

  
M

P
W

S
P

 M
W

 T
M

 L
IT

H
 A

L
L

 W
E

L
L

S
.G

P
J
  

G
E

O
S

C
IE

N
C

E
.G

D
T

  
7

/7
/1

6

GEOSCIENCE
P.O. Box 220
Claremont, CA 91711
Telephone:  (909) 451-6650
Fax:  (909) 451-6638
www.gssiwater.com

Graphic
Log

Lithologic Log

NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.

APPENDIX C

C-37



Blank casing
with end cap

(89.95-92.3 ft
bgs)

TD 92.3 ft bgs

8.6

16

SAND (SP): grayish olive (10Y 5/2), 95% fine to coarse grained sand,
subangular to subrounded; 5% fine gravel up to 7 mm, subangular to
subrounded; trace silt; poorly sorted; contains quartz, feldspar,
amphibole, and zircon.

SAND WITH SILT (SP-SM): light olive brown  (2.5Y 5/3), 90% fine
grained sand, angular to subangular; 10% silt; medium sorted;
contains quartz, feldspar, and amphibole.

Bottom of borehole at 92.3 feet.
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10.75 in.
borehole (0-16

ft bgs)

Neat cement
(0-92 ft bgs)

4 in. ID x Sch
80 wall blank
PVC casing

(+2.73 ft ags -
105 ft bgs)

9.875 in.
borehole

(16-146 ft bgs)

10

20

NO SAMPLE: excavated material first 2 ft.

SAND (SP): brown  (10YR 5/3), 100% fine to medium grained sand,
angular to subangular; well sorted; contains quartz, feldspar, and
amphibole.

SAND (SP): yellowish brown  (10YR 5/4), 100% fine to medium
grained sand, angular to subrounded; trace fine gravel up to 10 mm,
angular to subrounded; trace silt; well sorted; contains quartz,
feldspar, and amphibole.

SILTY SAND (SM): brown  (10YR 5/3), 80% fine to coarse grained
sand, subangular to subrounded; 20% silt; medium sorted; contains
quartz, feldspar, and amphibole.

SAND (SP): light yellowish brown  (10YR 6/4), 100% fine to coarse
grained sand, subangular to subrounded, predominantly fine to
medium sand; medium to well sorted; contains quartz, feldspar, and
amphibole.

SILTY SAND (SM): brown  (10YR 5/3), 80% fine to medium grained
sand, subangular to subrounded; 20% silt; medium sorted; contains
quartz, feldspar, and amphibole.

SAND (SP): light yellowish brown  (10YR 6/4), 95% fine to medium
grained sand, subangular to subrounded; 5% silt; well sorted; contains
quartz, feldspar, and amphibole.

SAND (SP): brownish yellow  (10YR 6/6), 100% fine to coarse grained
sand, subangular to subrounded, predominantly medium sand; trace
silt; well sorted; contains quartz, feldspar, and amphibole;
predominantly quartz.

SILTY SAND (SM): brown  (10YR 5/3), 85% fine to medium grained
sand, subangular to subrounded; 15% silt; medium sorted; contains
quartz, feldspar, and amphibole.

SAND (SP): pale brown  (10YR 6/3), 100% fine to coarse grained
sand, angular to subangular, predominantly fine to medium sand;
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20

medium sorted; contains quartz, feldspar, and amphibole; water level
at approximately 30 ft bgs.

SAND (SP): pale brown  (10YR 6/3), 95% fine to coarse grained
sand, subangular to subrounded; 5% fine gravel subangular to
subrounded; trace silt; medium sorted; contains quartz, feldspar, and
amphibole.

SAND (SP): light olive gray  (5Y 6/2), 100% fine to coarse grained
sand, subangular; trace silt; medium sorted; contains quartz, feldspar,
mica, and amphibole.

SAND (SP): olive  (5Y 5/3), 100% fine grained sand, subangular to
subrounded, very fine to fine sand; trace silt; well sorted; contains
quartz, feldspar, mica, and amphibole; high biotite mica content.

SAND (SP): olive brown  (2.5Y 4/3), 95% sand, subrounded, very fine
to fine and trace medium sand; 5% silt; well sorted; contains quartz,
mica, and amphibole; high mica content.
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CEMEX
Monterey

Lapis Lustre
#60 fine sand
seal (92-94 ft

bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack
(94-218.5 ft

bgs)

4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots (105-215

ft bgs)

10

SAND (SP): grayish olive (10Y 5/2), 100% fine to coarse grained
sand, subangular to subrounded; trace fine gravel up to 7 mm,
subangular to subrounded; trace silt; poorly sorted; contains feldspar;
contains quartz, feldspar, amphibole, and zircon.

SAND (SP): light yellowish brown  (2.5Y 6/4), 95% fine to coarse
grained sand, subangular to subrounded, predominantly medium to
coarse sand; 5% fine gravel up to 9 mm, subangular to subrounded;
trace silt; medium sorted; contains quartz, feldspar, mica, and
amphibole.

SAND WITH SILT (SP-SM): light olive brown  (2.5Y 5/3), 90% fine
grained sand, angular to subangular; 10% silt; well sorted; contains
quartz, feldspar, and amphibole; contains shells.

SAND (SP): light yellowish brown  (2.5Y 6/3), 85% fine to coarse
grained sand, subangular to subrounded; 10% fine gravel up to 12
mm, subangular to subrounded; 5% silt; medium sorted; contains
quartz, feldspar, and amphibole; alternates grain size from fine to
medium to fine to coarse to fine to medium from 96 to 107 ft bgs.

SILTY SAND (SM): light olive brown  (2.5Y 5/3), 80% fine grained
sand, angular to subangular; 20% silt; contains quartz, feldspar, mica,
and amphibole; contains shells from 114 to 116 ft.
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8 in. borehole
(146-230 ft

bgs)

10

SAND (SP): light olive brown  (2.5Y 5/3)  and  olive  (5Y 5/4), 95%
fine to medium grained sand, subangular to subrounded, trace coarse
sand; 5% clay; well sorted; contains quartz, feldspar, and amphibole;
10% fine to coarse gravel from 116 to 119 ft; becomes finer with
increasing depth; oxidation.

FAT CLAY (CH): olive  (5Y 5/3), 100% clay, medium plasticity.

SAND (SP): light gray  (2.5Y 7/2), 95% fine to medium grained sand,
subangular to subrounded, trace coarse sand; 5% silt; well sorted;
contains some amphibole but predominantly quartz; oxidation.

CLAYEY SAND (SC): light olive brown  (2.5Y 5/4), 75% fine grained
sand, subangular; 25% clay; medium to well sorted; contains quartz,
mica, and amphibole.

SILTY SAND (SM): pale olive  (5Y 6/3), 80% fine to coarse grained
sand, subangular to subrounded; 15% silt; 5% fine gravel up to 10
mm, subangular to subrounded; poorly to medium sorted; contains
quartz, feldspar, mica, and amphibole.

CLAYEY SAND (SC): pale olive  (5Y 6/3), 85% fine grained sand,
subangular to subrounded; 15% clay, low plasticity; well sorted;
contains quartz, feldspar, and amphibole.

CLAYEY SAND WITH GRAVEL (SC): dark yellowish brown  (10YR
4/4), 65% fine to coarse grained sand, subangular to subrounded;
20% clay, low plasticity; 15% fine to coarse gravel up to 20 mm,
subangular to subrounded; poorly sorted; contains quartz, feldspar,
and amphibole; gravel grades finer with depth.

SAND WITH CLAY AND GRAVEL (SP-SC): pale olive  (5Y 6/3), 70%
fine to coarse grained sand, subangular to subrounded; 20% fine to
coarse gravel up to 20 mm, subangular to subrounded; 10% clay;
poorly to medium sorted; contains quartz, feldspar, and amphibole.

SAND WITH SILT (SP-SM): yellowish brown  (10YR 5/6), 90% fine
grained sand, subrounded; 10% silt; well sorted; contains quartz,
feldspar, and amphibole.
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12

SAND (SP): dark yellowish brown  (10YR 4/6), 95% sand, subangular
to subrounded, fine to very fine sand; 5% silt; well sorted; weak
cementation; contains quartz, feldspar, and amphibole.

FAT CLAY (CH): brown  (10YR 4/3), 100% clay, high plasticity; trace
fine grained sand; up to 10% fine to medium sand from 165 to 166 ft
bgs.

SAND WITH SILT (SP-SM): pale olive  (5Y 6/3), 90% fine to medium
grained sand, subangular to subrounded; 10% silt; well sorted;
contains quartz, mica, and amphibole.

SAND (SP): olive  (5Y 5/3), 95% fine to medium grained sand; 5%
silt; well sorted; contains quartz, mica, and amphibole; interbeds of
medium to high plasticity.

SAND (SP): pale olive  (5Y 6/3), 95% fine to medium grained sand,
subangular to subrounded, interbeds of coarse sand; 5% silt; well
sorted; contains quartz, feldspar, mica, and amphibole.

SAND (SP): dark yellowish brown  (10YR 4/4), 100% fine to medium
grained sand, subangular to subrounded; trace silt; well sorted; weak
cementation; contains quartz, mica, and amphibole; high dark mineral
content.
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Blank casing
with end cap

(215-217.345
ft bgs)

Backfill with
native material

(218.5-230 ft
bgs)

TD 230 ft bgs

12

CLAYEY SAND (SC): brown  (7.5YR 4/4), 70% fine grained sand,
subrounded; 30% clay, low plasticity; well sorted; weak cementation;
contains quartz, feldspar, and amphibole.

SANDY CLAY (CL): yellowish brown  (10YR 5/6), 60% clay, low to
medium plasticity; 40% fine grained sand, subangular to subrounded;
contains quartz, feldspar, and amphibole.

CLAYEY SAND (SC): dark yellowish brown  (10YR 4/6), 65% fine
grained sand, subangular to subrounded; 35% clay, low plasticity; well
sorted; contains quartz, feldspar, and amphibole; high content dark
mineral content.

SILTY SAND (SM): brown  (10YR 5/3), 60% fine grained sand,
subangular to subrounded; 40% silt; well sorted; weak cementation;
contains quartz, feldspar, and amphibole; high dark mineral content.

SAND WITH SILT (SP-SM): olive brown  (2.5Y 4/3), 90% fine to
medium grained sand, subangular to subrounded; 10% silt; well
sorted; weak cementation; contains quartz, feldspar, and amphibole;
high dark mineral content; oxidation.

SANDY CLAY (CL): olive brown  (2.5Y 4/3), 70% clay, low to high
plasticity; 30% fine to medium grained sand, subangular to
subrounded; contains quartz, feldspar, and amphibole.

CLAY (CL): olive  (5Y 5/3), 100% clay, medium plasticity; oxidation
from 213 to 214.5 ft.

SAND (SP): pale olive  (5Y 6/3), 95% fine to coarse grained sand,
subangular to subrounded; 5% silt; trace gravel subangular to
subrounded; medium sorted; contains quartz, feldspar, mica, and
amphibole.

SAND (SP): olive  (5Y 4/3), 90% fine to coarse grained sand,
subangular to subrounded; 5% fine gravel subangular to subrounded;
5% silt; well sorted; contains quartz, feldspar, mica, and amphibole.

SAND (SP): light olive gray  (5Y 6/2), 85% fine to coarse grained
sand, angular to subrounded; 10% fine gravel up to 16 mm, angular to
subrounded; 5% silt; medium sorted; contains quartz, feldspar, mica,
and amphibole.

SILT WITH SAND (ML): olive  (5Y 5/3), 85% silt; 15% fine to medium
grained sand, subrounded; contains quartz.

SANDY SILT (ML): light olive brown  (2.5Y 5/4), 70% silt; 30% fine to
medium grained sand, subangular to subrounded; contains quartz,
feldspar, mica, and amphibole.

Bottom of borehole at 230 feet.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.74 ft ags -
285 ft bgs)

Neat cement
(0-272 ft bgs)

10.75 in.
borehole (0-97

ft bgs)

12

22

NO SAMPLE: excavated material recompacted for first 2 ft.

SAND (SP): brown  (10YR 5/3), 100% fine to medium grained sand,
angular to subangular; well sorted; dry sample; contains quartz,
feldspar, amphibole, and other.

SAND (SP): yellowish brown  (10YR 5/4), 100% fine to medium
grained sand, angular to subrounded; trace fine gravel up to 10 mm,
angular to subrounded; trace silt; well sorted; dry sample; contains
quartz, feldspar, amphibole, and other.

SILTY SAND (SM): brown  (10YR 5/3), 80% fine to coarse grained
sand, subangular to subrounded; 20% silt; medium sorted; moist
sample; contains quartz, feldspar, amphibole, and other.

SAND (SP): light yellowish brown  (10YR 6/4), 100% fine to coarse
grained sand, subangular to subrounded, predominantly fine to
medium grains; medium to well sorted; dry sample; contains quartz,
feldspar, amphibole, and other.

SILTY SAND (SM): brown  (10YR 5/3), 85% fine to medium grained
sand, subangular to subrounded; 15% silt; medium sorted; moist
sample; contains quartz, feldspar, amphibole, and other.

SAND (SP): light yellowish brown  (10YR 6/4), 95% fine to medium
grained sand, subangular to subrounded; 5% silt; well sorted; dry
sample; contains quartz, feldspar, amphibole, and other.

SAND (SP): brownish yellow  (10YR 6/6), 100% fine to coarse grained
sand, subangular to subrounded, predominantly medium grains; trace
silt; well sorted; moist sample; contains quartz, amphibole, and other.

SAND WITH SILT (SP-SM): brown  (10YR 5/3), 90% fine to medium
grained sand, subangular to subrounded; 10% silt; medium sorted;
moist sample; contains quartz, feldspar, amphibole, and other.

SAND (SP): pale brown  (10YR 6/3), 100% fine to coarse grained
sand, angular to subangular; medium sorted; wet sample; contains

A. Patricio
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22

quartz, feldspar, amphibole, and other.

SAND (SP): pale brown  (10YR 6/3), 95% fine to coarse grained
sand, angular to subangular; 5% fine gravel up to 5 mm, angular to
subangular; trace silt; medium to well sorted; wet sample; contains
quartz, feldspar, amphibole, and other; 10% gravel from 50.1-50.2 ft
bgs.

SAND (SP): light olive gray  (5Y 6/2), 100% fine to coarse grained
sand, subangular; trace silt; medium to well sorted; wet sample;
contains quartz, feldspar, mica, amphibole, and other; fine to medium
sand (52.4 to 54.6 ft bgs) grading to coarse sand (54.6 to 60.7 ft bgs).

SAND (SP): olive  (5Y 5/3), 100% sand, subangular to subrounded,
very fine to fine; trace silt; well sorted; moist sample; contains quartz,
feldspar, mica, amphibole, and other; high mica and biotite content.

SAND (SP): olive brown  (2.5Y 4/3), 95% sand, subrounded, very fine
to fine with trace medium grains; 5% silt; well sorted; wet sample;
contains quartz, mica, amphibole, and other; high mica content.
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2

3

9.875 in.
borehole

(97-247 ft bgs)

SAND (SW): grayish olive (10Y 5/2), 100% fine to coarse grained
sand, subangular to subrounded; trace fine gravel up to 7 mm,
subangular to subrounded; trace silt; poorly sorted; moist sample;
contains quartz, mica, amphibole, and other; contains zircons.

SAND (SP): light yellowish brown  (2.5Y 6/4), 95% fine to coarse
grained sand, subangular to subrounded, predominantly medium to
coarse grains; 5% fine gravel up to 17 mm, subangular to
subrounded; trace silt; medium sorted; wet sample; contains quartz,
feldspar, mica, amphibole, and other.

SAND WITH SILT (SP-SM): light olive brown  (2.5Y 5/3), 90% fine
grained sand, angular to subangular; 10% silt; well sorted; wet
sample; contains quartz, feldspar, amphibole, and other.

SAND (SP): light yellowish brown  (2.5Y 6/3), 90% fine to coarse
grained sand, subangular to subrounded; 5% fine gravel up to 15 mm,
subangular to subrounded; 5% silt; medium sorted; wet sample;
contains quartz, feldspar, amphibole, and other.

SAND (SP): pale olive  (5Y 6/3), 95% fine to medium grained sand,
subangular to subrounded; 5% silt; well sorted; moist sample;
contains quartz, feldspar, mica, amphibole, and other.

SAND WITH SILT (SP-SM): olive  (5Y 5/3), 90% sand, angular to
subangular, very fine to fine; 10% silt; well sorted; moist sample;
contains quartz, feldspar, amphibole, and other.
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5

20

15

SAND (SP): light olive brown  (2.5Y 5/3)  and  pale olive  (5Y 6/3),
95% fine to medium grained sand, subangular to subrounded; 5% silt;
well sorted; contains quartz, feldspar, amphibole, and other; pale olive
from 112.5 to 117 ft.

SAND (SP): light gray  (2.5Y 7/2), 95% fine to medium grained sand,
subangular to subrounded, trace coarse; 5% silt; well sorted; contains
quartz, and amphibole; predominantly quartz.

CLAYEY SAND (SC): light olive brown  (2.5Y 5/4), 85% fine grained
sand, subangular; 15% clay, low plasticity; well sorted; contains
quartz, mica, amphibole, and other.

SILTY SAND (SM): pale olive  (5Y 6/3), 80% fine to coarse grained
sand, subangular to subrounded; 15% silt; 5% fine gravel up to 38
mm, subangular to subrounded; poorly to medium sorted; contains
quartz, feldspar, mica, and amphibole.

CLAYEY SAND (SC): pale olive  (5Y 6/3), 85% fine grained sand,
subangular to subrounded; 15% clay, low plasticity; well sorted;
contains quartz, feldspar, and amphibole.

CLAYEY SAND WITH GRAVEL (SC): dark yellowish brown  (10YR
4/4), 65% fine to coarse grained sand, subangular to subrounded;
20% clay, low plasticity; 15% fine to coarse gravel up to 20 mm,
subangular to subrounded; poorly sorted; contains quartz, feldspar,
amphibole, and other.

CLAY (CH): light olive brown  (2.5Y 5/3), 100% clay, high plasticity.

SAND WITH CLAY AND GRAVEL (SP-SC): pale olive  (5Y 6/3), 70%
fine to coarse grained sand, subangular to subrounded; 20% fine to
coarse gravel up to 20 mm, subangular to subrounded; 10% clay, low
to medium plasticity; poorly to medium sorted; contains quartz,
feldspar, amphibole, and other.

SAND WITH GRAVEL (SP): light olive gray  (5Y 6/2), 75% fine to
coarse grained sand, subangular to subrounded; 25% fine to coarse
gravel; medium sorted; contains quartz, feldspar, amphibole, and
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6

15

other.

SAND WITH SILT (SP-SM): yellowish brown  (10YR 5/6), 90% sand,
subrounded, very fine to fine; 10% silt; well sorted; contains quartz,
feldspar, amphibole, and other.

SAND (SP): dark yellowish brown  (10YR 4/6), 95% sand, subangular
to subrounded, very fine to fine; 5% silt; well sorted; weak
cementation; contains quartz, feldspar, amphibole, and other.

CLAY (CH): brown  (10YR 4/3), 100% clay, high plasticity; contains
mica; trace fine mica.

SILTY SAND (SM): pale olive  (5Y 6/3), 85% fine grained sand,
subangular to subrounded; 15% silt; well sorted; contains quartz,
mica, amphibole, and other.

SILT (ML): light olive brown  (2.5Y 5/4), 100% silt, brittle; low
plasticity; thin interbeds of medium to coarse sand from 170.5 to 171
ft bgs.

SAND (SP): olive  (5Y 5/3), 95% fine to medium grained sand; 5%
silt; well sorted; contains quartz, mica, and amphibole; interbeds of
high to medium plasticity clay.

SAND (SP): dark yellowish brown  (10YR 4/4), 100% fine to medium
grained sand, subangular to subrounded; trace silt; well sorted; weak
cementation; contains quartz, mica, amphibole, and other; high dark
mineral content.
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5

CLAYEY SAND (SC): brown  (7.5YR 4/4), 60% fine grained sand,
subrounded; 40% clay, low plasticity; well sorted; weak cementation;
contains quartz, feldspar, amphibole, and other.

SANDY CLAY (CL): yellowish brown  (10YR 5/6), 60% clay, low to
medium plasticity; 40% fine grained sand, subangular to subrounded;
contains quartz, feldspar, amphibole, and other.

SANDY CLAY (CL): dark yellowish brown  (10YR 4/6), 60% clay, low
plasticity; 40% fine grained sand, subangular to subrounded; contains
quartz, feldspar, amphibole, and other; high dark mineral content.

SANDY SILT (ML): brown  (10YR 5/3), 55% silt; 45% fine grained
sand, subangular to subrounded; weak cementation; contains quartz,
feldspar, amphibole, and other; high dark mineral content.

SILTY SAND (SM): light olive brown  (2.5Y 5/3), 60% fine to medium
grained sand, subangular to subrounded; 40% silt; well sorted; weak
cementation; contains quartz, feldspar, amphibole, and other; high
dark mineral content.

SAND WITH SILT (SP-SM): olive brown  (2.5Y 4/3), 90% fine to
medium grained sand, subangular to subrounded; 10% silt; well
sorted; weak cementation; contains quartz, feldspar, amphibole, and
other; oxidation; high dark mineral content.

SILTY SAND (SM): olive  (5Y 5/3), 80% fine to medium grained sand,
subangular to subrounded; 20% silt; well sorted; contains quartz,
feldspar, amphibole, and other; high abundance of minerals; oxidation
from 215 to 216 ft.

SILT (ML): olive  (5Y 5/3), 100% silt, brittle; low plasticity.

SAND (SP): pale olive  (5Y 6/3), 95% fine to coarse grained sand,
subangular to subrounded; 5% silt; medium sorted; contains quartz,
feldspar, mica, amphibole, and other.

SAND WITH CLAY AND GRAVEL (SP-SC): pale olive  (5Y 6/3), 75%
fine to coarse grained sand, subangular to subrounded; 15% fine to
coarse gravel up to 25 mm, subangular to subrounded; 10% clay, low
plasticity; poorly sorted; contains quartz, feldspar, mica, amphibole,
and other.

SAND (SP): light olive gray  (5Y 6/2), 85% fine to coarse grained
sand, angular to subangular; 10% fine gravel angular to subangular;
5% clay; medium sorted; contains quartz, feldspar, mica, and
amphibole.

SANDY SILT (ML): olive  (5Y 5/3), 65% silt, low plasticity; 35% fine
grained sand, subangular; contains quartz, and mica.
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11

8 in. borehole
(247 - 332.5 ft

bgs)

5

15

SAND WITH SILT (SP-SM): light olive brown  (2.5Y 5/4), 90% fine to
medium grained sand, subangular to subrounded; 10% silt; medium
sorted; contains quartz, feldspar, mica, amphibole, and other.

SILT (ML): light olive brown  (2.5Y 5/3), 100% silt; medium plasticity;
trace mica.

CLAY (CH): olive brown  (2.5Y 4/4), 100% clay, medium to high
plasticity.

CLAY (CH): dark greenish gray (10Y 4/1), 100% clay, high plasticity;
olive (5Y 5/3) from 247-249.3 ft bgs.

CLAYEY SAND (SC): olive  (5Y 4/3), 85% fine grained sand,
subangular; 15% clay, low plasticity; well sorted; weak cementation;
contains quartz, feldspar, mica, amphibole, and other.

SAND WITH CLAY (SP-SC): olive  (5Y 5/3), 85% fine to coarse
grained sand, subangular to subrounded; 10% clay; 5% fine to coarse
gravel up to 19 mm, subangular to subrounded; medium sorted;
contains quartz, mica, amphibole, and other.

SAND (SP): olive gray  (5Y 5/2), 85% medium to coarse grained
sand, subangular to subrounded; 10% gravel up to 12 mm,
subangular to subrounded; 5% clay; medium sorted; contains quartz,
feldspar, mica, amphibole, and other.

SAND (SP): light brownish gray  (2.5Y 6/2), 80% fine to coarse
grained sand, subangular to subrounded; 15% fine to coarse gravel
up to 26 mm; 5% clay; medium sorted; contains quartz, feldspar,
mica, amphibole, and other.

CLAY (CH): olive  (5Y 5/3), 100% clay, high plasticity.
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13

14

CEMEX
Monterey

Lapis Lustre
#60 fine sand
seal (272-275

ft bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack
(275-332.5 ft

bgs)

4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots (285-330

ft bgs)
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CLAY (CL): olive gray  (5Y 5/2), 80% clay, low to medium plasticity;
15% fine to coarse grained sand, subangular to subrounded; 5% fine
gravel up to 15 mm; contains quartz, feldspar, amphibole, and other.

GRAVELLY CLAY (CL): pale olive  (5Y 6/3), 60% clay, medium
plasticity; 30% fine to coarse gravel up to 45 mm, subrounded; 10%
fine to coarse grained sand, subrounded; contains quartz, feldspar,
amphibole, and other.

SAND WITH CLAY (SP-SC): olive gray  (5Y 5/2), 90% fine grained
sand, subangular to subrounded, trace medium grains; 10% clay, no
to low plasticity; medium to well sorted; contains quartz, mica,
amphibole, and other.

SANDY CLAY (CL): pale olive  (5Y 6/3), 55% clay, low plasticity; 30%
fine to coarse grained sand, subangular to subrounded; 15% fine to
coarse gravel up to 60 mm, subangular to subrounded; contains
quartz, mica, and amphibole; increased gravel with depth to 35%.

CLAY (CH): light olive brown  (2.5Y 5/4), 100% clay, medium to high
plasticity.

SAND (SP): light olive brown  (2.5Y 5/4), 95% fine to medium grained
sand, subangular to subrounded, trace coarse; 5% clay; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): grayish brown  (2.5Y 5/2), 95% fine to coarse grained
sand, subangular to subrounded; 5% fine to coarse gravel up to 40
mm; trace clay; contains quartz, feldspar, mica, and amphibole.

SAND WITH GRAVEL (SP): light yellowish brown  (2.5Y 6/3), 70%
medium to coarse grained sand, subangular to subrounded; 25% fine
to coarse gravel up to 35 mm, subangular to subrounded; 5% clay;
contains quartz, feldspar, mica, and amphibole.

CLAY (CH): yellowish brown  (10YR 5/6), 100% clay, medium
plasticity; trace interbeds of medium to coarse sand.

SAND WITH CLAY AND GRAVEL (SP-SC): light olive brown  (2.5Y
5/3), 65% fine to coarse grained sand, subangular to subrounded;
25% fine to coarse gravel up to 22 mm, subangular to subrounded;
10% clay, low plasticity; medium sorted; contains quartz, feldspar,
mica, and amphibole.

SAND (SP): light olive brown  (2.5Y 5/6), 95% fine to medium grained
sand, subangular to subrounded; 5% clay; well sorted; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): olive brown  (2.5Y 4/3), 85% fine to coarse grained sand;
10% fine gravel up to 6 mm; 5% clay; medium sorted; contains
quartz, feldspar, mica, and amphibole.
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Blank casing
with end cap

(330-332.26 ft
bgs)

TD 332.5 ft
bgs

SAND WITH GRAVEL (SP): olive brown  (2.5Y 4/4), 80% fine to
coarse grained sand, angular to subangular; 15% fine to coarse
gravel up to 15 mm, angular to subangular; 5% clay; medium sorted;
contains quartz, feldspar, mica, and amphibole.

CLAYEY GRAVEL WITH SAND (GC): light olive brown  (2.5Y 5/4),
45% fine to coarse gravel up to 15 mm, subrounded; 30% clay,
medium plasticity; 25% fine to coarse grained sand, subrounded;
poorly sorted; contains quartz, feldspar, and amphibole.

SAND (SP): light olive brown  (2.5Y 5/3), 85% fine to coarse grained
sand, subangular to subrounded; 10% fine gravel up to 7 mm,
subangular to subrounded; 5% clay, low plasticity; medium sorted;
contains quartz, feldspar, mica, and amphibole; gravel up to 45 mm
from 315.2 to 315.5 ft.

SAND WITH GRAVEL (SP): light olive brown  (2.5Y 5/4), 75% fine to
coarse grained sand, subangular to subrounded; 20% fine to coarse
gravel up to 60 mm; 5% clay; medium to well sorted; contains quartz,
feldspar, mica, amphibole, and other.

GRAVEL WITH CLAY AND SAND (GP-GC): pale olive  (5Y 6/3), 55%
fine to coarse gravel up to 29 mm, subangular to subrounded; 35%
fine to coarse grained sand; 10% clay, low plasticity; poorly to medium
sorted; contains quartz, feldspar, mica, and amphibole.

SAND (SP): pale olive  (5Y 6/3), 85% fine to coarse grained sand;
10% fine gravel up to 7 mm; 5% clay; medium to well sorted; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): light olive brown  (2.5Y 5/3), 95% fine to medium grained
sand, subangular to subrounded; 5% clay; well sorted; contains
quartz, feldspar, mica, and amphibole.

Bottom of borehole at 332.5 feet.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.26 ft ags -
60.12 ft bgs)

Neat cement
(0-47 ft bgs)

8 in. borehole
(0-105 ft bgs)

SAND (SP): brown  (7.5YR 4/3), 90% fine to coarse grained sand,
subangular to subrounded; 10% gravel subangular to subrounded;
moist sample; contains quartz, feldspar, and amphibole; top soil.

SAND (SP): dark brown  (7.5YR 3/3), 100% fine to medium grained
sand, subangular to subrounded; moist sample; contains quartz,
feldspar, and amphibole.

SAND (SP): yellowish brown  (10YR 5/6), 100% fine to coarse grained
sand, subangular to subrounded; moist sample; contains quartz,
feldspar, and amphibole.

SAND (SP): dark yellowish brown  (10YR 4/6), 95% fine to coarse
grained sand, subangular to subrounded; 5% silt; moist sample;
contains quartz, feldspar, mica, and amphibole.

SAND (SP): brown  (7.5YR 5/4), 100% fine to medium grained sand,
subangular to subrounded; moist sample; contains quartz, feldspar,
and amphibole.

SAND (SP): light yellowish brown  (10YR 6/4), 95% fine to medium
grained sand, subangular to subrounded; 5% silt; moist sample;
contains quartz, feldspar, and amphibole.

SAND WITH SILT (SP-SM): pale brown  (10YR 6/3), 90% fine to
medium grained sand, subangular to subrounded; 10% silt; moist
sample; contains quartz, feldspar, and amphibole.

SAND (SP): yellowish brown  (10YR 5/4), 100% fine grained sand;
moist sample; contains quartz, feldspar, and amphibole.

SAND (SP): brown  (10YR 5/3), 100% fine to medium grained sand,
subangular to subrounded; moist sample; contains quartz, feldspar,
and amphibole.
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DRILLING
METHOD

Cement pedestal

PVC

PVC

PVC

BOTTOM DEPTH
(ft bgs)

MATERIAL

BOREHOLE
DIAMETER

WALL
THICKNESS (in.)

LOGGED BY

SCREEN /
BLANK

SAMPLING
METHOD

START
DATE

39.70 ft NAVD88

41.96 ft NAVD88 (RP)

DRILLING CONTRACTOR
DRILLER

TOP DEPTH
(ft bgs)

LENGTH
(ft)

Entrance to CEMEX

SCREEN
TYPE

Slotted

4 / ID

4 / ID

4 / ID

62.38

40

2.38

MPWSP MW-4S
WELL NUMBER

CLIENT
PROJECT NUMBER

Cal Am
14077-15

BOREHOLE LITHOLOGIC LOG
LOCATION

Marina, CA

True
Vertical
Depth
(feet)

5

10

15

20

25

30
Geoscience Support Services, Inc.

Depth
bgs

(feet)

5

10

15

20

25

30

Sieve
Sample
Number

Drill
Rate
(ft/hr)

W
E

L
L

 C
O

N
S

T
R

U
C

T
IO

N
 L

O
G

  
M

P
W

S
P

 M
W

 T
M

 L
IT

H
 A

L
L

 W
E

L
L

S
.G

P
J
  

G
E

O
S

C
IE

N
C

E
.G

D
T

  
7

/7
/1

6

GEOSCIENCE
P.O. Box 220
Claremont, CA 91711
Telephone:  (909) 451-6650
Fax:  (909) 451-6638
www.gssiwater.com

Graphic
Log

Lithologic Log

NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.

APPENDIX C

C-57



CEMEX
Monterey

Lapis Lustre
#60 fine sand
seal (47-50 ft

bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack

(50-105 ft bgs)

4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots

(60.12-100.12
ft bgs)
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SAND (SP): light brown  (7.5YR 6/3), 95% fine to coarse grained
sand, subangular to subrounded; 5% silt; moist sample; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): brown  (7.5YR 5/4), 95% fine to coarse grained sand,
subangular to subrounded; 5% silt; moist sample; contains quartz,
feldspar, mica, and amphibole; contains coarse sand layers.

SAND (SP): yellowish brown  (10YR 5/4), 100% fine to coarse grained
sand, subangular to subrounded; moist sample; contains quartz,
feldspar, mica, and amphibole.

SAND (SP): brown  (10YR 5/3), 95% fine to medium grained sand,
subangular to subrounded; 5% silt; moist sample; contains quartz,
feldspar, mica, and amphibole.

SAND (SW): brown  (10YR 5/3), 100% fine to coarse grained sand,
subangular to subrounded; trace fine gravel subangular to
subrounded; moist sample; contains quartz, feldspar, mica, and
amphibole.

SAND WITH GRAVEL (SP): brown  (10YR 5/3), 75% fine to coarse
grained sand, subangular to subrounded, mostly coarse grained; 25%
fine gravel subangular to subrounded; moist to wet sample; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): brown  (10YR 5/3), 95% fine grained sand, very fine
grained; 5% silt; wet sample; contains quartz, feldspar, mica, and
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Blank casing
with end cap

(100.12-102.5
ft bgs)

TD 105 ft bgs
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amphibole.

SAND (SP): brown  (10YR 5/3), 95% fine to coarse grained sand,
subangular to subrounded; 5% fine gravel subangular to subrounded;
trace silt; moist sample; contains quartz, feldspar, and amphibole.

SAND WITH GRAVEL (SP): yellowish brown  (10YR 5/4), 75% fine to
coarse grained sand, subangular to subrounded; 25% gravel
subangular to subrounded; wet sample; contains quartz, feldspar,
mica, and amphibole.

SAND (SP): yellowish brown  (10YR 5/4), 95% fine to coarse grained
sand, subangular to subrounded; 5% fine gravel subangular to
subrounded; wet sample; contains quartz, feldspar, mica, and
amphibole.

GRAVEL WITH SAND (GP): light brown  (7.5YR 6/4), 60% fine to
coarse gravel subangular to subrounded; 40% fine to coarse grained
sand, subangular to subrounded; wet sample; contains quartz,
feldspar, and amphibole.

GRAVEL WITH SAND (GP): yellowish brown  (10YR 5/4), 80% fine to
coarse gravel subangular to subrounded; 20% fine to coarse grained
sand, subangular to subrounded; wet sample; contains quartz,
feldspar, and amphibole.

SAND WITH GRAVEL (SW): brownish yellow  (10YR 6/6), 55% fine
to coarse grained sand, subangular to subrounded; 40% fine to
coarse gravel subangular to subrounded; 5% silt; wet sample;
contains quartz, feldspar, mica, and amphibole.

Bottom of borehole at 105 feet.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.15 -
129.63 ft bgs)

Neat cement
(0-115 ft bgs)

9.875 in.
borehole

(0-150 ft bgs)
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SAND (SP): brown  (7.5YR 4/3), 90% fine to coarse grained sand,
subangular to subrounded; 10% fine to coarse gravel subangular to
subrounded; moist sample; contains quartz, feldspar, and amphibole;
unconsolidated.

SAND (SP): dark brown  (7.5YR 3/3), 100% fine to medium grained
sand, subangular to subrounded; moist sample; contains quartz,
feldspar, and amphibole; unconsolidated.

SAND (SP): brown  (7.5YR 5/4)  and  light yellowish brown  (10YR
6/4), 95% fine to medium grained sand, subangular to subrounded;
5% silt; moist sample; contains quartz, feldspar, and amphibole;
yellowish brown (10YR 5/4) from 17 ft to 21 ft; unconsolidated.

SAND WITH SILT (SP-SM): pale brown  (10YR 6/3), 90% fine to
medium grained sand, subangular to subrounded; 10% silt; moist
sample; contains quartz, feldspar, and amphibole.

SAND (SP): yellowish brown  (10YR 5/4), 100% fine to medium
grained sand, subangular to subrounded; moist sample; contains
quartz, feldspar, and amphibole; unconsolidated.

D. King

Sch 80

Sch 80

Sch 80

Cement pedestal

Stickup 2.15
ft ags

Blank

Screen

Blank

-2.15

129.63

259.63

129.63

259.63

262

0.04

REPORT DATE

PERF. SIZE
(in.)

SURFACE
ELEVATION

2/09/15

Sonic

2/06/15

Cascade Drilling

DIAMETER
(in.)

A. Khalighi
DRILLING
RIG TYPE ProSonic 600T

TOC
ELEVATION

FINISH
DATE

Core

9.875, 8 in

DRILLING
METHOD

Cement pedestal

PVC

PVC

PVC

BOTTOM DEPTH
(ft bgs)

MATERIAL

BOREHOLE
DIAMETER

WALL
THICKNESS (in.)

LOGGED BY

SCREEN /
BLANK

SAMPLING
METHOD

START
DATE

39.84 ft NAVD88

41.99 ft NAVD88 (RP)

DRILLING CONTRACTOR
DRILLER

TOP DEPTH
(ft bgs)

LENGTH
(ft)

Entrance to CEMEX

SCREEN
TYPE

Slotted

4 / ID

4 / ID

4 / ID

131.78

130

2.37

MPWSP MW-4M
WELL NUMBER

CLIENT
PROJECT NUMBER

Cal Am
14077-15

BOREHOLE LITHOLOGIC LOG
LOCATION

Marina, CA

True
Vertical
Depth
(feet)

5

10

15

20

25

30
Geoscience Support Services, Inc.

Depth
bgs

(feet)

5

10

15

20

25

30

Sieve
Sample
Number

Drill
Rate
(ft/hr)

W
E

L
L

 C
O

N
S

T
R

U
C

T
IO

N
 L

O
G

  
M

P
W

S
P

 M
W

 T
M

 L
IT

H
 A

L
L

 W
E

L
L

S
.G

P
J
  

G
E

O
S

C
IE

N
C

E
.G

D
T

  
7

/7
/1

6

GEOSCIENCE
P.O. Box 220
Claremont, CA 91711
Telephone:  (909) 451-6650
Fax:  (909) 451-6638
www.gssiwater.com

Graphic
Log

Lithologic Log

NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.

APPENDIX C

C-61



20

SAND (SP): brown  (7.5YR 5/3), 100% fine to medium grained sand,
subangular to subrounded; moist sample; contains quartz, feldspar,
and amphibole.

SAND (SP): light brown  (7.5YR 6/3), 100% fine to coarse grained
sand, subangular to subrounded; moist to wet sample; contains
quartz, feldspar, mica, and amphibole; unconsolidated.

SAND (SP): brown  (7.5YR 5/4), 100% fine to coarse grained sand,
subangular to subrounded; moist to wet sample; contains quartz,
feldspar, mica, and amphibole; unconsolidated.

SAND (SW): yellowish brown  (10YR 5/4), 100% fine to coarse
grained sand, angular to subangular; moist to wet sample; contains
quartz, feldspar, and amphibole; unconsolidated.

SAND (SP): brown  (10YR 5/3), 95% fine to medium grained sand,
subangular to subrounded; 5% silt; moist to wet sample; contains
quartz, feldspar, and amphibole; unconsolidated.

SAND (SW): brown  (10YR 5/3), 95% fine to coarse grained sand; 5%
silt; moist to wet sample; contains quartz, feldspar, mica, and
amphibole.

SAND WITH GRAVEL (SP): brown  (10YR 5/3), 75% fine to coarse
grained sand, subangular to subrounded; 25% fine gravel subangular
to subrounded; moist to wet sample; contains quartz, feldspar, mica,
and amphibole; unconsolidated.

SAND (SP): brown  (10YR 5/3), 100% sand, subangular to
subrounded, very fine to fine grained; moist to wet sample; contains
quartz, feldspar, mica, and amphibole; unconsolidated.
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SAND (SP): light yellowish brown  (10YR 6/4), 95% fine to coarse
grained sand, subangular to subrounded; 5% fine gravel subangular
to subrounded; moist to wet sample; contains quartz, feldspar, mica,
and amphibole; unconsolidated.

SAND WITH GRAVEL (SP): yellowish brown  (10YR 5/4), 80% fine to
coarse grained sand, subangular to subrounded; 20% fine to coarse
gravel subangular to subrounded; contains quartz, feldspar, mica, and
amphibole; unconsolidated.

SAND (SP): yellowish brown  (10YR 5/4), 95% fine to coarse grained
sand, subangular to subrounded; 5% fine gravel subangular to
subrounded; moist sample; contains quartz, feldspar, mica, and
amphibole; unconsolidated.

GRAVEL WITH SAND (GP): light brown  (7.5YR 6/4), 60% fine gravel
subangular to subrounded; 40% fine to coarse grained sand,
subangular to subrounded; moist to wet sample; contains quartz,
feldspar, mica, and amphibole; transitions to approximately 80%
gravel and 20% sand with increasing depth; unconsolidated.

SAND WITH GRAVEL (SP): brownish yellow  (10YR 6/6), 55% fine to
coarse grained sand, subangular to subrounded; 40% fine to coarse
gravel subangular to subrounded; 5% silt; moist to wet sample;
contains quartz, feldspar, mica, and amphibole; unconsolidated.

SAND (SP): light brown  (7.5YR 6/4), 95% fine to medium grained
sand, subangular to subrounded; 5% fine to coarse gravel subangular
to subrounded; moist to wet sample; contains quartz, feldspar, mica,
and amphibole; unconsolidated.

SAND (SP): light brown  (7.5YR 6/4), 100% fine to medium grained
sand, subangular to subrounded; moist to wet sample; contains
quartz, feldspar, mica, and amphibole.
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CEMEX
Monterey

Lapis Lustre
#60 fine sand

seal
(115-119.5 ft

bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack

(119.5-265.5 ft
bgs)

4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots

(129.63-259.63
ft bgs)

20

23.7

SAND (SP): brown  (7.5YR 5/3), 100% sand, subangular to
subrounded, very fine to fine grained; moist to wet sample; contains
quartz, feldspar, mica, and amphibole.

CLAY (CL): yellowish brown  (10YR 5/6), 90% clay, high plasticity; 5%
medium grained sand, subangular to subrounded; 5% silt; moist
sample; contains quartz, feldspar, and amphibole.

SAND WITH CLAY (SP-SC): pale olive  (5Y 6/3), 90% fine to medium
grained sand, subangular to subrounded; 5% silt; 5% clay; moist
sample; contains quartz, mica, and amphibole; low plasticity.

CLAY (CL): brownish yellow  (10YR 6/6), 95% clay, medium plasticity;
5% medium grained sand, subangular to subrounded; moist sample;
contains quartz, mica, and amphibole.

SAND WITH SILT (SP-SM): pale yellow  (5Y 7/3), 90% fine to
medium grained sand, subangular to subrounded; 10% silt; moist to
wet sample; contains quartz, feldspar, mica, and amphibole.

SAND (SP): brownish yellow  (10YR 6/6), 95% sand, subangular to
subrounded, very fine to fine grained; 5% silt, low plasticity; moist
sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

SAND WITH CLAY (SP-SC): light brown  (7.5YR 6/3), 90% sand,
subangular to subrounded, very fine to fine grained; 10% clay, low
plasticity; moist sample; oxidation.

SAND (SP): light brown  (7.5YR 6/3), 90% sand; 5% gravel; 5% silt.

SAND WITH SILT (SP-SM): very pale brown  (10YR 7/4), 90% fine to
coarse grained sand, subangular to subrounded; 10% silt; moist to
wet sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.
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8 in. borehole
(150-265.5)

23.7

SILTY SAND (SM): light yellowish brown  (10YR 6/4), 85% fine to
medium grained sand, subangular to subrounded; 15% silt, low
plasticity; moist to wet sample; contains quartz, mica, and amphibole.

SAND (SP): light brownish gray  (2.5Y 6/2), 95% fine to coarse
grained sand, subangular to subrounded; 5% clay, low plasticity;
moist to wet sample; contains quartz, feldspar, and amphibole.

SAND (SP): light yellowish brown  (10YR 6/4), 85% fine to coarse
grained sand, subangular to subrounded; 10% fine to coarse gravel
subangular to subrounded; 5% clay; moist to wet sample; contains
quartz, feldspar, and amphibole.

SAND (SP): reddish yellow  (7.5YR 6/6), 90% fine to coarse grained
sand, subangular to subrounded; 10% fine to coarse gravel
subangular to subrounded; moist to wet sample; contains quartz,
feldspar, mica, and amphibole; unconsolidated.

GRAVEL WITH SILT AND SAND (GP-GM): pale brown  (10YR 6/3),
55% fine to coarse gravel subangular to subrounded, rounded coarse
gravel; 35% fine to coarse grained sand, subangular to subrounded;
10% silt; moist to wet sample; contains quartz, feldspar, mica, and
amphibole; unconsolidated.

SAND WITH SILT (SP-SM): dark yellowish brown  (10YR 4/4), 90%
sand, subangular to subrounded, very fine to fine grained; 10% silt;
moist to wet sample.

FAT CLAY (CH): yellowish brown  (10YR 5/8), 90% clay, high
plasticity; 5% sand, very fine; 5% silt; moist sample.

CLAYEY SAND (SC): brown  (7.5YR 5/3), 70% fine to medium
grained sand, subrounded to rounded; 25% clay, low to medium
plasticity; 5% fine to coarse gravel subrounded to rounded; moist to
wet sample; contains quartz, feldspar, mica, and amphibole.

SAND (SP): light brown  (7.5YR 6/3), 95% fine to coarse grained
sand, angular to subangular; 5% silt; moist to wet sample; contains
quartz, feldspar, mica, and amphibole; unconsolidated.

SILTY SAND (SM): brown  (10YR 5/3), 85% fine to medium grained
sand, subangular to subrounded; 15% silt, low plasticity; moist
sample; contains quartz, mica, and amphibole; unconsolidated.

SAND (SP): light brownish gray  (10YR 6/2), 95% fine to coarse
grained sand, subangular to subrounded; 5% silt; moist to wet
sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.
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23.7

SAND (SP): dark yellowish brown  (10YR 4/6)  and  brown  (10YR
4/3), 95% fine to coarse grained sand, subangular to subrounded,
higher concentration of coarse sand; 5% silt; moist to wet sample;
contains quartz, feldspar, mica, and amphibole.

SAND (SP): brown  (7.5YR 4/2)  and  red  (2.5YR 4/6), 100% sand,
subangular to subrounded, very fine to fine grained; moist to wet
sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

SILT (ML): pale olive  (5Y 6/4), 100% silt, very dense, medium
plasticity; moist sample; oxidized staining; black ash.
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Blank casing
with end cap

(259.63-262 ft
bgs)

TD 265.5 ft
bgs

23.7

SAND WITH SILT (SP-SM): pale olive  (5Y 6/3), 90% fine to medium
grained sand, subangular to subrounded; 10% silt; moist to wet
sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

SAND (SP): light olive brown  (2.5Y 5/3), 100% fine to coarse grained
sand, subangular to subrounded; moist to wet sample;
unconsolidated.

SAND (SP): brown  (7.5YR 5/3), 90% medium to coarse grained
sand, subangular to subrounded; 10% fine to coarse gravel
subrounded; moist to wet sample; contains quartz, feldspar, mica, and
amphibole; unconsolidated.

SAND (SP): light yellowish brown  (2.5Y 6/3), 95% fine to medium
grained sand, subangular to subrounded; 5% silt; moist sample;
unconsolidated.

SAND (SP): pale brown  (10YR 6/3), 100% fine to medium grained
sand, subangular to subrounded; moist to wet sample; contains
quartz, feldspar, mica, and amphibole; unconsolidated.

GRAVEL WITH CLAY AND SAND (GP-GC): pale olive  (5Y 6/3), 50%
fine to coarse gravel subangular to subrounded; 40% fine to coarse
grained sand, subangular to subrounded; 10% clay, low plasticity;
moist to wet sample; contains quartz, feldspar, mica, and amphibole.

SILT (ML): olive  (5Y 5/3), 85% silt; 15% clay; moist sample; medium
to high plasticity.

Bottom of borehole at 265.5 feet.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.15 ft ags -
290.41 ft bgs)

Neat cement
(0 - 276 ft bgs)

10.75 in.
borehole (0-97

ft bgs)

SAND (SP): brown  (7.5YR 4/3), 90% fine to coarse grained sand,
subangular to subrounded; 10% fine gravel up to 10 mm, subangular
to subrounded; trace silt; medium sorted; dry sample; contains quartz,
feldspar, amphibole, and other.

SAND (SP): dark brown  (7.5YR 3/3), 100% fine to medium grained
sand, subangular to subrounded, trace coarse sand; trace silt; well
sorted; dry sample; contains quartz, feldspar, amphibole, and other.

SAND (SP): dark yellowish brown  (10YR 4/4), 100% fine to coarse
grained sand, subangular to subrounded; trace silt; well sorted;
contains quartz, feldspar, amphibole, and other.

SAND (SP): dark yellowish brown  (10YR 4/6), 100% fine to coarse
grained sand, subangular to subrounded; well sorted; contains quartz,
feldspar, amphibole, and other.

SAND (SP): yellowish brown  (10YR 5/8), 100% fine to coarse grained
sand, subangular; trace silt; well sorted; contains quartz, feldspar,
amphibole, and other.

SAND (SP): brown  (7.5YR 5/4), 100% fine to medium grained sand,
subangular to subrounded, trace coarse sand; trace silt; well sorted;
contains quartz, amphibole, and other.

SAND (SP): light yellowish brown  (10YR 6/4), 98% fine to medium
grained sand, subangular; 2% silt; well sorted; contains quartz,
feldspar, amphibole, and other.

SAND (SP): yellowish brown  (10YR 5/4), 100% fine to medium
grained sand, subangular to subrounded; trace silt; well sorted;
contains quartz, feldspar, amphibole, and other.

SAND WITH SILT (SP-SM): pale brown  (10YR 6/3), 90% fine to
medium grained sand, subrounded, predominantly fine grained; 10%
silt; well sorted; contains quartz, feldspar, amphibole, and other.

SAND (SP): yellowish brown  (10YR 5/4), 100% fine grained sand,
subangular to subrounded, trace medium sand; trace silt; well sorted;
contains quartz, feldspar, amphibole, and other.

SAND (SP): brown  (10YR 5/3), 100% fine to medium grained sand,
subangular; trace silt, interbedded; well sorted; contains quartz,
feldspar, amphibole, and other.

A. Patricio

Sch 80

Sch 80

Sch 80

Cement pedestal

Stickup 2.15
ft ags

Blank

Screen

Blank

-2.15

290.41

330.41

290.41

330.41

332.41

0.04

REPORT DATE

PERF. SIZE
(in.)

SURFACE
ELEVATION

1/19/15

Sonic

12/20/14

Cascade Drilling

DIAMETER
(in.)

J. Sobolew
DRILLING
RIG TYPE ProSonic 600T

TOC
ELEVATION

FINISH
DATE

Core

10.75, 9.875, 8 in

DRILLING
METHOD

Cement pedestal

PVC

PVC

PVC

BOTTOM DEPTH
(ft bgs)

MATERIAL

BOREHOLE
DIAMETER

WALL
THICKNESS (in.)

LOGGED BY

SCREEN /
BLANK

SAMPLING
METHOD
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DATE

39.80 ft NAVD88

41.95 ft NAVD88 (RP)

DRILLING CONTRACTOR
DRILLER

TOP DEPTH
(ft bgs)

LENGTH
(ft)

Entrance to CEMEX

SCREEN
TYPE

Slotted

4 / ID

4 / ID

4 / ID
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20

SAND (SP): light brown  (7.5YR 6/3), 100% fine to coarse grained
sand, subangular to subrounded; trace silt; medium to well sorted;
contains quartz, feldspar, mica, amphibole, and other.

SAND (SP): brown  (7.5YR 5/4), 95% fine to medium grained sand,
subangular to subrounded; 5% silt; well sorted; contains quartz,
feldspar, mica, amphibole, and other.

SAND (SW): yellowish brown  (10YR 5/4), 100% fine to coarse
grained sand, subangular to subrounded; poorly sorted; contains
quartz, feldspar, mica, amphibole, and other.

SAND (SP): brown  (10YR 5/3), 95% fine to coarse grained sand,
subangular to subrounded, predominantly fine to medium grained; 5%
silt; well sorted; contains quartz, feldspar, mica, amphibole, and other;
high mica content.

SAND (SW): brown  (10YR 5/3), 95% fine to coarse grained sand,
subangular to subrounded; 5% silt; trace fine gravel up to 5 mm,
subangular to subrounded; poorly sorted; contains quartz, feldspar,
mica, amphibole, and other.

SAND WITH GRAVEL (SP): brown  (10YR 5/3), 75% fine to coarse
grained sand, subangular to subrounded, predominantly coarse; 25%
fine to coarse gravel up to 9 mm, subangular to subrounded,
predominantly fine; trace silt; poorly to medium sorted; contains
quartz, feldspar, mica, amphibole, and other.

SAND (SP): brown  (10YR 5/3), 95% fine grained sand, subangular;
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5% silt; well sorted; contains quartz, feldspar, mica, amphibole, and
other.

SAND (SP): light yellowish brown  (10YR 6/4), 95% fine to coarse
grained sand, subangular to subrounded; 5% fine gravel up to 5 mm,
subangular to subrounded; trace silt; medium to well sorted; contains
quartz, feldspar, amphibole, and other.

SAND WITH GRAVEL (SP): yellowish brown  (10YR 5/4), 75% fine to
coarse grained sand, subangular to subrounded; 25% fine gravel up
to 16 mm, subangular to subrounded; trace silt; medium sorted;
contains quartz, amphibole, and other; contains chert.

SAND (SP): yellowish brown  (10YR 5/4), 95% fine to coarse grained
sand, subangular to subrounded; 5% fine gravel up to 5 mm,
subangular to subrounded; trace silt; well sorted; contains quartz,
feldspar, mica, amphibole, and other.

GRAVEL WITH SAND (GP): light brown  (7.5YR 6/4), 60% fine gravel
up to 13 mm, subangular to subrounded; 40% fine to coarse grained
sand, subangular to subrounded; medium sorted; contains quartz,
feldspar, amphibole, and other.

GRAVEL WITH SAND (GP): yellowish brown  (10YR 5/4), 80% fine to
coarse gravel up to 56 mm, subangular to rounded; 20% medium to
coarse grained sand, subangular to rounded; trace silt; medium
sorted; contains quartz, feldspar, amphibole, and other.

SAND WITH GRAVEL (SW): brownish yellow  (10YR 6/6), 55% fine
to coarse grained sand, subangular to subrounded; 40% fine to
coarse gravel up to 53 mm, subangular to subrounded; 5% silt; poorly
to medium sorted; contains quartz, feldspar, amphibole, and other.

SAND (SP): light brown  (7.5YR 6/4), 95% fine to medium grained
sand, subangular to subrounded, trace coarse sand; 5% fine gravel
up to 18 mm, subangular to subrounded; trace silt; medium to well
sorted; contains quartz, feldspar, mica, amphibole, and other.

SAND (SP): light brown  (7.5YR 6/4), 100% fine to medium grained
sand, subangular to subrounded; trace fine gravel up to 6 mm,
subangular to subrounded; trace silt; well sorted; contains quartz,
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20

feldspar, mica, amphibole, and other.

SAND (SP): brown  (7.5YR 5/3), 100% fine grained sand, subangular
to subrounded; trace silt; well sorted; contains quartz, feldspar, mica,
amphibole, and other.

FAT CLAY (CH): pale olive  (5Y 6/3), 95% clay, medium plasticity; 5%
medium grained sand, subrounded; contains quartz, and other.

SAND WITH CLAY (SP-SC): yellowish brown  (10YR 5/6), 90% fine to
medium grained sand, subrounded; 5% silt; 5% clay, low plasticity;
well sorted; contains quartz, mica, amphibole, and other.

FAT CLAY (CH): pale olive  (5Y 6/3), 100% clay, medium plasticity;
trace fine grained sand, subrounded; contains quartz, and mica.

SAND WITH SILT (SP-SM): brownish yellow  (10YR 6/6), 90% fine to
medium grained sand, subangular; 10% silt; medium to well sorted;
contains quartz, mica, and other; predominantly quartz.

SAND (SP): pale yellow  (5Y 7/3), 95% fine grained sand, subangular,
very fine to fine grains; 5% silt; well sorted; contains quartz, mica,
amphibole, and other; high mica content.

SAND (SP): brownish yellow  (10YR 6/6), 100% fine to medium
grained sand, subangular to subrounded; trace silt; medium to well
sorted; contains quartz, feldspar, mica, amphibole, and other.

SAND WITH CLAY (SP-SC): pale yellow  (2.5Y 7/3), 90% fine grained
sand, subangular, very fine to fine grains; 10% clay, low plasticity; well
sorted; contains quartz, mica, amphibole, and other; oxidation in
layers.

SAND (SP): light brown  (7.5YR 6/3), 100% fine to coarse grained
sand, angular to subrounded; trace fine gravel up to 6 mm, angular to
subrounded; trace silt; trace clay; well sorted; contains quartz,
feldspar, amphibole, and other; layer of clay with shells.

SAND WITH SILT (SP-SM): very pale brown  (10YR 7/4), 90% fine to
medium grained sand, subrounded to rounded; 10% silt; well sorted;
contains quartz, amphibole, and other; predominantly rounded quartz.
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SILTY SAND (SM): light yellowish brown  (10YR 6/4), 85% fine to
medium grained sand, subangular to subrounded; 15% silt, low
plasticity; medium sorted; contains quartz, mica, amphibole, and
other.

SAND (SP): light brownish gray  (2.5Y 6/2), 95% fine to coarse
grained sand, subangular to subrounded; 5% clay, low plasticity; well
sorted; contains quartz, mica, amphibole, and other; high mica
content.

SAND (SP): light yellowish brown  (10YR 6/4), 85% fine to coarse
grained sand, subangular to subrounded; 10% fine to coarse gravel
up to 34 mm, subangular to subrounded; 5% clay, no to low plasticity;
poorly to medium sorted; contains quartz, feldspar, mica, amphibole,
and other; oxidation apparent.

SAND (SP): reddish yellow  (7.5YR 6/6), 90% fine to coarse grained
sand, subangular to subrounded; 10% fine to coarse gravel up to 29
mm, subangular to subrounded; trace silt; medium sorted; contains
quartz, feldspar, mica, amphibole, and other; oxidation apparent.

GRAVEL WITH CLAY AND SAND (GP-GC): pale brown  (10YR 6/3),
55% fine to coarse gravel up to 55 mm, subangular to subrounded;
35% fine to coarse grained sand, subangular to subrounded; 10%
clay, no to low plasticity; medium sorted; contains quartz, feldspar,
mica, amphibole, and other; rounded clasts of gravel.

SAND WITH SILT (SP-SM): dark yellowish brown  (10YR 4/4), 90%
fine grained sand, subrounded; 10% silt; well sorted; contains quartz,
mica, amphibole, and other.

FAT CLAY (CH): yellowish brown  (10YR 5/8), 100% clay, high
plasticity; trace fine grained sand, subrounded; trace silt; contains
quartz, and mica; transition silt to clay from 168.4 to 177 ft bgs.

CLAYEY SAND (SC): brown  (7.5YR 5/3), 75% fine to medium
grained sand, subangular; 25% clay, low to medium plasticity; trace
fine gravel up to 15 mm, subangular; well sorted; contains quartz,
mica, amphibole, and other; trace chert.

SAND (SP): light brown  (7.5YR 6/3), 95% fine to coarse grained
sand, angular to subangular; 5% silt; well sorted; contains quartz,
feldspar, mica, amphibole, and other; predominantly quartz.

SILTY SAND (SM): brown  (10YR 5/3), 85% fine to medium grained
sand, subangular, predominantly fine grained; 15% silt, low plasticity;
medium sorted; contains quartz, mica, amphibole, and other.

SAND (SP): light brownish gray  (10YR 6/2), 95% fine to coarse
grained sand, subangular to subrounded, coarser grained from 187 to
189 ft bgs; 5% silt; well sorted; contains quartz, feldspar, mica,
amphibole, and other.

SAND (SP): dark yellowish brown  (10YR 4/6), 95% fine grained sand,
subangular to subrounded; 5% silt; well sorted; contains quartz,
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6

feldspar, amphibole, and other; predominantly dark-colored minerals.

SAND (SP): brown  (7.5YR 4/2), 100% fine grained sand,
subrounded; trace silt; well sorted; weak cementation; contains
quartz, feldspar, amphibole, and other; higher quartz content.

SAND (SP): strong brown  (7.5YR 4/6), 95% fine grained sand,
subangular to subrounded; 5% silt; well sorted; weak cementation;
contains quartz, feldspar, amphibole, and other; abundant dark
minerals; faint rusty color.

SAND (SP): olive brown  (2.5Y 4/3), 100% fine grained sand,
subangular to subrounded; trace silt; well sorted; weak cementation;
contains quartz, feldspar, amphibole, and other; abundant dark
minerals.

SILT (ML): pale olive  (5Y 6/4), 100% silt, dense, low plasticity;
horizontal, dark, oxidized laminations 227-227.5 ft bgs.
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20

SAND WITH SILT (SP-SM): pale olive  (5Y 6/3), 90% fine to medium
grained sand, subangular to subrounded, trace coarse grains; 10%
silt; medium sorted; contains quartz, mica, amphibole, and other; no
to low plasticity.

SAND (SP): light olive brown  (2.5Y 5/3), 100% fine to coarse grained
sand, subangular to subrounded, predominantly medium to coarse
grains; trace fine gravel up to 6 mm, subangular to subrounded;
medium to well sorted; contains quartz, feldspar, mica, amphibole,
and other.

SAND (SP): brown  (7.5YR 5/3), 90% fine to coarse grained sand,
subangular to subrounded, predominantly medium to coarse grains;
10% fine to coarse gravel up to 35 mm, subangular to subrounded;
trace silt; poorly to medium sorted; contains quartz, feldspar, mica,
amphibole, and other.

SAND WITH GRAVEL (SW): light yellowish brown  (2.5Y 6/3), 85%
fine to coarse grained sand, subangular to subrounded; 15% fine to
coarse gravel up to 26 mm, subrounded; trace silt; poorly sorted;
contains quartz, feldspar, mica, amphibole, and other.

SAND (SP): light yellowish brown  (2.5Y 6/3), 95% fine to medium
grained sand, subangular to subrounded; 5% silt; well sorted; contains
quartz, feldspar, mica, amphibole, and other.

SAND (SP): pale brown  (10YR 6/3), 100% fine to medium grained
sand, subangular, predominantly medium grained; trace silt; well
sorted; contains quartz, feldspar, mica, amphibole, and other.

GRAVEL WITH CLAY AND SAND (GP-GC): pale olive  (5Y 6/3), 50%
fine to coarse gravel up to 38 mm, subangular to subrounded; 40%
fine to coarse grained sand, subangular to subrounded; 10% clay, low
plasticity; poorly sorted; contains quartz, feldspar, mica, amphibole,
and other.

SILT (ML): olive  (5Y 5/3), 100% silt, dense, low to medium plasticity.

SILTY SAND (SM): olive  (5Y 5/3), 65% fine grained sand,
subrounded; 35% silt, low plasticity; well sorted; contains quartz,
mica, and other.

SAND (SP): olive gray  (5Y 5/2), 95% fine to coarse grained sand,
subangular to subrounded; 5% silt; trace fine gravel up to 6 mm,
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CEMEX
Monterey

Lapis Lustre
#60 fine sand

seal (276 - 280
ft bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack

(280 - 332.83
ft bgs)

4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots (290.41 -
330.41 ft bgs)

20

10

subangular to subrounded; medium sorted; contains quartz, feldspar,
mica, amphibole, and other; coarser grains subrounded.

SAND WITH GRAVEL (SP): light olive gray  (5Y 6/2), 80% fine to
coarse grained sand, subangular to subrounded; 15% fine to coarse
gravel up to 34 mm, subangular to subrounded, predominantly fine
grained; 5% silt; poorly to medium sorted; contains quartz, feldspar,
mica, amphibole, and other.

SAND (SP): light yellowish brown  (2.5Y 6/3), 90% fine to coarse
grained sand, subangular to subrounded; 5% fine gravel up to 7 mm,
subangular to subrounded; 5% clay; medium sorted; contains quartz,
feldspar, mica, amphibole, and other.

SAND WITH CLAY AND GRAVEL (SP-SC): pale olive  (5Y 6/3), 50%
fine to coarse grained sand, subangular to subrounded; 40% fine to
coarse gravel up to 40 mm, subangular to subrounded; 10% clay, no
to low plasticity; poorly to medium sorted; contains quartz, feldspar,
mica, amphibole, and other.

CLAY (CL): pale olive  (5Y 6/3)  and  olive gray  (5Y 4/2), 100% clay,
low to medium plasticity; trace fine grained sand, subangular to
subrounded; contains quartz, mica, and, olive gray laminations.

CLAYEY SAND (SC): grayish brown  (2.5Y 5/2), 70% fine to coarse
grained sand, subangular to subrounded; 25% clay, low to medium
plasticity; 5% fine to coarse gravel up to 40 mm, subangular to
subrounded; contains quartz, feldspar, mica, amphibole, and other.

SAND WITH CLAY (SP-SC): light yellowish brown  (2.5Y 6/3), 85%
fine to coarse grained sand, subangular to subrounded; 10% clay, no
to low plasticity; 5% fine to coarse gravel up to 55 mm, subangular to
subrounded; contains quartz, feldspar, mica, amphibole, and other.

SANDY SILT (ML): olive  (5Y 4/4), 55% silt, low plasticity; 45% fine
grained sand, subangular; contains quartz, mica, amphibole, and
other.

SAND WITH CLAY AND GRAVEL (SP-SC): pale olive  (5Y 6/3), 75%
fine to coarse grained sand, subangular to subrounded,
predominantly medium grains; 15% fine to coarse gravel up to 61
mm, subangular to subrounded; 10% clay, low plasticity; contains
quartz, feldspar, mica, amphibole, and other; trace well rounded
siltstone cobbles.

SAND (SP): pale olive  (5Y 6/3), 95% fine to medium grained sand,
subangular to subrounded; 5% clay; well sorted; contains quartz,
feldspar, mica, amphibole, and other.

SAND (SP): pale olive  (5Y 6/3), 95% fine to coarse grained sand,
subangular to subrounded; 5% clay; trace fine gravel up to 6 mm,
subangular to subrounded; well sorted; wet sample; contains quartz,
feldspar, mica, amphibole, and other.

SAND (SP): light yellowish brown  (2.5Y 6/3), 95% fine to coarse
grained sand, subangular to subrounded; 5% clay; trace fine gravel
up to 6 mm, subangular to subrounded; well sorted; wet sample;
contains quartz, feldspar, mica, amphibole, and other.
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24

Blank casing
with end cap

(330.41 -
332.41)

TD 332.8 ft
bgs

SAND (SP): dark grayish brown  (10YR 4/2), 95% fine to medium
grained sand, subangular to subrounded, trace coarse grains; 5%
clay; well sorted; wet sample; contains quartz, feldspar, mica,
amphibole, and other; high mica content.

SAND (SP): pale olive  (5Y 6/3), 85% fine to coarse grained sand,
subangular; 10% fine to coarse gravel up to 75 mm, subangular; 5%
clay; trace cobbles; medium sorted; wet sample; contains quartz,
feldspar, mica, amphibole, and other; trace cobbles to 90mm; large
siltstones and mudstones, subrounded.

SAND WITH GRAVEL (SP): pale olive  (5Y 6/3), 85% fine to coarse
grained sand, subangular to subrounded; 15% fine to coarse gravel
up to 35 mm, subangular to subrounded; trace silt; medium sorted;
contains quartz, feldspar, mica, amphibole, and other.

GRAVELLY CLAY (CL): pale olive  (5Y 6/4), 70% clay, medium
plasticity; 20% fine gravel up to 17 mm, subangular; 10% fine to
medium grained sand, subangular; contains quartz, feldspar, mica,
and other.

FAT CLAY (CH): olive  (5Y 5/3), 100% clay, medium plasticity; thin
rusty laminations; contains trace mica.

SAND (SP): olive gray  (5Y 5/2), 95% fine grained sand, subangular
to subrounded; 5% clay, no to low plasticity; well sorted; contains
quartz, feldspar, mica, amphibole, and other; high mica and dark
mineral content.

FAT CLAY (CH): pale olive (10Y 6/4), 100% clay, medium plasticity.

SAND WITH SILT (SP-SM): olive gray  (5Y 5/2), 90% fine grained
sand, subrounded; 10% silt; well sorted; contains quartz, mica,
amphibole, and other; high mica and quartz content.

Bottom of borehole at 332.8 feet.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.20 ft ags -
42.7 ft bgs)

Neat Cement
(0 - 30 ft bgs)

8 in. borehole
(0-85.1 ft bgs)

27

SAND (SP): strong brown  (7.5YR 4/6), 100% fine to medium grained
sand, subangular to subrounded; contains quartz and feldspar.

SAND (SP): yellowish brown  (10YR 5/6), 100% fine to medium
grained sand, subangular to subrounded; contains quartz and
feldspar.

CLAYEY SAND (SC): strong brown  (7.5YR 5/6), 85% fine to medium
grained sand, subangular to subrounded; 10% clay, low to medium
plasticity; 5% silt; contains quartz and feldspar.

CLAYEY SAND (SC): strong brown  (7.5YR 5/6), 75% fine to medium
grained sand, subangular to subrounded; 20% clay, medium plasticity;
5% silt; contains quartz, feldspar, and amphibole.

SILTY SAND (SM): dark yellowish brown  (10YR 4/4), 85% fine to
medium grained sand, subangular to subrounded; 10% silt; 5% clay,
medium plasticity; contains quartz, feldspar, mica, and amphibole.

SAND (SP): brownish yellow  (10YR 6/8), 100% fine to medium
grained sand, subangular to subrounded.
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Cement pedestal

Stickup 2.2 ft
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Blank

Screen
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0.04
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Cascade Drilling
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DRILLING
RIG TYPE ProSonic 600T
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METHOD
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PVC

PVC

PVC

BOTTOM DEPTH
(ft bgs)

MATERIAL

BOREHOLE
DIAMETER

WALL
THICKNESS (in.)

LOGGED BY

SCREEN /
BLANK

SAMPLING
METHOD

START
DATE

78.05 ft NAVD88

80.25 ft NAVD88 (RP)

DRILLING CONTRACTOR
DRILLER

TOP DEPTH
(ft bgs)

LENGTH
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Neponset Rd

SCREEN
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Slotted

4 / ID
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2.4
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Graphic
Log

Lithologic Log

NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.
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CEMEX
Monterey

Lapis Lustre
#60 fine sand

seal (30 - 33 ft
bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack
(33 - 85.1 ft

bgs)

4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots (42.7 -
82.7 ft bgs)

27

SAND (SP): dark yellowish brown  (10YR 4/6), 95% fine grained sand,
subangular to subrounded; 5% silt; contains quartz, feldspar, and
mica.

SILTY SAND (SM): dark gray  (10YR 4/1), 80% fine grained sand,
subangular to subrounded; 20% silt; contains quartz, feldspar, and
mica.

SILT (ML): gray  (10YR 5/1), 60% silt; 30% clay, medium plasticity;
10% fine grained sand, subangular to subrounded; contains quartz,
feldspar, and mica; black ash spots.

SILTY SAND (SM): greenish gray (10GY 5/1), 70% fine grained sand,
subangular to subrounded; 30% silt; contains quartz, feldspar, and
mica.

CLAY (CL): greenish gray (10GY 5/1), 90% clay, medium to high
plasticity; 5% fine grained sand, subangular to subrounded; 5% silt.
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Graphic
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NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.
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Blank casing
with end cap

(82.7 - 85.1 ft
bgs)

TD 85.1 ft bgs

27

SILTY SAND (SM): dark bluish gray  (5B 4/1), 70% fine grained sand,
subangular to subrounded; 30% silt; contains quartz, feldspar, and
mica.

CLAY (CL): dark bluish gray  (5B 4/1), 70% clay, medium to high
plasticity; 30% silt.

SILTY SAND (SM): olive brown  (2.5Y 4/3), 80% fine grained sand,
subangular to subrounded; 20% silt; contains quartz, feldspar, and
amphibole.

Bottom of borehole at 85.1 feet.
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NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.31 ft ags -
100.4 ft bgs)

Neat Cement
(0 - 87 ft bgs)

10.75 in.
borehole

(0-100 ft bgs)

SAND (SP): strong brown  (7.5YR 4/6), 100% fine to medium grained
sand, subangular to subrounded; moist sample; contains quartz and
feldspar; unconsolidated.

SAND (SP): yellowish brown  (10YR 5/6), 100% fine to medium
grained sand, subangular to subrounded, trace coarse grains; moist
sample; contains quartz and feldspar; unconsolidated.

CLAYEY SAND (SC): strong brown  (7.5YR 4/6), 85% fine to medium
grained sand, subangular to subrounded; 10% clay, low to medium
plasticity; 5% silt; moist sample; contains quartz, feldspar, and
amphibole; unconsolidated.

CLAYEY SAND (SC): strong brown  (7.5YR 5/6), 75% fine to medium
grained sand, subangular to subrounded; 20% clay, medium plasticity;
5% silt; moist sample; contains quartz, feldspar, and amphibole;
unconsolidated.

SILTY SAND (SM): dark yellowish brown  (10YR 4/4), 85% fine to
medium grained sand, subangular to subrounded; 10% silt; 5% clay,
medium plasticity; moist sample; contains quartz, feldspar, mica, and
amphibole; unconsolidated.

SAND (SP): brownish yellow  (10YR 6/8), 100% sand, subangular to
subrounded, very fine to fine; moist sample; contains quartz, feldspar,
and mica; unconsolidated.
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Lithologic Log

NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.
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15

SAND (SP): dark yellowish brown  (10YR 4/6), 95% sand, subangular
to subrounded, very fine to fine; 5% silt; moist to wet sample; contains
quartz, feldspar, and mica; unconsolidated.

SILTY SAND (SM): dark gray  (10YR 4/1), 80% sand, subangular to
subrounded, very fine to fine; 20% silt; moist to wet sample; contains
quartz, feldspar, and mica; unconsolidated.

SILT (ML): gray  (10YR 5/1), 60% silt; 30% clay, medium plasticity;
10% sand, subangular to subrounded, very fine; moist sample;
contains quartz, feldspar, and mica.

SILTY SAND (SM): very dark gray  (10YR 3/1), 70% sand,
subangular to subrounded, very fine to fine; 30% silt; moist sample;
contains quartz, feldspar, and mica; unconsolidated.

SAND (SP): dark yellowish brown  (10YR 3/4), 100% sand,
subangular to subrounded, very fine to fine; moist to wet sample;
contains quartz, feldspar, and mica; unconsolidated.

SANDY CLAY (CL): greenish gray (10GY 5/1), 65% clay, medium
plasticity; 30% sand, subangular to subrounded, very fine to fine; 5%
silt; moist sample; contains quartz, feldspar, and mica.

CLAY (CL): greenish gray (10GY 5/1), 90% clay, medium to high
plasticity; 5% sand, subangular to subrounded, very fine to fine; 5%
silt; moist sample.

CLAY (CL): dark bluish gray  (5B 4/1), 95% clay, high plasticity; 5%
silt; moist sample.
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Graphic
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Lithologic Log

NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.
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CEMEX
Monterey

Lapis Lustre
#60 fine sand

seal (87 - 90 ft
bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack

(90 - 315 ft
bgs)

9.875 in.
borehole

(100-250 ft
bgs)

15

SILTY SAND (SM): dark bluish gray  (5B 4/1), 70% sand, subangular
to subrounded, very fine to fine; 30% silt; moist sample; contains
quartz, feldspar, and mica; unconsolidated.

CLAY (CL): dark bluish gray  (5B 4/1), 70% clay, medium to high
plasticity; 30% silt; moist sample.

SILTY SAND (SM): olive brown  (2.5Y 4/3), 80% sand, subangular to
subrounded, very fine to fine; 20% silt; contains quartz, feldspar, and
amphibole; unconsolidated.

CLAY (CL): very dark greenish gray (5GY 3/1), 95% clay, high
plasticity; 5% silt; moist sample.

SAND (SP): light olive brown  (2.5Y 5/6), 100% fine to medium
grained sand, subangular to subrounded; moist sample; contains
quartz, feldspar, mica, and amphibole; unconsolidated.

SAND (SP): dark yellowish brown  (10YR 4/4), 100% fine to medium
grained sand, subangular to subrounded; moist sample; contains
quartz, feldspar, and amphibole; unconsolidated.

SAND (SP): light olive brown  (2.5Y 5/3), 100% fine to medium
grained sand, subangular to subrounded; moist to wet sample;
contains quartz, feldspar, and amphibole; unconsolidated.

MPWSP MW-5M
WELL NUMBER

CLIENT
PROJECT NUMBER

Cal Am
14077-15

BOREHOLE LITHOLOGIC LOG (continued)
LOCATION

Marina, CA

True
Vertical
Depth
(feet)

75

80

85

90

95

100

105

110
Geoscience Support Services, Inc.

Depth
bgs

(feet)
(continued)

75

80

85

90

95

100

105

110

Sieve
Sample
Number

Drill
Rate
(ft/hr)

W
E

L
L

 C
O

N
S

T
R

U
C

T
IO

N
 L

O
G

  
M

P
W

S
P

 M
W

 T
M

 L
IT

H
 A

L
L

 W
E

L
L

S
.G

P
J
  

G
E

O
S

C
IE

N
C

E
.G

D
T

  
7

/7
/1

6

GEOSCIENCE
P.O. Box 220
Claremont, CA 91711
Telephone:  (909) 451-6650
Fax:  (909) 451-6638
www.gssiwater.com

Graphic
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Lithologic Log

NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.
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4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots  (100.4 -
310.4 ft bgs)

15

12.6

SAND (SP): light olive brown  (2.5Y 5/4), 100% medium grained sand,
subangular to subrounded, trace fine and course grains; moist to wet
sample; contains quartz, feldspar, and amphibole; unconsolidated.

SAND WITH GRAVEL (SP): light olive brown  (2.5Y 5/3), 70% fine to
coarse grained sand, subangular to subrounded; 25% fine to coarse
gravel subangular to subrounded; 5% cobbles; wet sample; contains
quartz, feldspar, mica, and amphibole; unconsolidated.

SAND WITH GRAVEL (SP): light olive brown  (2.5Y 5/3), 75%
medium to coarse grained sand; 20% fine to coarse gravel; 5%
cobbles; wet sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

SAND (SP): olive brown  (2.5Y 4/4), 100% fine grained sand,
subangular to subrounded; moist to wet sample; contains quartz,
feldspar, mica, and amphibole; unconsolidated.
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WELL NUMBER

CLIENT
PROJECT NUMBER

Cal Am
14077-15

BOREHOLE LITHOLOGIC LOG (continued)
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Graphic
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Lithologic Log

NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.
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12.6

SAND WITH GRAVEL (SP): olive brown  (2.5Y 4/4), 80% medium to
coarse grained sand, subangular to subrounded; 15% fine to coarse
gravel subangular to subrounded; 5% cobbles; moist to wet sample;
contains quartz, feldspar, mica, and amphibole; unconsolidated.

SAND WITH GRAVEL (SP): yellowish brown  (10YR 5/4), 50% coarse
grained sand, subangular to subrounded; 40% fine to coarse gravel
subangular to subrounded; 10% cobbles; wet sample; contains
quartz, feldspar, mica, and amphibole; unconsolidated.

SAND (SP): light yellowish brown  (2.5Y 6/4), 100% fine to medium
grained sand, subangular to subrounded; contains quartz and
feldspar; unconsolidated.

FAT CLAY (CH): light olive brown  (2.5Y 5/3), 80% clay, medium to
high plasticity; 20% silt; moist sample; contains reddish iron staining.

SILT (ML): grayish brown  (2.5Y 5/2), 80% silt; 20% clay, low to
medium plasticity; moist sample; contains red and black staining.

SAND WITH GRAVEL (SP): olive brown  (2.5Y 4/3), 80% medium to
coarse grained sand, subangular to subrounded; 15% fine to coarse
gravel subangular to subrounded; 5% cobbles; contains quartz and
feldspar; unconsolidated.
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Graphic
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NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.
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4.6

CLAYEY SAND WITH GRAVEL (SC): strong brown  (7.5YR 5/6),
55% fine to coarse grained sand, subangular to rounded; 25% clay,
no to low plasticity; 15% fine gravel subangular to rounded; 5% silt;
moist sample; contains quartz, feldspar, and amphibole; moderate to
high cementation.

SAND (SP): 95% fine grained sand, subangular to subrounded, some
medium to coarse grains; 5% fine gravel subangular to subrounded;
moist to wet sample; contains quartz and feldspar; unconsolidated.

SAND WITH GRAVEL (SP): dark yellowish brown  (10YR 4/6), 70%
coarse grained sand, subangular to subrounded; 25% fine to coarse
gravel subangular to subrounded; 5% cobbles; moist to wet sample;
moderate cementation; contains quartz, feldspar, and amphibole.

FAT CLAY (CH): grayish brown  (2.5Y 5/2), 60% clay, medium to high
plasticity; 30% silt; 10% sand, very fine with trace coarse grains;
moist sample.

SILT (ML): light olive brown  (2.5Y 5/3), 60% silt; 30% clay, medium
to high plasticity; 10% fine to coarse grained sand, subrounded; trace
fine gravel subrounded; moist sample.

SAND (SP): strong brown  (7.5YR 4/6), 95% fine to coarse grained
sand, subangular to rounded; 5% fine gravel subangular to rounded;
wet sample; contains quartz, feldspar, and amphibole;
unconsolidated.

SAND (SP): dark brown  (10YR 3/3), 100% fine grained sand,
subangular to subrounded; moist sample; contains quartz, feldspar,
mica, and amphibole; unconsolidated.
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8 in. borehole
(250-315 ft

bgs)

4.6

18.5

SAND (SP): dark brown  (10YR 3/3), 100% fine grained sand,
subangular to subrounded; wet sample; contains quartz, feldspar,
mica, and amphibole; unconsolidated.

SILTY SAND (SM): dark brown  (7.5YR 3/3), 80% fine grained sand,
subangular to subrounded; 20% silt; moist to wet sample; contains
quartz, feldspar, mica, and amphibole; unconsolidated.
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18.5

SAND (SP): dark brown  (7.5YR 3/2), 95% sand, subangular to
subrounded, very fine to fine grained; 5% silt; moist to wet sample;
contains quartz, feldspar, mica, and amphibole; unconsolidated.

SILTY SAND (SM): dark brown  (7.5YR 3/4), 85% sand, subangular
to subrounded, very fine to fine grained; 15% silt; moist to wet
sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

SAND (SP): dark brown  (7.5YR 3/3), 95% sand, subangular to
subrounded, very fine to fine grained; 5% silt; moist to wet sample;
contains quartz, feldspar, mica, and amphibole; unconsolidated.

CLAYEY SAND (SC): olive  (5Y 5/4), 60% sand, subangular to
subrounded, very fine to fine grained; 30% clay, low plasticity; 10%
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Blank casing
with end cap

(310.4 - 312.7
ft bgs)

TD 315 ft bgs

18.5

silt; moist to wet sample; contains quartz, feldspar, mica, and
amphibole; unconsolidated.

Bottom of borehole at 315 feet.
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4 in. ID x Sch
80 wall blank
PVC casing

(+1.97 ft ags -
395 ft bgs)

Neat cement
(0 - 382 ft bgs)

10.75 in.
borehole

(0-150 ft bgs)

6

5

SAND (SP): very dark brown  (7.5YR 2.5/2), 95% fine grained sand,
subangular to subrounded, trace medium grains; 5% silt; contains
quartz, feldspar, and mica; unconsolidated; contains organics.

SAND (SP): strong brown  (7.5YR 4/6)  and  dark yellowish brown
(10YR 4/4), 100% fine to medium grained sand, subangular to
subrounded, trace fine grains from 6-8 ft bgs and trace medium
grains from 1-6 ft bgs; contains quartz and feldspar; unconsolidated.

SAND (SP): yellowish brown  (10YR 5/6), 100% fine to medium
grained sand, subangular to subrounded, trace coarse grains;
contains quartz and feldspar; unconsolidated.

CLAYEY SAND (SC): strong brown  (7.5YR 4/6), 85% fine to medium
grained sand, subangular to subrounded; 10% clay, low to medium
plasticity; 5% silt; contains quartz and feldspar; unconsolidated.

CLAYEY SAND (SC): strong brown  (7.5YR 5/6), 75% fine to medium
grained sand, subangular to subrounded; 20% clay, medium plasticity;
5% silt; contains quartz and feldspar; unconsolidated.

SILTY SAND (SM): dark yellowish brown  (10YR 4/4), 85% fine to
medium grained sand, subangular to subrounded; 10% silt; 5% clay,
medium plasticity; contains quartz and feldspar; unconsolidated.

SAND (SP): brownish yellow  (10YR 6/8), 100% fine grained sand,
subangular to subrounded, very fine to fine grains; contains quartz,
feldspar, mica, and other; unconsolidated.
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1

2

5

8.5

SAND (SP): dark yellowish brown  (10YR 4/6), 95% fine grained sand,
subangular to subrounded, very fine to fine grains; 5% silt; contains
quartz, feldspar, and mica; unconsolidated.

SILTY SAND (SM): dark gray  (10YR 4/1), 80% fine grained sand,
subangular to subrounded, very fine to fine grains; 20% silt; contains
quartz, feldspar, and mica; unconsolidated.

SILT (ML): gray  (10YR 5/1), 60% silt; 30% clay, medium plasticity;
10% fine grained sand, subangular to subrounded, very fine grains;
contains quartz, feldspar, and mica; black ash-like spots.

SILTY SAND (SM): very dark gray  (10YR 3/1), 70% fine grained
sand, subangular to subrounded, very fine to fine grains; 30% silt;
contains quartz, feldspar, and mica; unconsolidated.

SAND (SP): dark yellowish brown  (10YR 3/4), 100% fine grained
sand, subangular to subrounded, very fine to fine grains; contains
quartz, feldspar, and mica; unconsolidated.

SANDY CLAY (CL): greenish gray (10GY 5/1), 65% clay, medium
plasticity; 30% fine grained sand, subangular to subrounded, very fine
to fine grains; 5% silt.

CLAY (CL): greenish gray (10GY 5/1), 90% clay, medium to high
plasticity; 5% fine grained sand, subangular to subrounded, very fine
to fine grains; 5% silt.

CLAY (CL): dark greenish gray (10Y 4/1), 75% clay, medium to high
plasticity; 25% silt.

CLAY (CL): dark bluish gray  (5B 4/1), 95% clay, high plasticity; 5%
silt.
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3

4

8.5

10

SAND (SP): olive brown  (2.5Y 4/3), 100% fine grained sand,
subangular to subrounded, very fine to fine grains; contains quartz,
feldspar, and mica.

SILTY SAND (SM): dark bluish gray  (5B 4/1), 70% fine grained sand,
subangular to subrounded, very fine to fine grains; 30% silt; contains
quartz, feldspar, and mica.

CLAY (CL): dark bluish gray  (5B 4/1), 70% clay, medium to high
plasticity; 30% silt; clay content increases with depth.

SILTY SAND (SM): olive brown  (2.5Y 4/3), 80% fine grained sand,
subangular to subrounded, very fine to fine grains; 20% silt; contains
quartz, feldspar, and mica; with visible alteration; iron oxide staining;
20% clay and 30% silt from 84-85 ft bgs.

CLAY (CL): very dark greenish gray (5GY 3/1), 95% clay, high
plasticity; 5% silt; black ash-like spots.

SAND (SP): light olive brown  (2.5Y 5/6), 100% fine to medium
grained sand, subangular to subrounded; contains quartz, feldspar,
and amphibole; shell fragments to 2mm.

SAND (SP): dark yellowish brown  (10YR 4/4), 100% fine to medium
grained sand, subangular to subrounded; contains quartz, feldspar,
and amphibole; trace shell fragments to 2mm.

SAND (SP): light olive brown  (2.5Y 5/3), 100% fine to medium
grained sand, subangular to subrounded; contains quartz, feldspar,
and amphibole; shell fragments to 0.43mm.

MPWSP MW-5D
WELL NUMBER

CLIENT
PROJECT NUMBER

Cal Am
14077-15

BOREHOLE LITHOLOGIC LOG (continued)
LOCATION

Marina, CA

True
Vertical
Depth
(feet)

75

80

85

90

95

100

105

110
Geoscience Support Services, Inc.

Depth
bgs

(feet)
(continued)

75

80

85

90

95

100

105

110

Sieve
Sample
Number

Drill
Rate
(ft/hr)

W
E

L
L

 C
O

N
S

T
R

U
C

T
IO

N
 L

O
G

  
M

P
W

S
P

 M
W

 T
M

 L
IT

H
 A

L
L

 W
E

L
L

S
.G

P
J
  

G
E

O
S

C
IE

N
C

E
.G

D
T

  
7

/7
/1

6

GEOSCIENCE
P.O. Box 220
Claremont, CA 91711
Telephone:  (909) 451-6650
Fax:  (909) 451-6638
www.gssiwater.com

Graphic
Log

Lithologic Log

NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.

APPENDIX C

C-105



5

6

7

8

9

10

SAND (SP): light olive brown  (2.5Y 5/4), 100% fine to coarse grained
sand, subangular to subrounded, predominantly medium grained;
contains quartz, feldspar, and amphibole; shell fragments to 4.8mm.

SAND WITH GRAVEL (SP): light olive brown  (2.5Y 5/3), 70% fine to
coarse grained sand, subangular to subrounded; 25% fine to coarse
gravel up to 75 mm, subangular to subrounded; 5% cobbles; contains
quartz, feldspar, mica, and amphibole; shell fragments to 4.8mm.

SILTY SAND (SM): light olive brown  (2.5Y 5/6), 80% fine to coarse
grained sand, subangular to subrounded; 15% silt; 5% fine to coarse
gravel subangular to subrounded; contains quartz, feldspar, mica, and
amphibole; shell fragments to 2mm.

SAND WITH GRAVEL (SP): light olive brown  (2.5Y 5/3), 75%
medium to coarse grained sand, subrounded to rounded; 20% fine to
coarse gravel subrounded to rounded; 5% cobbles; contains quartz,
feldspar, mica, and amphibole; shell fragments to 4.8mm.

SAND (SP): light olive brown  (2.5Y 5/4), 100% fine to coarse grained
sand, subangular to subrounded; trace fine gravel subangular to
subrounded; contains quartz, feldspar, mica, and amphibole; shell
fragments to 4.8mm.

SAND (SP): olive brown  (2.5Y 4/4), 100% fine grained sand,
subangular to subrounded; contains quartz, feldspar, mica, and
amphibole.
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11

12

13

14

9.875 in.
borehole

(150-300 ft
bgs)

9

SAND WITH GRAVEL (SP): olive brown  (2.5Y 4/4), 80% medium to
coarse grained sand, subangular to subrounded; 20% fine to coarse
gravel subangular to subrounded; contains quartz, feldspar, mica, and
amphibole; trace cobbles; shell fragments to 2mm.

SAND WITH GRAVEL (SP): yellowish brown  (10YR 5/4), 55% fine to
coarse grained sand, angular to rounded; 45% fine to coarse gravel
angular to rounded; contains quartz, feldspar, mica, and amphibole;
trace cobbles.

SAND (SP): light reddish brown  (2.5YR 6/4), 100% fine to medium
grained sand, subangular to subrounded; contains quartz and
feldspar.

FAT CLAY (CH): light olive brown  (2.5Y 5/3), 80% clay, medium to
high plasticity; 20% silt; with visible alteration; iron oxide staining.

SAND (SP): light olive brown  (2.5Y 5/4), 100% medium to coarse
grained sand, subangular to subrounded; contains quartz, feldspar,
and mica; shell fragments to 2mm.

SILT (ML): grayish brown  (2.5Y 5/2), 80% silt; 20% clay; red and
black staining; low to medium plasticity.

SAND WITH GRAVEL (SP): olive brown  (2.5Y 4/3), 80% medium to
coarse grained sand, subangular to subrounded; 20% fine to coarse
gravel subangular to subrounded; contains quartz and feldspar; trace
cobbles; clay lens from 190-190.5; chert; gravel content increases
with depth.
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15

16

17

9

CLAYEY SAND WITH GRAVEL (SC): strong brown  (7.5YR 4/6),
55% fine to coarse grained sand, subrounded to rounded, medium to
coarse grained from 197-198 ft bgs; 25% clay, no to low plasticity;
15% fine gravel subrounded to rounded; 5% silt; moderate
cementation; contains quartz, feldspar, and amphibole.

SAND (SP): gray  (7.5YR 5/1), 95% fine to coarse grained sand,
subrounded to rounded, predominantly fine; 5% fine gravel
subrounded to rounded; contains quartz and feldspar.

SAND WITH GRAVEL (SP): grayish brown  (10YR 5/2), 65% fine to
coarse grained sand, subrounded to rounded, predominantly medium
to coarse; 35% fine to coarse gravel subrounded to rounded; weak
cementation; contains quartz, feldspar, and amphibole; trace cobbles;
trace clay; iron oxide staining.

SAND WITH GRAVEL (SP): dark yellowish brown  (10YR 4/6), 70%
coarse grained sand, subangular to rounded; 30% fine to coarse
gravel subangular to rounded; moderate cementation; contains
quartz, feldspar, and amphibole; trace cobbles.

SAND (SP): grayish brown  (10YR 5/2), 88% fine to coarse grained
sand, subrounded to rounded, trace fine grained; 12% fine to coarse
gravel subrounded to rounded; contains quartz, feldspar, and
amphibole; trace cobbles; trace shell fragments to 2mm.

SAND (SP): grayish brown  (10YR 5/2), 85% fine to coarse grained
sand, subrounded to rounded, trace fine grained; 15% fine to coarse
gravel subrounded to rounded; moderate cementation; contains
quartz, feldspar, and amphibole; trace cobbles.

SAND (SP): dark grayish brown  (10YR 4/2), 100% fine grained sand,
subangular to subrounded; contains quartz, feldspar, mica, and
amphibole.

SAND WITH GRAVEL (SP): grayish brown  (2.5Y 5/2), 70% medium
to coarse grained sand, subrounded to rounded; 30% fine to coarse
gravel subrounded to rounded; contains quartz, and feldspar; trace
cobbles; trace clay from 217-217.5 ft bgs.

FAT CLAY (CH): brown  (10YR 5/3), 95% clay, high plasticity; 5% silt.

FAT CLAY (CH): brown  (10YR 4/3), 60% clay, medium to high
plasticity; 30% silt; 10% fine grained sand, trace coarse grains.

SILT (ML): light olive brown  (2.5Y 5/3), 60% silt; 30% clay, medium
to high plasticity; 10% sand, subrounded, fine and coarse; trace fine
gravel subrounded.

SAND WITH GRAVEL (SP): strong brown  (7.5YR 4/6), 85% fine to
coarse grained sand, subrounded to rounded, predominantly fine
grained; 15% fine gravel subrounded to rounded; weak cementation;
contains quartz, feldspar, and amphibole; trace shell fragments to
2mm; red iron oxide staining.

SAND (SP): dark brown  (10YR 3/3), 100% fine grained sand,
subangular to subrounded; contains quartz, feldspar, mica, and
amphibole; trace silt at 240 ft bgs; friable sandstone to 75mm.
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SILTY SAND (SM): dark brown  (7.5YR 3/3), 80% fine grained sand,
subangular to subrounded; 20% silt; contains quartz, feldspar, mica,
and amphibole.
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8 in. borehole
(300-440 ft

bgs)

16

3.6

SAND (SP): dark brown  (7.5YR 3/2), 95% fine grained sand,
subangular to subrounded, very fine to fine grains; 5% silt; contains
quartz, feldspar, mica, and amphibole.

SILTY SAND (SM): dark brown  (7.5YR 3/4), 85% fine grained sand,
subangular to subrounded, very fine to fine grains; 15% silt; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): dark brown  (7.5YR 3/3), 95% fine grained sand,
subangular to subrounded, very fine to fine grains; 5% silt; contains
quartz, feldspar, mica, and amphibole.

CLAY WITH SAND (CL): olive  (5Y 5/4), 80% clay, medium to high
plasticity; 15% fine grained sand, subangular to subrounded, very fine
to fine grains; 5% silt; contains quartz, feldspar, mica, and amphibole.
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CLAYEY SAND (SC): olive  (5Y 4/4), 60% fine grained sand,
subangular to subrounded, very fine to fine grains; 30% clay, low
plasticity; 10% silt; contains quartz, feldspar, mica, and amphibole.

SAND (SP): dark brown  (7.5YR 3/3), 100% fine grained sand,
subangular to subrounded; contains quartz, feldspar, mica, and
amphibole.

SILTY SAND (SM): olive brown  (2.5Y 4/3), 80% fine to medium
grained sand, subangular to subrounded; 15% silt; 5% clay; contains
quartz, feldspar, mica, and amphibole.

SAND WITH GRAVEL (SP): very dark grayish brown  (2.5Y 3/2), 80%
fine to medium grained sand, subangular to subrounded; 20% fine to
coarse gravel subangular to subrounded; contains quartz, feldspar,
mica, and amphibole; trace cobbles; chert; trace shell fragments to
4.8mm.

CLAYEY SAND (SC): light olive brown  (2.5Y 5/3), 75% fine grained
sand, subangular to subrounded; 20% clay, low plasticity; 5% silt;
contains quartz, feldspar, mica, and amphibole.

CLAY (CL): dark greenish gray (10Y 4/1), 90% clay, medium
plasticity; 10% silt; gray and black ash-like spots.

SILTY SAND (SM): dark yellowish brown  (10YR 4/4), 65% fine
grained sand, subangular to subrounded, very fine to fine grains; 35%
silt.

SILT WITH SAND (ML): greenish gray (10Y 5/1), 60% silt; 25% clay,
low plasticity; 15% fine grained sand, very fine grains.

SANDY CLAY (CL): greenish black (10GY 2.5/1), 60% clay, medium
plasticity; 40% fine to medium grained sand, subangular to
subrounded; contains quartz, feldspar, mica, and amphibole.

CLAYEY SAND (SC): olive  (5Y 4/4), 60% fine to coarse grained
sand, subangular to subrounded; 30% clay, low plasticity; 10% fine to
coarse gravel subangular to subrounded; contains quartz, feldspar,
mica, and amphibole; chert.

SILT (ML): dark greenish gray (10Y 4/1), 60% silt; 30% clay, low
plasticity; 10% fine grained sand, subangular to subrounded, very fine
grains.

CLAY (CL): dark grayish brown  (2.5Y 4/2), 90% clay, medium to high
plasticity; 5% fine grained sand, very fine grains; 5% silt.
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CEMEX
Monterey

Lapis Lustre
#60 fine sand

seal (382 - 385
ft bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack
(385 - 440 ft

bgs)

6

6.6

SANDY CLAY (CL): dark greenish gray (10Y 4/1), 50% clay, low to
medium plasticity; 35% fine grained sand, subangular to subrounded,
very fine to fine grains; 15% silt.

SANDY CLAY (CL): dark yellowish brown  (10YR 4/4), 50% clay, low
plasticity; 45% fine grained sand, subangular to subrounded; 5% silt.

CLAY (CL): dark yellowish brown  (10YR 4/4), 85% clay, medium to
high plasticity; 15% silt; gray spots to 3mm.

CLAY WITH SAND (CL): dark yellowish brown  (10YR 4/6), 60% clay,
medium plasticity; 25% fine grained sand, very fine grains; 15% silt.

SILT WITH SAND (ML): dark yellowish brown  (10YR 3/6), 50% silt;
25% fine grained sand, very fine grains; 25% clay, medium to high
plasticity.

CLAY (CL): light olive brown  (2.5Y 5/3), 100% clay, medium to high
plasticity.
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25

26

4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots (395 -
435 ft bgs)

6.6

SANDY SILT (ML): dark grayish brown  (2.5Y 4/2), 50% silt; 40% fine
grained sand, very fine grains; 10% clay.

FAT CLAY WITH SAND (CH): dark olive brown  (2.5Y 3/3), 75% clay,
high plasticity; 25% fine to medium grained sand, subangular to
subrounded; contains quartz, feldspar, mica, and amphibole.

SAND WITH GRAVEL (SP): dark greenish gray (10Y 4/1)  and  dark
brown  (10YR 3/3), 80% medium to coarse grained sand, subangular
to subrounded; 20% fine to coarse gravel subangular to subrounded;
contains quartz, feldspar, mica, and amphibole; chert; shell fragments
to 4.8mm; larger grains from 397.5-407.5 ft bgs.

SAND (SP): dark yellowish brown  (10YR 3/6), 100% fine to medium
grained sand, subangular to subrounded; contains quartz, feldspar,
mica, and amphibole; trace shell fragments to 4.8mm.

SAND WITH GRAVEL (SP): grayish brown  (2.5Y 5/2), 85% fine to
coarse grained sand, subangular to subrounded; 15% fine to coarse
gravel subrounded to rounded; contains quartz, feldspar, mica, and
amphibole; trace cobbles.

SAND (SP): grayish brown  (2.5Y 5/2), 95% medium to coarse
grained sand, subangular to subrounded; 5% fine to coarse gravel
rounded; contains quartz, feldspar, mica, and amphibole.

SAND (SP): light olive brown  (2.5Y 5/4), 95% medium grained sand,
subangular to subrounded; 5% fine gravel rounded; contains quartz,
feldspar, mica, and amphibole.

CLAYEY SAND WITH GRAVEL (SC): light olive brown  (2.5Y 5/4),
45% fine to medium grained sand, subangular to subrounded; 25%
clay, medium to high plasticity; 20% fine to coarse gravel subangular
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Blank casing
with end cap

(435 - 437.3 ft
bgs)

TD 440 ft bgs

to rounded; 10% cobbles; contains quartz, feldspar, mica, and
amphibole.

SAND (SP): greenish black (5GY 2.5/1), 90% medium to coarse
grained sand, subangular to subrounded; 10% fine to coarse gravel
subrounded; contains quartz, feldspar, mica, and amphibole.

SAND (SP): very dark greenish gray (10Y 3/1), 100% fine to medium
grained sand, subangular to subrounded; contains quartz, feldspar,
mica, and amphibole.

SAND WITH GRAVEL (SP): dark grayish brown  (2.5Y 4/2), 80% fine
to coarse grained sand, subangular to subrounded; 10% fine to
coarse gravel subangular to rounded; 10% cobbles; contains quartz,
feldspar, mica, and amphibole; trace cobbles.

Bottom of borehole at 440 feet.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.45 ft ags -
30.1 ft bgs)

Neat cement
(0-25 ft bgs)

8 in. borehole
(0-63 ft bgs)

CEMEX
Monterey

Lapis Lustre
#60 fine sand
seal (25-27 ft

bgs)

NO SAMPLE: No lithology was recorded in MW-6S.  Lithology below
is from MW-6M, located approximately 10 ft northeast of MW-6S.

SILTY SAND WITH GRAVEL (SM): dark olive brown  (2.5Y 3/3), 60%
fine to coarse grained sand, angular to subrounded; 20% fine to
coarse gravel angular to subrounded; 20% silt; medium sorted;
contains quartz, feldspar, mica, and amphibole.

SAND (SP): dark yellowish brown  (10YR 4/6), 100% fine to medium
grained sand, subangular to subrounded; trace silt; contains quartz,
feldspar, mica, and amphibole.

SANDY SILT (ML): black (N2.5), 60% silt; 40% fine grained sand,
subangular to subrounded; low plasticity; contains quartz, mica, and
amphibole.

SAND (SP): dark greenish gray (10GY 4/1), 100% fine grained sand,
subangular; trace silt; well sorted; contains quartz, feldspar, mica, and
amphibole.

SAND (SP): dark greenish gray (10GY 4/1), 100% fine to medium
grained sand, subangular to subrounded; medium sorted; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): dark grayish brown  (2.5Y 4/2), 95% fine to medium
grained sand, subangular to subrounded; 5% silt; medium sorted;
contains quartz, feldspar, mica, and amphibole.

D. King

Sch 80

Sch 80

Sch 80

Cement pedestal

Stickup 2.45
ft ags

Blank

Screen

Blank

-2.45

30.1

60.1
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0.04

REPORT DATE

PERF. SIZE
(in.)

SURFACE
ELEVATION

3/21/15
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3/20/15

Cascade Drilling

DIAMETER
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NOT LOGGED
DRILLING
RIG TYPE ProSonic 600T

TOC
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FINISH
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8 in

DRILLING
METHOD

Cement pedestal

PVC

PVC

PVC

BOTTOM DEPTH
(ft bgs)

MATERIAL

BOREHOLE
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WALL
THICKNESS (in.)

LOGGED BY

SCREEN /
BLANK

SAMPLING
METHOD

START
DATE

33.44 ft NAVD88

35.89 ft NAVD88 (RP)

DRILLING CONTRACTOR
DRILLER

TOP DEPTH
(ft bgs)

LENGTH
(ft)

Blanco Rd

SCREEN
TYPE

Slotted

4 / ID

4 / ID

4 / ID

32.55
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CEMEX
Monterey

Lapis Lustre
#3 filter pack

(27-63 ft bgs)

4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots

(30.1-60.1 ft
bgs)

Blank casing
with end cap
(60.1-62.5 ft

bgs)

TD 63 ft bgs

SAND (SP): grayish brown  (2.5Y 5/2), 100% fine to coarse grained
sand, subangular to subrounded; contains quartz, feldspar, mica, and
amphibole.

SAND (SP): dark gray  (2.5Y 4/1), 100% fine to medium grained
sand, subangular to subrounded; medium sorted; contains quartz,
feldspar, mica, and amphibole.

CLAYEY SAND (SC): black (N2.5), 50% medium grained sand,
subangular to subrounded; 20% silt; 20% clay, low plasticity; 10% fine
gravel subangular to subrounded.

SAND (SP): dark greenish gray (10GY 4/1), 100% fine to medium
grained sand, subangular to subrounded; medium sorted; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): very dark greenish gray (10G 3/1), 95% fine to coarse
grained sand, angular to subrounded; 5% clay; trace fine gravel
angular to subrounded; trace silt; poorly sorted; contains quartz,
feldspar, mica, and amphibole.

FAT CLAY WITH SAND (CH): very dark greenish gray (5GY 3/1),
50% clay, medium to high plasticity; 30% silt; 20% fine grained sand,
subangular to subrounded.

SAND (SP): greenish black (5G 2.5/1), 100% fine to medium grained
sand, subangular to subrounded; contains quartz, feldspar, mica, and
amphibole.

CLAY (CL): very dark greenish gray (5GY 3/1), 80% clay, low
plasticity; 20% silt.

Bottom of borehole at 63 feet.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.44 ft ags -
150.35 ft bgs)

Neat cement
(0-137 ft bgs)

9.875 in.
borehole

(0-130 ft bgs)

18

SILTY SAND WITH GRAVEL (SM): dark olive brown  (2.5Y 3/3), 60%
fine to coarse grained sand, angular to subrounded; 20% fine to
coarse gravel angular to subrounded; 20% silt; medium sorted;
contains quartz, feldspar, mica, and amphibole.

SAND (SP): dark yellowish brown  (10YR 4/6), 100% fine to medium
grained sand, subangular to subrounded; trace silt; contains quartz,
feldspar, mica, and amphibole.

SANDY SILT (ML): black (N2.5), 60% silt; 40% fine grained sand,
subangular to subrounded; low plasticity; contains quartz, mica, and
amphibole.

SAND (SP): dark greenish gray (10GY 4/1), 100% fine grained sand,
subangular; trace silt; well sorted; contains quartz, feldspar, mica, and
amphibole.

SAND (SP): dark greenish gray (10GY 4/1), 100% fine to medium
grained sand, subangular to subrounded; medium sorted; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): dark grayish brown  (2.5Y 4/2), 95% fine to medium
grained sand, subangular to subrounded; 5% silt; medium sorted;
contains quartz, feldspar, mica, and amphibole.
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SAND (SP): grayish brown  (2.5Y 5/2), 100% fine to coarse grained
sand, subangular to subrounded; contains quartz, feldspar, mica, and
amphibole.

SAND (SP): dark gray  (2.5Y 4/1), 100% fine to medium grained
sand, subangular to subrounded; medium sorted; contains quartz,
feldspar, mica, and amphibole.

CLAYEY SAND (SC): black (N2.5), 50% medium grained sand,
subangular to subrounded; 20% silt; 20% clay, low plasticity; 10% fine
gravel subangular to subrounded.

SAND (SP): dark greenish gray (10GY 4/1), 100% fine to medium
grained sand, subangular to subrounded; medium sorted; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): very dark greenish gray (10G 3/1), 95% fine to coarse
grained sand, angular to subrounded; 5% clay; trace fine gravel
angular to subrounded; trace silt; poorly sorted; contains quartz,
feldspar, mica, and amphibole.

FAT CLAY WITH SAND (CH): very dark greenish gray (5GY 3/1),
50% clay, medium to high plasticity; 30% silt; 20% fine grained sand,
subangular to subrounded.

SAND (SP): greenish black (5G 2.5/1), 100% fine to medium grained
sand, subangular to subrounded; contains quartz, feldspar, mica, and
amphibole.

CLAY (CL): very dark greenish gray (5GY 3/1), 80% clay, low
plasticity; 20% silt.
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SILT WITH SAND (MH): black (N2.5), 60% silt; 20% fine grained
sand, subangular to subrounded; 15% clay, high plasticity; 5% fine
gravel subangular to subrounded.

FAT CLAY (CH): greenish black (10GY 2.5/1), 80% clay, high
plasticity; 20% silt.

FAT CLAY (CH): greenish black (10GY 2.5/1), 100% clay, high
plasticity.
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11

FAT CLAY (CH): greenish black (5GY 2.5/1), 70% clay, medium
plasticity; 30% silt.

SAND (SP): brown  (10YR 5/3), 95% fine to coarse grained sand,
subangular to subrounded; 5% silt; contains quartz, feldspar, and
mica.

SAND WITH GRAVEL (SW): brown  (10YR 5/3), 80% fine to coarse
grained sand, subangular to subrounded; 15% fine to coarse gravel
subangular to subrounded; 5% cobbles; contains quartz, feldspar, and
mica.

FAT CLAY (CH): black (N2.5), 75% clay, medium to high plasticity;
20% silt; 5% fine grained sand.
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4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots

(150.35-210.35
ft bgs)

11

SAND WITH GRAVEL (SP): light olive brown  (2.5Y 5/3), 70%
medium to coarse grained sand, subangular to subrounded; 30% fine
gravel subangular to subrounded; contains quartz, feldspar, and
amphibole.

SAND (SP): olive brown  (2.5Y 4/3), 100% fine to medium grained
sand, subangular to subrounded; contains quartz, feldspar, mica, and
amphibole.

FAT CLAY (CH): black (N2.5), 80% clay; 10% silt; 5% fine to coarse
gravel; 5% fine to coarse grained sand; contains quartz, feldspar,
mica, and amphibole.

SAND WITH GRAVEL (SP): olive gray  (5Y 4/2), 60% fine to coarse
grained sand, subangular to subrounded; 30% fine gravel subangular
to subrounded; 10% cobbles; contains quartz, feldspar, and
amphibole.

SAND (SP): gray  (2.5Y 5/1), 95% fine to coarse grained sand,
angular to subrounded; 5% fine gravel angular to subrounded;
contains quartz, feldspar, and amphibole.

SAND (SP): gray  (2.5Y 5/1), 100% fine to medium grained sand,
subangular to subrounded; contains quartz, feldspar, mica, and
amphibole.

GRAVEL (GP): dark grayish brown  (2.5Y 4/2), 80% fine gravel
subangular to subrounded; 10% fine to coarse grained sand,
subangular to subrounded; 5% silt; 5% cobbles; contains quartz,
feldspar, mica, and amphibole.

CLAY (CL): light olive brown  (2.5Y 5/4), 85% clay, medium to high
plasticity; 10% silt; 5% fine grained sand.

SILTY SAND (SM): light olive brown  (2.5Y 5/4), 60% fine grained
sand; 25% silt; 15% clay, low plasticity; contains quartz, feldspar, and
mica.
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Blank casing
with end cap

(210.35-212.7
ft bgs)

TD 230 ft bgs

11

SAND (SP): brown  (10YR 5/3), 95% fine to coarse grained sand,
subangular to rounded; 5% fine gravel subangular to rounded;
contains quartz, feldspar, mica, and amphibole.

GRAVEL WITH SAND (GP): light olive brown  (2.5Y 5/3), 75% fine to
coarse gravel subangular to subrounded; 25% fine to coarse grained
sand, subangular to subrounded; contains quartz, feldspar, mica, and
amphibole.

FAT CLAY (CH): dark gray  (5Y 4/1), 85% clay; 10% silt; 5% sand.

SAND WITH GRAVEL (SP): olive brown  (2.5Y 4/3), 60% medium to
coarse grained sand, subangular to rounded; 35% fine to coarse
gravel subangular to rounded; 5% cobbles; contains quartz, feldspar,
and amphibole.

SANDY SILT (ML): light yellowish brown  (2.5Y 6/4), 60% silt; 40%
fine grained sand; low to medium plasticity.

SILTY SAND (SM): light olive brown  (2.5Y 5/3), 70% fine grained
sand; 30% silt.

CLAYEY SAND WITH GRAVEL (SC): grayish brown  (2.5Y 5/2), 55%
fine to coarse grained sand, subangular to rounded; 15% fine to
coarse gravel subangular to rounded; 15% silt; 15% clay, medium
plasticity; shale.

CLAYEY SAND (SC): light olive brown  (2.5Y 5/3), 60% fine grained
sand, subangular to subrounded; 30% clay, medium plasticity; 10%
silt; contains quartz, feldspar, mica, and amphibole.

FAT CLAY (CH): olive brown  (2.5Y 4/3), 95% clay, medium to high
plasticity; 5% silt.

Bottom of borehole at 230 feet.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.42 ft ags -
255.4 ft bgs)

Neat cement
(0 - 238 ft bgs)

10.75 in.
borehole

(0-150 ft bgs)

13.6

SILTY SAND (SM): dark olive brown  (2.5Y 3/3), 60% fine to coarse
grained sand, angular to rounded; 20% silt; 10% fine to coarse gravel
angular to rounded; 10% cobbles; poorly sorted; contains quartz,
feldspar, mica, and amphibole.

SAND (SP): dark yellowish brown  (10YR 4/6), 100% fine to medium
grained sand, subangular to subrounded, predominantly fine; poorly
sorted; contains quartz, feldspar, mica, and amphibole.

SILTY SAND (SM): black (N2.5), 60% fine grained sand, subangular
to subrounded; 40% silt, no to low plasticity; poorly sorted; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): dark greenish gray (10Y 4/1), 100% fine to medium
grained sand, subangular to subrounded, predominantly fine; poorly
sorted; contains quartz, feldspar, mica, and amphibole.

SAND (SP): dark greenish gray (10Y 4/1), 100% fine to medium
grained sand, subangular to subrounded, predominantly fine; poorly
sorted; contains quartz, feldspar, mica, and amphibole.

SAND (SP): brown  (7.5YR 4/4), 95% fine to medium grained sand,
subangular to subrounded; 5% silt; poorly sorted; contains quartz,
feldspar, mica, and amphibole.

SAND (SP): gray  (7.5YR 5/1), 100% fine to medium grained sand,
subangular to subrounded; poorly sorted; contains quartz, feldspar,
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13.6

mica, and amphibole.

CLAYEY SAND (SC): black (N2.5), 50% medium grained sand,
subangular to subrounded; 20% silt; 20% clay, medium to high
plasticity; 10% fine gravel subangular to subrounded; poorly sorted;
contains quartz, feldspar, mica, and amphibole.

SAND (SP): very dark greenish gray (5GY 3/1), 100% fine to medium
grained sand, subangular to subrounded; trace fine gravel subangular
to subrounded; trace silt; poorly sorted; contains quartz, feldspar,
mica, and amphibole.

FAT CLAY WITH SAND (CH): very dark greenish gray (5GY 3/1),
50% clay, high plasticity; 30% silt; 20% fine grained sand, subangular
to subrounded; contains quartz, feldspar, mica, and amphibole.

SAND (SP): greenish black (5GY 2.5/1), 100% fine to medium
grained sand, subangular to subrounded; poorly sorted; contains
quartz, feldspar, mica, and amphibole.

FAT CLAY (CH): very dark greenish gray (5GY 3/1), 80% clay, high
plasticity; 20% silt.
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NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.
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13.6

9

SILT WITH SAND (MH): black (N2.5), 60% silt, high plasticity; 20%
fine grained sand, subangular to subrounded; 15% clay; 5% fine
gravel subangular to subrounded.

FAT CLAY (CH): greenish black (10GY 2.5/1), 80% clay, high
plasticity; 20% silt.

FAT CLAY (CH): greenish black (10GY 2.5/1), 100% clay, high
plasticity.
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9

FAT CLAY (CH): greenish black (5GY 2.5/1), 70% clay, medium
plasticity; 30% silt.

SAND (SP): brown  (10YR 5/3), 95% fine to coarse grained sand,
subangular to subrounded; 5% silt; poorly sorted; contains quartz,
feldspar, and mica.

SAND WITH GRAVEL (SW): brown  (10YR 5/3), 70% fine to coarse
grained sand, subangular to subrounded; 30% fine to coarse gravel
subangular to subrounded; poorly sorted; contains quartz, feldspar,
mica, and amphibole.

FAT CLAY (CH): black (N2.5), 75% clay, medium to high plasticity;
20% silt; 5% fine grained sand.
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9.88 in.
borehole

(150-300 ft
bgs)

9

7

SAND WITH GRAVEL (SP): light olive brown  (2.5Y 5/3), 70%
medium to coarse grained sand, subangular to rounded; 30% fine
gravel subangular to rounded; poorly sorted; contains quartz, feldspar,
amphibole, and other.

SAND (SP): olive brown  (2.5Y 4/3), 100% fine to medium grained
sand, subangular to subrounded; poorly sorted; contains quartz,
feldspar, mica, and amphibole.

FAT CLAY (CH): black (N2.5), 80% clay, high plasticity; 10% silt; 5%
fine gravel subangular to subrounded; 5% fine to medium grained
sand, subangular to subrounded.

GRAVEL WITH SAND (GP): olive gray  (5Y 4/2), 50% fine to coarse
gravel subangular to rounded, predominantly coarse; 40% fine to
coarse grained sand, subangular to rounded; 10% cobbles; poorly
sorted; contains quartz, feldspar, amphibole, and other.

SAND (SP): olive gray  (5Y 4/2), 95% fine to coarse grained sand,
subangular to subrounded; 5% fine to coarse gravel subangular to
subrounded; poorly sorted; contains quartz, feldspar, mica, and
amphibole.

SAND WITH GRAVEL (SP): olive gray  (5Y 4/2), 60% fine to coarse
grained sand, subangular to subrounded; 30% fine to coarse gravel
subangular to subrounded; 10% cobbles; poorly sorted; contains
quartz, feldspar, amphibole, and evaporites; shale.

GRAVEL WITH SAND (GP): dark yellowish brown  (10YR 4/4), 50%
fine to coarse gravel subangular to rounded; 35% fine to coarse
grained sand, subangular to rounded; 5% silt; 10% cobbles; poorly
sorted; contains quartz, feldspar, and amphibole.

SAND (SP): gray  (2.5Y 5/1), 95% fine to coarse grained sand,
subangular to subrounded; 5% fine gravel subangular to subrounded;
poorly sorted; contains quartz, feldspar, mica, and amphibole.

GRAVEL WITH SAND (GP): dark grayish brown  (2.5Y 4/2), 80% fine
gravel subangular to subrounded; 15% fine to coarse grained sand,
subangular to subrounded; 5% silt; poorly sorted; contains quartz,
feldspar, amphibole, and other.

GRAVEL (GP): dark gray  (2.5Y 4/1), 85% fine to coarse gravel
subangular to rounded; 5% fine to coarse grained sand, subangular to
rounded; 5% silt; 5% cobbles; poorly sorted; contains quartz, feldspar,
amphibole, and other.

GRAVEL WITH SAND (GP): brown  (10YR 5/3), 65% fine to coarse
gravel subangular to rounded; 30% fine to coarse grained sand,
subangular to rounded; 5% cobbles; poorly sorted; contains quartz,
feldspar, amphibole, and other.

CLAY (CL): light olive brown  (2.5Y 5/4), 85% clay, low to medium
plasticity; 10% silt; 5% fine grained sand; red iron-oxide staining at
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7

188.7 ft contact.

SILTY SAND (SM): light olive brown  (2.5Y 5/4), 60% fine grained
sand, subangular to subrounded; 25% silt; 15% clay, low plasticity;
poorly sorted; contains quartz, feldspar, and mica.

SAND (SP): olive brown  (2.5Y 4/4), 95% fine to medium grained
sand, subangular to subrounded; 5% silt; poorly sorted; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): brown  (10YR 5/3), 95% fine to coarse grained sand,
subangular to rounded; 5% fine gravel subangular to rounded; poorly
sorted; contains quartz, feldspar, mica, and amphibole; shale.

SILTY SAND WITH GRAVEL (SM): light olive brown  (2.5Y 5/3), 40%
fine to coarse gravel subangular to rounded; 40% fine to coarse
grained sand, subangular to rounded; 15% silt; 5% clay, low plasticity;
poorly sorted; contains quartz, feldspar, and amphibole.

FAT CLAY (CH): dark gray  (5Y 4/1), 85% clay, high plasticity; 10%
silt; 5% medium grained sand, subangular to subrounded.

SAND (SW): dark grayish brown  (2.5Y 4/2), 90% fine to coarse
grained sand, subangular to subrounded; 10% fine gravel subangular
to subrounded; well sorted; contains quartz, feldspar, amphibole, and
other; trace shale.

SAND WITH GRAVEL (SP): olive brown  (2.5Y 4/3), 60% medium to
coarse grained sand, subangular to rounded; 35% fine to coarse
gravel subangular to rounded; 5% cobbles; poorly sorted; contains
quartz, feldspar, and amphibole; trace shale.

SANDY SILT (ML): light yellowish brown  (2.5Y 6/4), 60% silt, low to
medium plasticity; 40% fine grained sand.

SILTY SAND (SM): light olive brown  (2.5Y 5/3), 70% fine grained
sand; 30% silt; poorly sorted.

CLAYEY SAND WITH GRAVEL (SC): grayish brown  (2.5Y 5/2), 55%
fine to coarse grained sand, subangular to rounded; 15% fine to
coarse gravel subangular to rounded; 15% silt; 15% clay, medium
plasticity; poorly sorted; trace shale.

CLAYEY SAND (SC): grayish brown  (2.5Y 5/2), 60% fine grained
sand, subangular to subrounded; 30% clay, medium plasticity; 10%
silt; poorly sorted; contains quartz, feldspar, mica, and amphibole.

FAT CLAY (CH): light olive brown  (2.5Y 5/3), 70% clay, medium
plasticity; 20% silt; 10% fine grained sand.

FAT CLAY (CH): olive brown  (2.5Y 4/3), 95% clay, medium to high
plasticity; 5% silt.
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CEMEX
Monterey

Lapis Lustre
#60 fine sand

seal (238 - 242
ft bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack
(242 - 340 ft

bgs)

4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots (255.4 -
325.4 ft bgs)

7

10

SAND WITH SILT (SP-SM): dark yellowish brown  (10YR 3/6), 90%
fine grained sand; 10% silt; poorly sorted; contains quartz, feldspar,
mica, and amphibole; large boulder at 239 ft bgs.

SILT WITH SAND (ML): dark yellowish brown  (10YR 3/6), 70% silt,
no to low plasticity; 25% fine grained sand; 5% clay.

FAT CLAY (CH): olive gray  (5Y 4/2), 85% clay, medium to high
plasticity; 10% silt; 5% fine to medium grained sand, subangular to
subrounded.

SAND (SW): dark grayish brown  (2.5Y 4/2), 90% fine to coarse
grained sand, subangular to rounded; 5% fine gravel subangular to
rounded; 5% silt; poorly sorted; contains quartz, feldspar, mica, and
amphibole; shale.

GRAVEL WITH SAND (GP): black  (2.5Y 2.5/1), 55% fine to coarse
gravel subangular to rounded; 40% fine to coarse grained sand,
subangular to rounded; 5% cobbles; poorly sorted; contains quartz,
feldspar, mica, amphibole, and other; shale.

SAND WITH GRAVEL (SP): dark yellowish brown  (10YR 4/4), 80%
fine to coarse grained sand, subangular to rounded; 15% fine gravel
subangular to rounded; 5% silt; poorly sorted; contains quartz,
feldspar, mica, amphibole, and other.

SAND WITH GRAVEL (SP): dark brown  (10YR 3/3), 65% fine to
coarse grained sand, subangular to rounded; 30% fine to coarse
gravel subangular to rounded; 5% cobbles; poorly sorted; contains
quartz, feldspar, mica, amphibole, and other.

SILTY GRAVEL WITH SAND (GM): dark yellowish brown  (10YR 4/6),
40% fine to coarse gravel subangular to rounded; 30% fine to coarse
grained sand, subangular to rounded; 20% silt; 5% clay, low plasticity;
5% cobbles; poorly sorted; contains quartz, feldspar, mica, amphibole,
and other; shale.

SAND WITH GRAVEL (SP): light olive brown  (2.5Y 5/3), 60% fine to
coarse grained sand, subangular to subrounded; 30% fine to coarse
gravel subangular to subrounded; 10% cobbles; poorly sorted;
contains quartz, feldspar, mica, and amphibole; shale.
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8 in. borehole
(300-340 ft

bgs)

10

CLAY WITH GRAVEL (CL): light olive brown  (2.5Y 5/3), 65% clay,
medium to high plasticity; 20% fine to coarse gravel rounded; 5%
medium grained sand, rounded; 5% silt; 5% cobbles; contains quartz,
feldspar, mica, amphibole, evaporites, and other; shale.

SAND WITH GRAVEL (SW): dark yellowish brown  (10YR 3/4), 80%
fine to coarse grained sand, subangular to rounded; 15% fine to
coarse gravel subangular to rounded; 5% cobbles; poorly sorted;
contains quartz, feldspar, amphibole, and other.

GRAVELLY FAT CLAY (CH): olive  (5Y 4/4), 45% clay; 35% fine to
coarse gravel subangular to rounded; 10% coarse grained sand,
subangular to rounded; 5% silt; 5% cobbles; contains quartz, feldspar,
amphibole, and other; trace shale.

SAND WITH SILT AND GRAVEL (SP-SM): dark olive gray  (5Y 3/2),
65% fine to coarse grained sand, subangular to rounded; 20% fine to
coarse gravel subangular to rounded; 10% silt; 5% cobbles; poorly
sorted; contains quartz, feldspar, mica, and other; shale.

SAND WITH SILT AND GRAVEL (SP-SM): olive gray  (5Y 4/2), 60%
fine to coarse grained sand, subangular to rounded, predominantly
coarse; 20% fine to coarse gravel subangular to rounded,
predominantly fine; 10% silt; 10% cobbles; poorly sorted; shale.

SILTY SAND (SM): light olive brown  (2.5Y 5/4), 60% fine grained
sand; 40% silt; poorly sorted.

SILT WITH SAND (ML): light olive brown  (2.5Y 5/6), 75% silt, low
plasticity; 15% fine grained sand; 10% clay.

FAT CLAY (CH): olive  (5Y 5/3), 90% clay, medium to high; 10% silt.

SAND (SP): olive brown  (2.5Y 4/3), 90% fine to medium grained
sand, subangular to rounded; 5% fine gravel subangular to rounded;
5% cobbles; poorly sorted; contains quartz, feldspar, amphibole, and
other.

SAND WITH GRAVEL (SP): pale brown  (10YR 6/3), 75% fine to
coarse grained sand, subangular to rounded, grades coarser towards
312 ft bgs; 20% fine to coarse gravel subangular to rounded; 5%
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Blank casing
with end cap

(325.4-327.75
ft bgs)

TD 340 ft bgs

10

cobbles; poorly sorted; contains quartz, feldspar, amphibole, and
other; shale.

SAND (SW): dark yellowish brown  (10YR 4/6), 100% fine to coarse
grained sand, subangular to subrounded; poorly sorted; contains
quartz, feldspar, and amphibole.

SAND WITH SILT AND GRAVEL (SP-SM): dark grayish brown  (2.5Y
4/2), 45% fine to coarse grained sand, subangular to rounded; 35%
fine to coarse gravel subangular to rounded; 10% silt; 10% cobbles;
poorly sorted; contains quartz, feldspar, amphibole, and other.

GRAVELLY FAT CLAY (CH): olive gray  (5Y 4/2), 45% clay, medium
to high plasticity; 35% fine to coarse gravel subangular to rounded;
10% fine to coarse grained sand, subangular to rounded; 5% silt; 5%
cobbles; contains quartz, feldspar, amphibole, and other; shale.

Bottom of borehole at 340 feet.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.06 ft ags -
60 ft bgs)

Neat cement
(0-46 ft bgs)

8 in. borehole
(0-83 ft bgs)

20

SILTY SAND (SM): dark brown  (7.5YR 3/3), 70% fine to medium
grained sand; 30% silt; dry to moist sample; contains quartz, feldspar,
mica, and amphibole; top soil contains vegetation and organic layer
that is approximately 1 ft thick.

SILTY SAND (SM): dark brown  (7.5YR 3/2), 65% fine grained sand;
20% silt; 15% clay, low to medium plasticity; moist sample; contains
quartz, feldspar, mica, and amphibole; contains clumps of clay sand.

SAND (SP): light olive brown  (2.5Y 5/6), 100% fine to medium
grained sand, subangular to subrounded; moist sample; contains
quartz, feldspar, and mica; unconsolidated.

SAND WITH GRAVEL (SP): light yellowish brown  (2.5Y 6/3), 75%
fine to medium grained sand, subangular to subrounded, loose sand;
25% fine to coarse gravel subangular to subrounded, strongly
cemented sandstone gravel; dry sample; contains quartz, feldspar,
mica, and amphibole.
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Cement pedestal
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DRILLING CONTRACTOR
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CEMEX
Monterey

Lapis Lustre
#60 fine sand

seal (46 - 49.5
ft bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack
(49.5 - 83 ft

bgs)

4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots (60 - 80 ft

bgs)

20

SILTY SAND (SM): brown  (10YR 4/3), 85% sand; 15% silt, none to
low plasticity; moist sample; contains quartz, feldspar, mica, and
amphibole; unconsolidated.

SAND (SP): yellowish brown  (10YR 5/4), 100% fine grained sand;
moist to wet sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

NO SAMPLE: No recovery; lost core within borehole.

SAND (SP): pale brown  (10YR 6/3), 90% medium to coarse grained
sand, subangular to subrounded; 10% fine gravel subangular to
subrounded; wet sample; contains quartz, feldspar, mica, and
amphibole; unconsolidated.

SAND (SP): light brownish gray  (10YR 6/2), 100% fine to medium
grained sand, subangular to subrounded; wet sample; contains
quartz, feldspar, mica, and amphibole; unconsolidated.

SAND (SP): light brownish gray  (10YR 6/2), 100% medium to coarse
grained sand, subangular to subrounded; wet sample; contains
quartz, feldspar, mica, and amphibole.

SAND WITH GRAVEL (SP): dark yellowish brown  (10YR 3/6), 80%
fine to coarse grained sand, subangular to subrounded; 20% fine
gravel subangular to subrounded; wet sample; contains quartz,
feldspar, mica, and amphibole; unconsolidated.

SAND (SP): dark yellowish brown  (10YR 4/4), 90% fine to coarse
grained sand, subangular to subrounded; 10% fine gravel subangular
to subrounded; wet sample; contains quartz, feldspar, mica, and
amphibole; unconsolidated.

SAND (SP): strong brown  (7.5YR 4/6), 95% fine to coarse grained
sand, subangular to subrounded; 5% fine gravel rounded; wet sample;
contains quartz, feldspar, mica, and amphibole; unconsolidated.
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Blank casing
with end cap

(80-82.4 ft
bgs)

TD 83 ft bgs

20

SAND (SP): dark yellowish brown  (10YR 4/4), 100% fine to coarse
grained sand, subangular to subrounded; wet sample; contains
quartz, feldspar, mica, and amphibole; unconsolidated.

SAND WITH SILT (SP-SM): olive brown  (2.5Y 4/3), 90% sand, very
fine to fine grained sand; 10% silt; wet sample; contains quartz,
feldspar, mica, and amphibole; unconsolidated.

SILT WITH SAND (ML): olive brown  (2.5Y 4/3), 50% silt; 25% fine
grained sand; 25% clay; moist sample; contains quartz, feldspar,
mica, and amphibole; medium to high plasticity.

Bottom of borehole at 83 feet.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.09 ft ags -
130 ft bgs)

Neat cement
(0-117 ft bgs)

9.875 in.
borehole (0-90

ft bgs)

SILTY SAND (SM): dark brown  (7.5YR 3/3), 70% fine to medium
grained sand; 30% silt; dry to moist sample; contains quartz, feldspar,
mica, and amphibole; contains top soil.

SILTY SAND (SM): dark brown  (7.5YR 3/2), 65% fine grained sand;
20% silt; 15% clay, low to medium plasticity; contains quartz, feldspar,
mica, and amphibole; contains clumps of clayey sand.

SAND (SP): light olive brown  (2.5Y 5/6), 100% fine to medium
grained sand, subangular to subrounded; moist sample; contains
quartz, feldspar, and mica; unconsolidated.

SAND WITH GRAVEL (SP): light yellowish brown  (2.5Y 6/3), 75%
fine to medium grained sand, subangular to subrounded; 25% fine to
coarse gravel subangular to subrounded; dry sample; contains quartz,
feldspar, mica, and amphibole; contains strongly cemented sand with
gravel matrix; loose sand.
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RIG TYPE ProSonic 600T
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DATE
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METHOD
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SILTY SAND (SM): brown  (10YR 4/3), 85% sand, very fine to fine
grained; 15% silt, none to low plasticity; moist sample; contains
quartz, feldspar, mica, and amphibole; unconsolidated.

SAND (SP): pale brown  (10YR 6/3), 100% fine to coarse grained
sand, subangular to subrounded; wet sample; contains quartz,
feldspar, mica, and amphibole; unconsolidated.

SAND (SP): pale brown  (10YR 6/3), 90% medium to coarse grained
sand, subangular to subrounded; 10% fine gravel subangular to
subrounded; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

SAND (SP): light brownish gray  (10YR 6/2), 100% fine to coarse
grained sand, subangular to subrounded; wet sample; contains
quartz, feldspar, mica, and amphibole; unconsolidated.

SAND (SP): yellowish brown  (10YR 5/4), 100% fine grained sand;
wet sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

SAND (SP): strong brown  (7.5YR 4/6), 95% fine to coarse grained
sand, subangular to subrounded; 5% fine gravel rounded; wet sample;
contains quartz, feldspar, mica, and amphibole; unconsolidated.
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8 in. borehole
(90-223 ft bgs)

5

SAND WITH SILT (SP-SM): olive brown  (2.5Y 4/3), 90% sand, very
fine to fine grained; 10% silt; wet sample; contains quartz, feldspar,
mica, and amphibole; unconsolidated.

SILT WITH SAND (ML): light olive brown  (2.5Y 5/3), 80% silt; 20%
sand, very fine to fine grained; low to medium plasticity; moist sample;
contains quartz, feldspar, mica, and amphibole; unconsolidated.

CLAY (CL): greenish black (10GY 2.5/1), 100% clay, high plasticity;
moist sample.

SAND (SP): dark yellowish brown  (10YR 4/4), 100% medium grained
sand, subangular to subrounded; wet sample; contains quartz,
feldspar, mica, and amphibole; unconsolidated.

CLAY (CL): greenish black (10GY 2.5/1), 100% clay, high plasticity;
moist sample.
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CEMEX
Monterey

Lapis Lustre
#60 fine sand

seal (117 - 120
ft bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack

(120 - 223.375
ft bgs)

4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots (130 -
220 ft bgs)

5

SAND (SP): dark yellowish brown  (10YR 3/6), 95% fine to coarse
grained sand, subangular to subrounded; 5% fine gravel subangular
to subrounded; wet sample; contains quartz, feldspar, mica, and
amphibole; unconsolidated.

SILTY SAND (SM): brown  (10YR 5/3), 85% fine to medium grained
sand, subangular to subrounded; 15% silt, none to low plasticity;
moist to wet sample; contains quartz, feldspar, and mica;
unconsolidated.

SAND (SP): brown  (10YR 5/3), 100% sand, very fine to fine grained;
contains quartz, feldspar, mica, and amphibole; unconsolidated.

CLAY (CL): greenish gray (10GY 6/1), 100% clay, high plasticity;
moist sample.
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SILT (ML): dark greenish gray (10Y 4/1), 90% silt; 10% sand, very
fine to fine grained; low plasticity; moist sample.

CLAY (CL): dark greenish gray (10Y 4/1), 85% clay, low plasticity;
10% sand, very fine grained; 5% silt; moist sample.

SILTY SAND (SM): dark greenish gray (10Y 4/1), 75% sand, very fine
grained; 20% silt; 5% clay; moist to wet sample; contains quartz,
feldspar, mica, and amphibole; unconsolidated.

SAND WITH CLAY (SP-SC): dark greenish gray (10Y 4/1), 90% fine
to coarse grained sand, subangular to subrounded; 10% clay; wet
sample; contains quartz, feldspar, mica, and amphibole; contains
clumps of clay.

CLAYEY SAND WITH GRAVEL (SC): grayish brown  (2.5Y 5/2), 65%
sand, subangular to subrounded; 20% clay, low plasticity; 15% gravel
subangular to subrounded; trace cobbles; moist sample; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): dark yellowish brown  (10YR 4/6), 100% fine grained
sand; wet sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

GRAVEL WITH SAND (GP): dark brown  (7.5YR 3/2), 60% fine to
coarse gravel rounded; 35% fine to coarse grained sand, subangular
to subrounded; 5% cobbles; wet sample; contains quartz, feldspar,
mica, and amphibole; contains trace round cobbles; unconsolidated.
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Blank casing
with end cap

(220-222.38 ft
bgs)

TD 223.375 ft
bgs

SAND (SP): dark brown  (10YR 3/3), 100% sand, very fine to fine
grained; wet sample; unconsolidated.

Bottom of borehole at 223.375 feet.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.24 ft ags -
295 ft bgs)

Neat cement
(0-281 ft bgs)

10.75 in.
borehole

(0-147 ft bgs)

SILTY SAND (SM): dark brown  (7.5YR 3/3), 70% fine to medium
grained sand; 30% silt; poorly sorted; contains quartz, feldspar, mica,
and amphibole.

SILTY SAND (SM): dark brown  (7.5YR 3/2), 65% fine grained sand;
20% silt; 15% clay, low to medium plasticity; poorly sorted; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): light olive brown  (2.5Y 5/6), 100% fine to medium
grained sand, subangular to subrounded; poorly sorted; contains
quartz, feldspar, and mica.

SAND WITH GRAVEL (SP): light yellowish brown  (2.5Y 6/3), 75%
fine to medium grained sand, subangular to subrounded; 25% fine to
coarse gravel subangular to subrounded; poorly sorted; strong
cementation; contains quartz, feldspar, mica, and amphibole;
sandstone.
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DRILLING
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DATE
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METHOD

Cement pedestal

PVC

PVC

PVC

BOTTOM DEPTH
(ft bgs)

MATERIAL

BOREHOLE
DIAMETER
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SCREEN /
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METHOD
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DATE

48.05 ft NAVD88

50.24 ft NAVD88 (RP)
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LENGTH
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Lapis Rd
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1

SILTY SAND (SM): brown  (10YR 4/3), 85% fine grained sand; 15%
silt, no to low plasticity; poorly sorted; contains quartz, feldspar, mica,
and amphibole.

SAND (SP): yellowish brown  (10YR 5/4), 100% fine grained sand;
poorly sorted; contains quartz, feldspar, mica, and amphibole.

SAND (SP): pale brown  (10YR 6/3), 100% fine to coarse grained
sand, subangular to subrounded; poorly sorted; contains quartz,
feldspar, mica, and amphibole.

SAND (SP): pale brown  (10YR 6/3), 90% medium to coarse grained
sand, subangular to subrounded; 10% fine gravel subangular to
subrounded; poorly sorted; contains quartz, feldspar, mica, and
amphibole.

SAND (SP): light brownish gray  (10YR 6/2), 100% fine to medium
grained sand, subangular to subrounded; poorly sorted; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): dark yellowish brown  (10YR 3/6), 100% fine to coarse
grained sand, subangular to subrounded; poorly sorted; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): dark yellowish brown  (10YR 4/4), 100% fine to coarse
grained sand, subangular to subrounded; poorly sorted; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): yellowish brown  (10YR 5/4), 100% fine grained sand;
poorly sorted; contains quartz, feldspar, mica, and amphibole.

SAND (SP): strong brown  (7.5YR 4/6), 95% fine to coarse grained
sand, subangular to rounded; 5% fine gravel subangular to rounded;
poorly sorted; contains quartz, feldspar, mica, and amphibole.
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SAND (SP): dark yellowish brown  (10YR 4/4), 100% fine to coarse
grained sand, subangular to subrounded; poorly sorted; contains
quartz, feldspar, mica, and amphibole.

SAND WITH SILT (SP-SM): olive brown  (2.5Y 4/3), 90% fine grained
sand; 10% silt; poorly sorted; contains quartz, feldspar, mica, and
amphibole.

ELASTIC SILT WITH SAND (MH): olive brown  (2.5Y 4/3), 50% silt,
medium to high plasticity; 25% fine grained sand; 25% clay; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): dark yellowish brown  (10YR 4/4), 100% fine to medium
grained sand, subangular to subrounded; poorly sorted; contains
quartz, feldspar, mica, and amphibole.

SILT WITH SAND (ML): light olive brown  (2.5Y 5/3), 80% silt, low to
medium plasticity; 20% fine grained sand; contains quartz, feldspar,
mica, and amphibole.

SAND (SP): dark yellowish brown  (10YR 4/6), 100% fine to medium
grained sand, subangular to subrounded; poorly sorted; contains
quartz, feldspar, and mica.

CLAY (CL): greenish black (10GY 2.5/1), 100% clay, high plasticity.

SAND (SP): dark yellowish brown  (10YR 4/4), 100% medium grained
sand, subangular to subrounded; poorly sorted; contains quartz,
feldspar, mica, and amphibole.

NO SAMPLE.

SAND (SP): dark yellowish brown  (10YR 4/4), 100% medium grained
sand, subangular to subrounded; poorly sorted; contains quartz,
feldspar, mica, and amphibole.

FAT CLAY (CH): black (N2.5), 100% clay, high plasticity.
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9.875 in.
borehole

(147-297 ft
bgs)

SAND WITH SILT (SP-SM): yellowish brown  (10YR 5/4), 90% fine to
medium grained sand, subangular to subrounded; 10% silt; poorly
sorted; contains quartz, feldspar, mica, and amphibole.

SAND (SP): dark yellowish brown  (10YR 3/6), 100% fine to coarse
grained sand, subangular to subrounded; trace fine gravel subangular
to subrounded; poorly sorted; contains quartz, feldspar, mica, and
amphibole.

SAND (SP): brown  (10YR 5/3), 90% fine to coarse grained sand,
subangular to rounded; 5% fine to coarse gravel subangular to
rounded; poorly sorted; contains quartz, feldspar, mica, and
amphibole; 5% cobbles.

SILTY SAND (SM): yellowish brown  (10YR 5/4), 70% fine grained
sand; 30% silt, no to low plasticity; poorly sorted; contains quartz,
feldspar, and mica.

SILTY SAND (SM): brown  (10YR 5/3), 85% fine to medium grained
sand, subangular to subrounded; 15% silt, no to low plasticity; poorly
sorted; contains quartz, feldspar, and mica.

SAND (SP): brown  (10YR 5/3), 100% fine grained sand; poorly
sorted; contains quartz, feldspar, mica, and amphibole.

SAND (SP): brown  (10YR 4/3), 100% fine grained sand; poorly
sorted.

SAND (SP): brownish yellow  (10YR 6/8), 100% fine to medium
grained sand, subangular to subrounded; poorly sorted; contains
quartz, feldspar, and mica.

FAT CLAY (CH): greenish gray (10GY 6/1), 100% clay, high plasticity.
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SILT (ML): greenish gray (10Y 6/1), 90% silt, low plasticity; 10% fine
grained sand.

CLAY (CL): greenish gray (10GY 6/1), 85% clay, low plasticity; 10%
fine grained sand; 5% silt.

SILTY SAND (SM): dark greenish gray (10GY 4/1), 75% fine grained
sand; 20% silt; 5% clay; poorly sorted; contains quartz, feldspar, mica,
and amphibole.

SILTY SAND (SM): dark greenish gray (10GY 4/1), 70% fine to
coarse grained sand, subangular to subrounded; 20% silt; 5% fine to
coarse gravel subangular to subrounded; 5% clay; poorly sorted;
contains quartz, feldspar, mica, and amphibole.

SAND (SP): dark greenish gray (10GY 4/1), 90% fine to coarse
grained sand, subangular to rounded; 5% fine gravel subangular to
rounded; 5% clay; poorly sorted; contains quartz, feldspar, mica, and
amphibole.

CLAYEY SAND (SC): light yellowish brown  (2.5Y 6/3), 75% fine to
coarse grained sand, subangular to subrounded; 20% clay, high
plasticity; 5% silt; poorly sorted; contains quartz, feldspar, mica, and
amphibole.

CLAYEY SAND WITH GRAVEL (SC): grayish brown  (2.5Y 5/2), 65%
fine to coarse grained sand, subangular to subrounded; 20% clay, low
plasticity; 15% fine to coarse gravel subangular to subrounded; poorly
sorted; contains quartz, feldspar, mica, and amphibole.

SAND (SP): dark yellowish brown  (10YR 3/4), 100% fine grained
sand; poorly sorted; contains quartz, feldspar, mica, and amphibole.

SANDY CLAY (CL): greenish gray (10GY 6/1), 60% clay, high
plasticity; 40% fine to coarse grained sand, subangular to
subrounded; contains quartz, feldspar, mica, and amphibole.

SAND (SP): dark yellowish brown  (10YR 4/6), 100% fine to coarse
grained sand, subangular to subrounded; poorly sorted; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): light yellowish brown  (2.5Y 6/4)  and  strong brown
(7.5YR 4/6), 100% medium grained sand, subangular to subrounded;
poorly sorted; contains quartz, feldspar, mica, and amphibole.

GRAVEL WITH SAND (GP): dark brown  (7.5YR 3/2), 60% fine to
coarse gravel subangular to rounded; 40% fine to coarse grained
sand, subangular to rounded; trace cobbles; poorly sorted; contains
quartz, feldspar, mica, and amphibole; trace cobbles.

MPWSP MW-7D
WELL NUMBER

CLIENT
PROJECT NUMBER

Cal Am
14077-15

BOREHOLE LITHOLOGIC LOG (continued)
LOCATION

Marina, CA

True
Vertical
Depth
(feet)

155

160

165

170

175

180

185

190
Geoscience Support Services, Inc.

Depth
bgs

(feet)
(continued)

155

160

165

170

175

180

185

190

Sieve
Sample
Number

Drill
Rate
(ft/hr)

W
E

L
L

 C
O

N
S

T
R

U
C

T
IO

N
 L

O
G

  
M

P
W

S
P

 M
W

 T
M

 L
IT

H
 A

L
L

 W
E

L
L

S
.G

P
J
  

G
E

O
S

C
IE

N
C

E
.G

D
T

  
7

/7
/1

6

GEOSCIENCE
P.O. Box 220
Claremont, CA 91711
Telephone:  (909) 451-6650
Fax:  (909) 451-6638
www.gssiwater.com

Graphic
Log

Lithologic Log

NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.

APPENDIX C

C-179



9

10

11

11

SAND WITH GRAVEL (SP): brown  (10YR 5/3), 75% fine to coarse
grained sand, subangular to rounded; 20% fine to coarse gravel
subangular to rounded; 5% cobbles; poorly sorted; contains quartz,
feldspar, mica, and amphibole; 5% cobbles.

SAND (SP): dark brown  (10YR 3/3), 100% fine grained sand; trace
cobbles; trace fine to coarse gravel; trace silt; poorly sorted; contains
quartz, feldspar, mica, and amphibole; sandstone.

FAT CLAY (CH): dark greenish gray (10Y 4/1), 100% clay, high
plasticity.

CLAYEY SAND (SC): brown  (10YR 4/3), 70% fine grained sand;
20% clay, low plasticity; 10% silt; poorly sorted; contains quartz,
feldspar, mica, and amphibole.
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SAND WITH CLAY (SP-SC): olive brown  (2.5Y 4/4), 90% fine
grained sand; 5% silt; 5% clay; poorly sorted; contains quartz,
feldspar, mica, and amphibole.

SAND WITH SILT (SP-SM): olive brown  (2.5Y 4/4), 80% fine to
coarse grained sand, subangular to rounded; 10% silt; 5% fine to
coarse gravel subangular to rounded; 5% cobbles; poorly sorted;
contains quartz, feldspar, mica, and amphibole.

SANDY CLAY WITH GRAVEL (CL): olive brown  (2.5Y 4/4), 50%
clay, high plasticity; 20% fine to coarse gravel subangular to rounded;
20% fine to coarse grained sand, subangular to rounded; 5% silt; 5%
cobbles; contains quartz, feldspar, mica, and amphibole.

SAND (SP): olive brown  (2.5Y 4/4), 95% fine to medium grained
sand, subangular to subrounded; 5% fine gravel subangular to
subrounded; poorly sorted; contains quartz, feldspar, mica, and
amphibole.

CLAYEY GRAVEL WITH SAND (GC): olive brown  (2.5Y 4/4), 50%
fine to coarse gravel subangular to rounded; 25% fine to coarse
grained sand, subangular to rounded; 10% silt; 10% clay; 5% cobbles;
poorly sorted; contains quartz, feldspar, mica, and amphibole.

SAND WITH CLAY (SP-SC): olive brown  (2.5Y 4/4), 90% fine to
coarse grained sand, subangular to subrounded; 5% silt; 5% clay;
poorly sorted; contains quartz, feldspar, and amphibole.

CLAY WITH SAND (CL): olive gray  (5Y 4/2), 75% clay, low to
medium plasticity; 15% fine to coarse grained sand, subangular to
rounded; 5% fine to coarse gravel subangular to rounded; 5%
cobbles; contains quartz, feldspar, mica, and amphibole.

CLAYEY SAND (SC): brown  (7.5YR 4/4), 80% fine to coarse grained
sand, subangular to subrounded; 10% silt; 10% clay, low plasticity;
poorly sorted; contains quartz, feldspar, mica, and amphibole.

CLAYEY SAND (SC): grayish brown  (2.5Y 5/2), 65% fine to medium
grained sand, subangular to subrounded; 20% clay, medium to high
plasticity; 15% silt; poorly sorted; contains quartz, feldspar, mica, and
amphibole.

SAND (SP): grayish brown  (2.5Y 5/2), 100% fine to medium grained
sand, subangular to subrounded; poorly sorted; contains quartz,
feldspar, mica, and amphibole.

FAT CLAY (CH): light yellowish brown  (2.5Y 6/3), 70% clay, medium
to high plasticity; 30% silt.

SAND (SP): dark grayish brown  (2.5Y 4/2), 95% fine grained sand;
5% silt; trace fine gravel; trace clay; poorly sorted; contains quartz,
feldspar, mica, and amphibole.
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CEMEX
Monterey

Lapis Lustre
#60 fine sand

seal (281 - 285
ft bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack

(285 - 347.77
ft bgs)

8 in. borehole
(297-350 ft

bgs)

4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots (295 -
345 ft bgs)

8

SAND (SP): olive brown  (2.5Y 4/3), 90% fine to coarse grained sand,
subangular to rounded; 10% fine to coarse gravel subangular to
rounded; poorly sorted; contains quartz, feldspar, mica, and
amphibole; shale.

SAND (SP): 90% medium to coarse grained sand, subangular to
rounded; 10% fine to coarse gravel subangular to rounded; poorly
sorted; contains quartz, feldspar, mica, and amphibole.

CLAY (CL): 60% clay, low plasticity; 40% silt.

SAND (SP): grayish brown  (2.5Y 5/2), 100% fine to medium grained
sand, subangular to subrounded; poorly sorted.

SAND (SP): olive brown  (2.5Y 4/3), 90% fine to coarse grained sand,
subangular to rounded; 10% fine gravel subangular to rounded; poorly
sorted; contains quartz, feldspar, mica, and amphibole.

GRAVEL WITH SAND (GP): light olive brown  (2.5Y 5/6), 65% fine to
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with end cap

(345 - 347.77
ft bgs)

Backfill with
native material
(347.77-350 ft

bgs)

TD 350 ft bgs
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coarse gravel subangular to subrounded; 20% fine to coarse grained
sand, subangular to subrounded; 5% cobbles; poorly sorted; contains
quartz, feldspar, mica, and amphibole.

SAND WITH CLAY AND GRAVEL (SP-SC): light olive brown  (2.5Y
5/3), 65% fine to coarse grained sand, subangular to subrounded;
20% fine to coarse gravel subangular to subrounded; 5% silt; 5% clay;
5% cobbles; poorly sorted; contains quartz, feldspar, mica, and
amphibole.

SAND WITH GRAVEL (SP): grayish brown  (2.5Y 5/2), 75% coarse
grained sand, subangular to subrounded; 15% fine to coarse gravel
subangular to subrounded; 5% silt; 5% cobbles; poorly sorted;
contains quartz, feldspar, mica, and amphibole.

FAT CLAY WITH GRAVEL (CH): olive gray  (5Y 5/2), 55% clay,
medium to high plasticity; 15% fine to coarse gravel subangular to
subrounded; 10% fine to coarse grained sand, subangular to
subrounded; 5% silt; 15% cobbles; contains quartz, feldspar, mica,
and amphibole.

FAT CLAY (CH): olive gray  (5Y 5/2), 100% clay, high plasticity.

SAND (SP): olive gray  (5Y 4/2), 100% fine to medium grained sand,
subangular to subrounded; poorly sorted; contains quartz, feldspar,
mica, and amphibole.

GRAVEL WITH SAND (GP): olive brown  (2.5Y 4/3), 50% fine to
coarse gravel subangular to subrounded; 35% fine to coarse grained
sand, subangular to subrounded; 5% silt; 10% cobbles; poorly sorted;
contains quartz, feldspar, mica, and amphibole; shale.

SAND WITH GRAVEL (SP): olive brown  (2.5Y 4/3), 50% fine to
coarse grained sand, subangular to subrounded; 35% fine to coarse
gravel subangular to subrounded; 5% silt; 10% cobbles; poorly sorted;
contains quartz, feldspar, mica, and amphibole.

GRAVELLY FAT CLAY (CH): olive brown  (2.5Y 4/3), 50% clay, high
plasticity; 35% fine to coarse gravel subrounded to rounded; 10% fine
to coarse grained sand, subrounded to rounded; 5% cobbles;
contains quartz, feldspar, mica, and amphibole.

SAND WITH SILT (SP-SM): olive brown  (2.5Y 4/3), 80% fine to
coarse grained sand; 10% fine gravel; 10% silt; poorly sorted;
contains quartz, feldspar, mica, and amphibole.

SAND WITH GRAVEL (SP): light olive brown  (2.5Y 5/3), 50% fine to
coarse grained sand, subangular to subrounded; 35% fine to coarse
gravel subangular to subrounded; 5% silt; 10% cobbles; poorly sorted;
contains quartz, feldspar, mica, and amphibole.

GRAVELLY FAT CLAY (CH): light yellowish brown  (2.5Y 6/3), 50%
clay, high plasticity; 35% fine to coarse gravel subrounded to
rounded; 10% fine to coarse grained sand, subrounded to rounded;
5% cobbles; contains quartz, feldspar, mica, and amphibole.
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SAND WITH GRAVEL (SP): olive brown  (2.5Y 4/3), 50% fine to
coarse grained sand, subangular to subrounded; 35% fine to coarse
gravel subangular to subrounded; 5% silt; 10% cobbles; poorly sorted;
contains quartz, feldspar, mica, and amphibole.

Bottom of borehole at 350 feet.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.14 ft ags -
40.03 ft bgs)

Neat cement
(0-27 ft bgs)

8 in. borehole
(0-84 ft bgs)

CEMEX
Monterey

Lapis Lustre
#60 fine sand

seal (27 - 30 ft
bgs)

SAND (SP): very dark brown  (10YR 2/2), 95% fine to medium
grained sand, subangular to subrounded; 5% silt; moist sample;
contains quartz, feldspar, and amphibole; top soil contains vegetation;
unconsolidated.

SAND WITH SILT (SP-SM): light brownish gray  (10YR 6/2), 90% fine
to coarse grained sand, subangular to subrounded; 10% silt; wet
sample; contains quartz, feldspar, and amphibole; unconsolidated.

SAND WITH SILT (SP-SM): yellowish brown  (10YR 5/4), 90% fine to
coarse grained sand, subangular to subrounded; 10% silt; wet
sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

SAND WITH SILT (SP-SM): dark brown  (7.5YR 3/4), 85% fine to
coarse grained sand, subangular to subrounded; 10% silt; 5% fine to
coarse gravel subangular to subrounded; wet sample; contains
quartz, feldspar, mica, and amphibole.

SILTY SAND WITH GRAVEL (SM): dark yellowish brown  (10YR 3/6),
60% fine to coarse grained sand, subangular to subrounded; 20%
gravel subangular to subrounded; 15% silt; 5% cobbles; wet sample;
contains quartz, feldspar, and amphibole; unconsolidated.

SAND WITH GRAVEL (SP): yellowish brown  (10YR 5/4), 65% fine to
coarse grained sand, subangular to subrounded; 30% fine gravel
subangular to subrounded; 5% cobbles; wet sample.

SAND (SP): light olive brown  (2.5Y 5/6), 85% fine to coarse grained
sand, subangular to subrounded; 10% fine gravel subangular to
subrounded; 5% cobbles; contains quartz, feldspar, mica, and
amphibole; unconsolidated.

SAND (SP): light yellowish brown  (2.5Y 6/4), 95% fine to coarse
grained sand, subangular to subrounded; 5% cobbles; wet sample;
contains quartz, feldspar, mica, and amphibole; contains igneous and
sedimentary cobbles; unconsolidated.

SAND (SP): light yellowish brown  (2.5Y 6/4), 100% medium to coarse
grained sand, subangular to subrounded; wet sample; contains
quartz, feldspar, mica, and amphibole; unconsolidated.

SAND (SP): olive brown  (2.5Y 4/3), 100% sand, very fine to fine
grained sand; moist to wet sample; contains quartz, feldspar, mica,
and amphibole; unconsolidated.

D. King

Sch 80

Sch 80

Sch 80
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REPORT DATE

PERF. SIZE
(in.)

SURFACE
ELEVATION
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Sonic

5/12/15

Cascade Drilling

DIAMETER
(in.)

A. Khalighi
DRILLING
RIG TYPE ProSonic 600T

TOC
ELEVATION

FINISH
DATE

Core

8 in

DRILLING
METHOD

Cement pedestal

PVC

PVC

PVC

BOTTOM DEPTH
(ft bgs)

MATERIAL

BOREHOLE
DIAMETER

WALL
THICKNESS (in.)

LOGGED BY

SCREEN /
BLANK

SAMPLING
METHOD

START
DATE

17.82 ft NAVD88

19.96 ft NAVD88 (RP)

DRILLING CONTRACTOR
DRILLER

TOP DEPTH
(ft bgs)

LENGTH
(ft)

Monte Rd

SCREEN
TYPE

Slotted

4 / ID

4 / ID

4 / ID

42.17

40
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Graphic
Log

Lithologic Log

NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.
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CEMEX
Monterey

Lapis Lustre
#3 filter pack
(30 - 82.54 ft

bgs)

4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots

(40.03-80.03 ft
bgs)

4

CLAY (CL): olive gray  (5Y 4/2), 90% clay, high plasticity; 10% silt;
moist sample.

SAND (SP): dark yellowish brown  (10YR 4/6), 100% fine to medium
grained sand, subangular to subrounded; wet sample; contains
quartz, feldspar, and amphibole; unconsolidated.

SAND (SP): dark yellowish brown  (10YR 4/4), 100% fine to coarse
grained sand, subangular to subrounded; wet sample; contains
quartz, feldspar, and amphibole; unconsolidated.

SAND (SP): brown  (10YR 4/3), 90% fine to coarse grained sand,
subangular to subrounded; 10% fine gravel subangular to
subrounded; wet sample; contains quartz, feldspar, and amphibole;
contains igneous and sedimentary gravel; unconsolidated.

SAND (SP): grayish brown  (10YR 5/2), 100% medium to coarse
grained sand, subangular to rounded, predominately coarse grained
sand; wet sample; contains quartz, feldspar, and amphibole;
unconsolidated.

SAND (SP): dark brown  (10YR 3/3), 95% sand, very fine to fine
grained sand; 5% silt; trace cobbles; moist to wet sample; contains
rounded igneous and sedimentary cobbles (less than 5%);
unconsolidated.
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NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.
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Blank casing
with end cap

(80.03-82.54 ft
bgs)

TD 84 ft bgs

4

SAND WITH GRAVEL (SP): grayish brown  (10YR 5/2), 80% fine to
coarse grained sand, subangular to subrounded; 15% gravel
subangular to subrounded; 5% cobbles; contains quartz, feldspar, and
amphibole; contains igneous and sedimentary cobbles;
unconsolidated.

SAND (SP): dark yellowish brown  (10YR 3/4), 100% sand, very fine
to fine grained sand; moist to wet sample; contains quartz, feldspar,
mica, and amphibole; contains lens of coarse gravel; unconsolidated.

Bottom of borehole at 84 feet.
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NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.17 ft ags -
125.04 ft bgs)

Neat cement
(0-112 ft bgs)

9.875 in.
borehole

(0-150 ft bgs)

40

SAND (SP): very dark brown  (10YR 2/2), 95% fine to medium
grained sand, subangular to subrounded; 5% silt; contains quartz,
feldspar, and amphibole; top soil with vegetation.

SAND WITH SILT (SP-SM): brownish yellow  (10YR 6/6), 90% fine to
coarse grained sand, subangular to subrounded; 10% silt; wet
sample; contains quartz, feldspar, and amphibole.

SAND WITH SILT (SP-SM): yellowish brown  (10YR 5/4), 90% fine to
coarse grained sand, subangular to subrounded; 10% silt; contains
quartz, feldspar, mica, and amphibole.

SAND WITH SILT (SP-SM): dark brown  (7.5YR 3/4), 85% fine to
coarse grained sand, subangular to subrounded; 10% silt; 5% fine to
coarse gravel subangular to subrounded; contains quartz, feldspar,
mica, and amphibole.

SILTY SAND WITH GRAVEL (SM): dark yellowish brown  (10YR 3/6),
65% fine to coarse grained sand, subangular to subrounded; 20% fine
gravel subangular to subrounded; 15% silt; contains quartz, feldspar,
and amphibole.

SAND WITH GRAVEL (SP): yellowish brown  (10YR 5/4), 65% fine to
coarse grained sand, subangular to subrounded; 35% fine to coarse
gravel subangular to subrounded; contains quartz, feldspar, mica, and
amphibole.

SAND WITH GRAVEL (SP): light olive brown  (2.5Y 5/6), 85% fine to
coarse grained sand, subangular to subrounded; 15% fine gravel
subangular to subrounded, round; contains quartz, feldspar, mica,
and amphibole.

SAND (SP): light yellowish brown  (2.5Y 6/4), 95% fine to coarse
grained sand, subangular to subrounded; 5% fine gravel subangular
to subrounded; wet sample; contains quartz, feldspar, mica, and
amphibole.

SAND (SP): light yellowish brown  (2.5Y 6/4), 100% medium to coarse
grained sand, subangular to subrounded; wet sample; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): olive brown  (2.5Y 4/3), 100% sand, subrounded, very
fine to fine grained; contains quartz, feldspar, mica, and amphibole.
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DATE
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DRILLER
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TYPE
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4 / ID

127.21

90

2.5

MPWSP MW-8M
WELL NUMBER

CLIENT
PROJECT NUMBER

Cal Am
14077-15

BOREHOLE LITHOLOGIC LOG
LOCATION

Marina, CA

True
Vertical
Depth
(feet)

5

10

15

20

25

30
Geoscience Support Services, Inc.

Depth
bgs

(feet)

5

10

15

20

25

30

Sieve
Sample
Number

Drill
Rate
(ft/hr)

W
E

L
L

 C
O

N
S

T
R

U
C

T
IO

N
 L

O
G

  
M

P
W

S
P

 M
W

 T
M

 L
IT

H
 A

L
L

 W
E

L
L

S
.G

P
J
  

G
E

O
S

C
IE

N
C

E
.G

D
T

  
7

/7
/1

6

GEOSCIENCE
P.O. Box 220
Claremont, CA 91711
Telephone:  (909) 451-6650
Fax:  (909) 451-6638
www.gssiwater.com

Graphic
Log
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NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.
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40

26

SAND (SP): dark yellowish brown  (10YR 4/6), 100% fine to medium
grained sand, subangular to subrounded; wet sample; contains
quartz, feldspar, and amphibole.

SAND (SP): dark yellowish brown  (10YR 4/4), 100% fine to coarse
grained sand, subangular to subrounded; wet sample; contains
quartz, feldspar, and amphibole.

SAND (SP): brown  (10YR 4/3), 90% fine to coarse grained sand,
subangular to subrounded; 10% gravel subangular to subrounded;
contains quartz, feldspar, and amphibole.

SAND (SP): grayish brown  (10YR 5/2), 100% medium to coarse
grained sand, subangular to rounded, predominantly coarse grained;
wet sample; contains quartz, feldspar, and amphibole.

SAND (SP): dark brown  (10YR 3/3), 95% sand, very fine to fine
grained; 5% silt; trace cobbles; moist sample; contains trace cobbles.
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Graphic
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Lithologic Log

NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.
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26

SAND WITH GRAVEL (SP): grayish brown  (10YR 5/2), 80% fine to
coarse grained sand, subangular to subrounded; 20% fine to coarse
gravel subrounded to rounded; contains quartz, feldspar, and
amphibole.

SAND (SP): dark yellowish brown  (10YR 3/4), 100% sand, very fine
to fine grained; moist sample; contains quartz, feldspar, mica, and
amphibole.

SANDY SILT (ML): dark yellowish brown  (10YR 4/6), 60% silt; 40%
sand, very fine to fine grained; contains quartz, feldspar, mica, and
amphibole.

FAT CLAY (CH): grayish brown  (2.5Y 5/2)  and  grayish green  (5G
4/2), 100% clay, high plasticity.

SILT (ML): light olive brown  (2.5Y 5/4), 75% silt; 15% clay, medium
plasticity; 10% fine grained sand; moist sample.
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NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.
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CEMEX
Monterey

Lapis Lustre
#60 fine sand

seal (112 - 115
ft bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack
(115 - 220 ft

bgs)

4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots

(125.04-215.04
ft bgs) 8

SAND (SP): light olive brown  (2.5Y 5/3), 100% fine to medium
grained sand, subangular to subrounded, predominantly medium
grained; moist sample; contains quartz, feldspar, mica, and
amphibole.

SAND WITH GRAVEL (SP): brown  (10YR 5/3), 85% fine to coarse
grained sand, subangular to subrounded; 15% fine to coarse gravel
subangular to subrounded; contains quartz, feldspar, and amphibole;
contains slight clay matrix.

FAT CLAY (CH): light yellowish brown  (2.5Y 6/3), 100% clay, medium
plasticity.

SAND WITH GRAVEL (SP): dark grayish brown  (10YR 4/2), 70%
fine to coarse grained sand, subangular to subrounded; 30% fine to
coarse gravel subangular to subrounded; trace silt; contains quartz,
feldspar, mica, and amphibole.

SILT (ML): olive  (5Y 5/3), 100% silt; low to medium plasticity.

SAND WITH GRAVEL (SP): pale brown  (10YR 6/3), 75% fine to
coarse grained sand; 25% fine to coarse gravel; medium sorted;
contains quartz, feldspar, mica, and amphibole.

SILT (ML): olive  (5Y 5/3), 100% silt.
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NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.

APPENDIX C

C-203



8 in. borehole
(150-220 ft

bgs)

8

30

SAND WITH GRAVEL (SP): dark yellowish brown  (10YR 4/6), 75%
fine to coarse grained sand, subangular to subrounded, subangular to
subrounded; 25% fine to coarse gravel subangular to subrounded,
subrounded; contains quartz, feldspar, and amphibole.

CLAYEY GRAVEL (GC): dark olive gray  (5Y 3/2), 50% fine to coarse
gravel subrounded to rounded; 45% clay, medium plasticity; 5% fine
to coarse grained sand, subrounded to rounded; contains quartz,
feldspar, and amphibole.

SAND WITH GRAVEL (SP): very dark grayish brown  (10YR 3/2),
75% fine to coarse grained sand, subangular to subrounded; 25% fine
to coarse gravel subangular to subrounded; trace silt; wet sample;
contains quartz, feldspar, and amphibole; contains Monterey Shale.

SAND WITH GRAVEL (SP): dark yellowish brown  (10YR 3/6), 85%
fine to coarse grained sand, subrounded to rounded; 15% fine to
coarse gravel subrounded to rounded; wet sample; contains quartz,
feldspar, and amphibole; contains Monterey Shale.

SAND (SP): very dark grayish brown  (10YR 3/2), 100% fine grained
sand; wet sample; weak cementation; contains quartz, feldspar, mica,
and amphibole; grain size becomes fine from 210 ft to 220 ft and
contains high amphibole content and silt (5% to 10%).
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NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.
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Blank casing
with end cap

(215.04-217.54
ft bgs)

TD 220 ft bgs

30

Bottom of borehole at 220 feet.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.10 ft ags -
300 ft bgs)

Neat Cement
(0-285 ft bgs)

10.75 in.
borehole

(0-150 ft bgs)

SAND (SP): very dark brown  (10YR 2/2), 95% fine to medium
grained sand, subangular to subrounded; 5% silt; contains quartz,
feldspar, and amphibole.

SAND WITH SILT (SP-SM): light brownish gray  (10YR 6/2), 90% fine
to coarse grained sand, subangular to subrounded; 10% silt; contains
quartz, feldspar, amphibole, and other.

SAND WITH SILT (SP-SM): yellowish brown  (10YR 5/4), 90% fine to
coarse grained sand, subangular to subrounded; 10% silt; contains
quartz, feldspar, amphibole, and other.

SAND WITH SILT (SP-SM): dark brown  (7.5YR 3/4), 85% fine to
coarse grained sand, subangular to subrounded; 10% silt; 5% fine
gravel subangular to subrounded; contains quartz, feldspar,
amphibole, and other.

SILTY SAND WITH GRAVEL (SM): dark yellowish brown  (10YR 3/6),
60% fine to coarse grained sand, subangular to rounded; 20% fine to
coarse gravel subangular to rounded; 15% silt; 5% cobbles; contains
quartz, feldspar, mica, amphibole, and other.

SAND WITH GRAVEL (SP): yellowish brown  (10YR 5/4), 65% fine to
coarse grained sand, subangular to rounded; 30% fine gravel
subangular to rounded; 5% cobbles; contains quartz, feldspar,
amphibole, and other.

SAND (SP): light olive brown  (2.5Y 5/6), 85% fine to coarse grained
sand, subangular to rounded; 10% fine gravel subangular to rounded;
5% cobbles; contains quartz, feldspar, mica, and amphibole.

SAND (SP): light yellowish brown  (2.5Y 6/4), 95% fine to coarse
grained sand, subangular to rounded; 5% cobbles; contains quartz,
feldspar, mica, and amphibole.

SAND (SP): light yellowish brown  (2.5Y 6/4), 100% medium to coarse
grained sand, subangular to subrounded; contains quartz, feldspar,
mica, and amphibole.

SAND (SP): olive brown  (2.5Y 4/3), 100% fine grained sand, very
fine grained; contains quartz, feldspar, mica, and amphibole.
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CLAY (CL): olive gray  (5Y 4/2), 90% clay, high plasticity; 10% silt.

SAND (SP): dark yellowish brown  (10YR 4/6), 100% fine to medium
grained sand, subangular to subrounded; contains quartz, feldspar,
amphibole, and other.

SAND (SP): dark yellowish brown  (10YR 4/4), 100% fine to coarse
grained sand, subangular to subrounded; contains quartz, feldspar,
and amphibole.

SAND (SP): brown  (10YR 4/3), 90% fine to coarse grained sand,
subangular to subrounded; 10% fine gravel subangular to
subrounded; contains quartz, feldspar, and amphibole.

SAND (SP): grayish brown  (10YR 5/2), 100% medium to coarse
grained sand, subangular to rounded; contains quartz, feldspar, and
amphibole.

SAND (SP): dark brown  (10YR 3/3), 95% fine grained sand,
subangular to subrounded; 5% silt; trace cobbles; contains quartz,
feldspar, mica, and amphibole.
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SAND WITH GRAVEL (SP): grayish brown  (10YR 5/2), 80% fine to
coarse grained sand, subangular to rounded; 15% fine to coarse
gravel subangular to rounded; 5% cobbles; contains quartz, feldspar,
and amphibole.

SAND (SP): dark yellowish brown  (10YR 3/4), 100% fine grained
sand, some very fine; contains quartz, feldspar, mica, and amphibole.

SAND WITH GRAVEL (SP): grayish brown  (2.5Y 5/2), 85% fine to
coarse grained sand, subangular to rounded; 15% fine to coarse
gravel subangular to rounded; contains quartz, feldspar, and
amphibole.

SAND (SP): black (N2.5), 100% fine grained sand; contains quartz,
feldspar, mica, and amphibole.

FAT CLAY (CH): grayish brown  (2.5Y 5/2), 100% clay, medium to
high plasticity.

FAT CLAY (CH): grayish green  (5G 4/2), 100% clay, medium to high
plasticity.

SILT (ML): light olive brown  (2.5Y 5/4), 60% silt; 30% clay, low to
medium plasticity; 10% fine grained sand.
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CLAYEY SAND (SC): dark greenish gray (10Y 4/1), 60% fine grained
sand; 20% silt; 20% clay, low plasticity.

SAND (SP): olive brown  (2.5Y 4/3), 100% fine grained sand; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): brown  (10YR 5/3), 85% fine to coarse grained sand,
angular to rounded; 10% fine to coarse gravel angular to rounded; 5%
cobbles; contains quartz, feldspar, and amphibole.

CLAY (CL): light yellowish brown  (2.5Y 6/3), 95% clay, medium
plasticity; 5% silt.

SAND (SP): dark grayish brown  (10YR 4/2), 90% fine to medium
grained sand, subangular to subrounded; 10% fine gravel subangular
to subrounded; contains quartz, feldspar, mica, and amphibole.

GRAVELLY CLAY (CL): dark gray  (2.5Y 4/1), 55% clay, medium
plasticity; 35% fine to coarse gravel subrounded to rounded; 5% fine
to coarse grained sand, subrounded to rounded; 5% silt; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): dark olive gray  (5Y 3/2), 100% fine grained sand,
subangular to subrounded; contains quartz, feldspar, mica, and
amphibole.

SAND WITH GRAVEL (SP): dark yellowish brown  (10YR 4/6), 70%
fine to coarse grained sand, subangular to rounded; 25% fine to
coarse gravel subangular to rounded; 5% cobbles; contains quartz,
feldspar, and amphibole; shale.
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9

10

11

9.875 in.
borehole

(150-280 ft
bgs)

6

CLAYEY GRAVEL (GC): dark olive gray  (5Y 3/2), 50% fine to coarse
gravel subangular to rounded; 30% clay, medium to high plasticity;
5% fine to coarse grained sand, subangular to rounded; 5% silt; 10%
cobbles; contains quartz, feldspar, and amphibole; shale.

SAND WITH GRAVEL (SP): dark yellowish brown  (10YR 4/6), 70%
fine to coarse grained sand, subangular to rounded; 25% fine to
coarse gravel subangular to rounded; 5% cobbles; contains quartz,
feldspar, and amphibole; shale.

SAND (SP): yellowish brown  (10YR 5/4), 90% fine grained sand,
subrounded to rounded; 5% fine to coarse gravel subrounded to
rounded; 5% cobbles; contains quartz, feldspar, and amphibole;
shale.

SAND WITH GRAVEL (SP): very dark grayish brown  (10YR 3/2),
70% fine to coarse grained sand, subangular to subrounded; 20% fine
to coarse gravel subangular to subrounded; 5% silt; 5% cobbles;
contains quartz, feldspar, and amphibole.

GRAVEL WITH SAND (GP): dark yellowish brown  (10YR 3/6), 80%
fine to coarse gravel subrounded to rounded; 15% fine to coarse
grained sand, subrounded to rounded; 5% cobbles; contains quartz,
feldspar, and amphibole.

SAND (SP): very dark grayish brown  (10YR 3/2), 100% fine grained
sand; contains quartz, feldspar, mica, and amphibole; friable
sandstone.
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SAND WITH SILT (SP-SM): very dark grayish brown  (10YR 3/2),
90% fine grained sand; 10% silt; contains quartz, feldspar, mica, and
amphibole; friable sandstone.

SAND (SP): very dark grayish brown  (10YR 3/2), 100% fine grained
sand; contains quartz, feldspar, mica, and amphibole; friable
sandstone.

SAND WITH CLAY (SP-SC): very dark grayish brown  (10YR 3/2),
85% fine grained sand; 10% silt; 5% clay; contains quartz, feldspar,
mica, and amphibole; friable sandstone.

CLAY WITH SAND (CL): light olive brown  (2.5Y 5/3), 80% clay, low
to medium plasticity; 20% fine grained sand.
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SILTY SAND (SM): light olive brown  (2.5Y 5/4), 60% fine grained
sand; 30% silt; 10% clay, no to low plasticity; contains quartz,
feldspar, mica, and amphibole.

CLAY WITH SAND (CL): olive brown  (2.5Y 4/3), 70% clay, low to
medium plasticity; 20% fine to medium grained sand, subangular to
subrounded; 5% fine gravel subangular to subrounded; 5% silt; shale.

SILTY SAND WITH GRAVEL (SM): olive brown  (2.5Y 4/3), 60% fine
to coarse grained sand, subangular to subrounded; 15% coarse
gravel subangular to subrounded; 15% silt; 10% clay, not to low
plasticity; contains quartz, feldspar, and amphibole; shale.

SILTY SAND (SM): light olive brown  (2.5Y 5/3), 75% fine grained
sand; 20% silt; 5% clay; contains quartz, feldspar, and amphibole.

SANDY SILT (ML): light olive brown  (2.5Y 5/3), 60% silt; 30% fine
grained sand; 10% clay, no to low plasticity; contains quartz, feldspar,
mica, and amphibole.

CLAYEY SAND (SC): light olive brown  (2.5Y 5/3), 70% fine to
medium grained sand, subangular to subrounded; 20% clay; 10% silt;
contains quartz, feldspar, mica, and amphibole.

CLAY WITH SAND (CL): light olive brown  (2.5Y 5/3), 70% clay, low
to medium plasticity; 15% fine to medium grained sand, subrounded
to rounded; 10% fine gravel subrounded to rounded; 5% silt; contains
quartz, feldspar, mica, and amphibole.

CLAYEY SAND (SC): light olive brown  (2.5Y 5/3), 70% fine to coarse
grained sand, subangular to rounded; 20% clay; 5% fine to coarse
gravel subangular to rounded; 5% silt; trace cobbles; contains quartz,
feldspar, mica, and amphibole.

SAND WITH GRAVEL (SP): light olive brown  (2.5Y 5/3), 80% fine to
coarse grained sand, subangular to rounded; 15% fine to coarse
gravel subangular to rounded; 5% silt; trace cobbles; contains quartz,
feldspar, and amphibole.

CLAY (CL): light brownish gray  (2.5Y 6/2), 95% clay, low to medium
plasticity; 5% silt.

CLAY WITH SAND (CL): light yellowish brown  (2.5Y 6/4), 70% clay,
low plasticity; 25% fine to coarse grained sand; 5% silt.

CLAY (CL): dark yellowish brown  (10YR 4/4), 85% clay, low plasticity;
10% fine grained sand; 5% silt.

CLAYEY SAND (SC): olive brown  (2.5Y 4/3), 70% fine grained sand;
30% clay, low plasticity; contains quartz, feldspar, mica, and
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8 in. borehole
(280-360 ft

bgs)

CEMEX
Monterey

Lapis Lustre
#60 fine sand

seal (285 - 288
ft bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack
(288 - 360 ft

bgs)

4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots (300 -
350 ft bgs)

8

5

amphibole.

CLAY (CL): dark grayish brown  (2.5Y 4/2), 100% clay, medium
plasticity.

CLAY (CL): dark yellowish brown  (10YR 3/6), 100% clay, medium to
high plasticity.

SILTY SAND (SM): light olive brown  (2.5Y 5/4), 80% fine grained
sand; 15% silt; 5% clay, no to low plasticity.

CLAY (CL): light olive brown  (2.5Y 5/3), 80% clay, low plasticity; 15%
silt; 5% fine grained sand.

SAND WITH GRAVEL (SP): gray  (2.5Y 5/1), 85% fine to coarse
grained sand, subangular to rounded; 15% fine to coarse gravel
subangular to rounded; contains quartz, feldspar, and amphibole;
shale.
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5

SAND WITH GRAVEL (SP): gray  (2.5Y 5/1), 65% fine to coarse
grained sand, subangular to rounded; 35% fine to coarse gravel
subangular to rounded; trace clay; contains quartz, feldspar, and
amphibole; shale.

FAT CLAY WITH SAND (CH): light olive brown  (2.5Y 5/3), 70% clay,
medium to high plasticity; 10% fine to coarse gravel subrounded to
rounded; 10% fine to coarse grained sand, subrounded to rounded;
10% cobbles; contains quartz, feldspar, and amphibole.

SAND WITH GRAVEL (SP): gray  (2.5Y 5/1), 60% fine to coarse
grained sand, subrounded to rounded; 20% fine to coarse gravel
subrounded to rounded; 20% cobbles; contains quartz, feldspar, and
amphibole; shale.

SAND (SP): light olive brown  (2.5Y 5/3), 90% fine to coarse grained
sand, subangular to rounded; 5% fine to coarse gravel subangular to
rounded; 5% cobbles; contains quartz, feldspar, and amphibole.

FAT CLAY (CH): yellowish brown  (10YR 5/8), 100% clay, high
plasticity.

SAND (SP): dark yellowish brown  (10YR 4/4), 100% fine grained
sand; contains quartz, feldspar, mica, and amphibole.

SAND (SP): light olive brown  (2.5Y 5/3), 95% fine to coarse grained
sand, subangular to subrounded; 5% fine gravel subangular to
subrounded; contains quartz, feldspar, mica, and amphibole.

SAND (SP): olive brown  (2.5Y 4/4), 100% fine to medium grained
sand, subangular to subrounded; contains quartz, feldspar, mica, and
amphibole.

MPWSP MW-8D
WELL NUMBER

CLIENT
PROJECT NUMBER

Cal Am
14077-15

BOREHOLE LITHOLOGIC LOG (continued)
LOCATION

Marina, CA

True
Vertical
Depth
(feet)

315

320

325

330

335

340

345

350
Geoscience Support Services, Inc.

Depth
bgs

(feet)
(continued)

315

320

325

330

335

340

345

350

Sieve
Sample
Number

Drill
Rate
(ft/hr)

W
E

L
L

 C
O

N
S

T
R

U
C

T
IO

N
 L

O
G

  
M

P
W

S
P

 M
W

 T
M

 L
IT

H
 A

L
L

 W
E

L
L

S
.G

P
J
  

G
E

O
S

C
IE

N
C

E
.G

D
T

  
7

/7
/1

6

GEOSCIENCE
P.O. Box 220
Claremont, CA 91711
Telephone:  (909) 451-6650
Fax:  (909) 451-6638
www.gssiwater.com

Graphic
Log

Lithologic Log

NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.

APPENDIX C

C-215



Blank casing
with end cap
(350-352.8 ft

bgs)

TD 360 ft bgs

FAT CLAY WITH GRAVEL (CH): light olive brown  (2.5Y 5/3), 70%
clay, medium to high plasticity; 15% fine to coarse gravel subrounded
to rounded; 10% fine to coarse grained sand, subrounded to rounded;
5% cobbles; contains quartz, feldspar, and amphibole; shale.

FAT CLAY (CH): light olive brown  (2.5Y 5/3), 100% clay, medium to
high plasticity.

SILTY SAND (SM): dark gray  (2.5Y 4/1), 70% fine to coarse grained
sand, subrounded to rounded; 10% fine to coarse gravel subrounded
to rounded; 10% silt; 5% clay; 5% cobbles; contains quartz, feldspar,
and amphibole; shale.

FAT CLAY WITH GRAVEL (CH): light olive brown  (2.5Y 5/3), 85%
clay, medium to high plasticity; 15% fine to coarse gravel rounded;
rounded; trace cobbles; shale.

Bottom of borehole at 360 feet.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.16 ft ags -
30 ft bgs)

Neat cement
(0-15 ft bgs)

CEMEX
Monterey

Lapis Lustre
#60 fine sand

seal (15 - 19 ft
bgs)

8 in. borehole
(0-113 ft bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack
(19 - 112.4 ft

bgs)

35

SAND WITH SILT (SP-SM): dark yellowish brown  (10YR 4/4), 90%
sand, very fine to fine grained; 10% silt; moist sample; contains
quartz, feldspar, mica, and amphibole; unconsolidated.

SILTY SAND (SM): dark olive brown  (2.5Y 3/3), 75% sand, very fine
to fine grained; 25% silt; low plasticity; wet sample; contains quartz,
feldspar, mica, and amphibole; unconsolidated.

SILTY SAND (SM): greenish black (10Y 2.5/1), 70% sand, very fine to
fine grained; 30% silt; low plasticity; wet sample; contains quartz,
feldspar, mica, and amphibole; unconsolidated.

SAND (SP): very dark greenish gray (10Y 3/1), 100% fine grained
sand; wet sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

SAND WITH CLAY (SP-SC): (5BG 2.5/1), 90% fine grained sand; 5%
silt; 5% clay, low plasticity; wet sample; contains quartz, feldspar,
mica, and amphibole; unconsolidated.

SAND (SP): dark greenish gray  (5GY 4/1), 100% fine to medium
grained sand, subangular to subrounded; wet sample; contains
quartz, feldspar, mica, and amphibole; grading becomes fine to
coarse sand from 30 ft to 32 ft; unconsolidated.
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PVC
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4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots (30-110 ft

bgs)

35

SAND (SP): dark greenish gray (10GY 4/1), 100% sand, subangular
to subrounded, very fine to fine grained; wet sample; contains quartz,
feldspar, mica, and amphibole; unconsolidated.

SAND (SP): dark greenish gray  (5GY 4/1), 100% fine to medium
grained sand, subangular to subrounded; wet sample; contains
quartz, feldspar, mica, and amphibole; unconsolidated.

SANDY SILT (ML): very dark greenish gray (5GY 3/1), 40% silt; 30%
sand, very fine grained; 30% clay, low to medium plasticity; moist
sample; contains quartz, feldspar, mica, and amphibole.

SAND (SP): very dark greenish gray (5GY 3/1), 95% fine to coarse
grained sand, subangular to subrounded; 5% silt; wet sample;
contains quartz, feldspar, mica, and amphibole; unconsolidated.

CLAY (CL): very dark greenish gray (5GY 3/1), 80% clay, high
plasticity; 15% silt; 5% sand, very fine to fine grained; moist sample;
contains shells.

SILT (ML): black (N2.5), 70% silt; 30% clay, medium plasticity;
contains shells from 56 ft to 57 ft.

SAND WITH SILT (SP-SM): very dark gray  (N3), 90% sand,
subangular to subrounded, very fine to fine grained; 10% silt; moist
sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

SILT (ML): very dark gray  (N3), 70% silt; 30% clay, medium
plasticity; fine grained sand; moist sample; contains shells from 67 ft
to 69 ft.

SILT WITH SAND (ML): very dark gray  (N3), 80% silt; 15% sand,
very fine sand; 5% clay, low to medium plasticity; moist sample.
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35

25

SAND WITH SILT (SP-SM): very dark gray  (N3), 90% sand, very fine
to fine sand; 10% silt; moist to wet sample; contains quartz, mica, and
amphibole; unconsolidated.

SILTY SAND (SM): very dark gray  (N3), 60% sand, very fine grained;
40% silt; wet sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

SAND (SP): greenish black (5GY 2.5/1), 100% fine to coarse grained
sand, subangular to subrounded; wet sample; contains quartz,
feldspar, mica, and amphibole; unconsolidated.

SAND (SP): dark olive gray  (5Y 3/2), 100% fine to coarse grained
sand, subangular to subrounded; moist sample; contains quartz,
feldspar, mica, and amphibole.

CLAY (CL): greenish black (5GY 2.5/1), 85% clay, low plasticity; 15%
silt.

SAND (SP): grayish green  (5G 5/2), 100% fine to medium grained
sand, subangular to subrounded; wet sample; contains quartz,
feldspar, and mica; unconsolidated.
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Blank casing
with end cap
(110-112.4 ft

bgs)

Backfill with
native material

(112.4-113 ft
bgs)

TD 113 ft bgs

25

CLAY (CL): greenish gray  (5GY 6/1), 100% clay, high plasticity; moist
sample.

Bottom of borehole at 113 feet.
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4 in. ID x Sch
80 wall blank
PVC casing

(+2.13 ft ags -
145 ft bgs)

Neat cement
(0-131 ft bgs)

9.875 in.
borehole

(0-227 ft bgs)

29

SAND WITH SILT (SP-SM): dark yellowish brown  (10YR 4/4), 90%
sand, very fine to fine grained sand; 10% silt; moist sample; contains
quartz, feldspar, mica, and amphibole; unconsolidated.

SILTY SAND (SM): dark olive brown  (2.5Y 3/3), 80% sand, very fine
to fine grained sand; 20% silt; wet sample; contains quartz, feldspar,
mica, and amphibole; unconsolidated.

SILTY SAND (SM): greenish black (10GY 2.5/1), 80% sand, very fine
to fine grained sand; 20% silt; wet sample; contains quartz, feldspar,
mica, and amphibole; unconsolidated.

SAND (SP): very dark greenish gray (10Y 3/1), 100% fine grained
sand; wet sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

SAND (SP): dark yellowish brown  (10YR 4/6), 100% fine grained
sand; wet sample; contains quartz, feldspar, mica, and amphibole.

SAND WITH SILT (SP-SM): greenish black (5GY 2.5/1), 90% fine
grained sand; 10% silt; wet sample; contains quartz, feldspar, mica,
and amphibole; interbedded with clay and silt; unconsolidated.

SAND (SP): dark greenish gray  (5GY 4/1), 100% fine to medium
grained sand, subangular to subrounded; wet sample; contains
quartz, feldspar, mica, and amphibole; unconsolidated.
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29

SILTY SAND (SM): dark greenish gray  (5GY 4/1), 75% fine grained
sand; 15% silt; 10% clay, low to medium plasticity; wet sample;
contains quartz, feldspar, mica, and amphibole; unconsolidated.

SAND (SP): dark greenish gray  (5GY 4/1), 100% fine grained sand;
wet sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

SAND (SP): gray  (N5), 100% fine to medium grained sand,
subangular to subrounded; wet sample; contains quartz, feldspar,
mica, and amphibole; unconsolidated.

SANDY SILT (ML): very dark greenish gray (5GY 3/1), 40% silt; 30%
sand, very fine grained sand; 30% clay, low to medium plasticity;
moist sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

SAND (SP): very dark greenish gray (5GY 3/1), 95% fine to coarse
grained sand, subangular to subrounded; 5% silt; wet sample;
contains quartz, feldspar, mica, and amphibole; unconsolidated.

CLAY (CL): very dark greenish gray (5GY 3/1), 80% clay, high
plasticity; 20% silt; trace sand; moist sample; unconsolidated.

SAND (SP): greenish black (5G 2.5/1), 100% fine grained sand; wet
sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

SILT (ML): black (N2.5), 70% silt; 30% clay, medium to high plasticity;
moist sample.

SILT WITH SAND (ML): black (N2.5), 80% silt; 15% sand, very fine
grained sand; 5% clay, low to medium plasticity; moist sample.
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29

15

SAND WITH SILT (SP-SM): black (N2.5), 90% sand, very fine to fine
grained sand; 10% silt; moist to wet sample; contains quartz, feldspar,
mica, and amphibole; unconsolidated.

SILTY SAND (SM): black (N2.5), 60% sand, very fine grained sand;
40% silt; wet sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

SAND (SP): greenish black (5GY 2.5/1), 100% fine to coarse grained
sand, subangular to subrounded; wet sample; contains quartz,
feldspar, mica, and amphibole; unconsolidated.

SAND (SP): dark olive gray  (5Y 3/2), 100% fine to coarse grained
sand, subangular to subrounded; moist sample; contains quartz,
feldspar, mica, and amphibole.

SAND (SP): greenish black (10Y 2.5/1), 95% fine to coarse grained
sand; 5% fine gravel; moist sample; contains quartz, feldspar, mica,
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CEMEX
Monterey

Lapis Lustre
#60 fine sand

seal (131 - 135
ft bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack
(135 - 227 ft

bgs)

4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots (145-225

ft bgs)

15

13

and amphibole.

CLAY (CL): greenish gray  (5G 6/1), 100% clay, high plasticity; moist
sample.

SILTY SAND (SM): very dark greenish gray (5GY 3/1), 70% fine
grained sand; 30% silt; moist sample; contains quartz, feldspar, mica,
and amphibole; unconsolidated.

CLAY (CL): dark greenish gray  (5GY 4/1), 100% clay, high plasticity;
moist sample.

SAND (SP): dark greenish gray  (5GY 4/1), 100% fine to medium
grained sand; wet sample; contains quartz, feldspar, mica, and
amphibole; unconsolidated.

SAND WITH GRAVEL (SP): dark greenish gray  (5GY 4/1), 70% fine
to coarse grained sand, subrounded to rounded; 20% fine to coarse
gravel subrounded to rounded fine gravel and rounded coarse gravel;
10% cobbles; wet sample; contains quartz, feldspar, mica, and
amphibole; contains Monterey Shale and round cobbles;
unconsolidated.
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2.5

20

SAND (SP): dark greenish gray  (5GY 4/1), 95% fine to coarse
grained sand, subangular to subrounded; 5% fine gravel subangular
to subrounded; contains quartz, feldspar, and amphibole;
unconsolidated.

SAND WITH GRAVEL (SP): dark greenish gray  (5GY 4/1), 65% fine
to coarse grained sand, subangular to subrounded; 25% fine to
coarse gravel; 10% cobbles; contains quartz, feldspar, and
amphibole; contains Monterey Shale, round gravel and igneous rocks
as cobbles; unconsolidated.

GRAVEL WITH SAND (GP): grayish brown  (2.5Y 5/2), 65% fine to
coarse gravel subangular to subrounded; 20% fine to coarse grained
sand, subangular to subrounded, predominately medium to coarse
grained sand; 15% cobbles; wet sample; contains quartz, feldspar,
and amphibole; contains inclusions of shales and various igneous
rocks as gravel; unconsolidated.

SAND (SP): grayish brown  (2.5Y 5/2), 90% fine to coarse grained
sand, subangular to subrounded; 10% fine to coarse gravel rounded;
wet sample; contains quartz, feldspar, mica, and amphibole;
unconsolidated.

GRAVEL WITH SAND (GP): olive brown  (2.5Y 4/3), 70% fine to
coarse gravel rounded; 20% fine to coarse grained sand, subangular
to subrounded; 10% cobbles; moist sample; contains quartz, feldspar,
mica, and amphibole; contains round cobbles; grading with depth:
cobbles increase to 25%, sand to 20% and gravel to 55%.

SAND WITH GRAVEL (SP): very dark greenish gray (5GY 3/1), 70%
fine to coarse grained sand, subangular to subrounded; 30% fine to
coarse gravel rounded; wet sample; contains quartz, feldspar, mica,
and amphibole; unconsolidated.

SAND (SP): dark grayish brown  (2.5Y 4/2), 100% fine to medium
grained sand, subangular to subrounded; wet sample; contains
quartz, feldspar, mica, and amphibole; unconsolidated.

GRAVEL WITH SAND (GP): dark olive brown  (2.5Y 3/3), 75% fine to
coarse gravel rounded; 20% fine to coarse grained sand, subangular
to subrounded; 5% cobbles; contains quartz, feldspar, mica, and
amphibole; unconsolidated.

SAND (SP): gray  (2.5Y 5/1), 100% fine to coarse grained sand,
subangular to subrounded; wet sample; contains quartz, feldspar,
mica, and amphibole; unconsolidated.

GRAVEL WITH SAND (GP): gray  (2.5Y 5/1), 70% fine to coarse
gravel subrounded to rounded; 15% fine to coarse grained sand,
subangular to subrounded; 15% cobbles; wet sample; contains
quartz, feldspar, mica, and amphibole; includes Monterey Shale with
various igneous and sedimentary rocks; unconsolidated.

SAND WITH GRAVEL (SP): dark grayish brown  (2.5Y 4/2), 80%
medium to coarse grained sand, subangular to subrounded; 20% fine
to coarse gravel rounded; wet sample; contains quartz, feldspar,
mica, and amphibole; Includes Monterey Shale and various igneous
and sedimentary rocks as gravel; unconsolidated.
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Blank casing
with end cap

(225-227 ft
bgs)

TD 227 ft bgs

20

16

GRAVEL (GP): dark grayish brown  (2.5Y 4/2), 70% fine to coarse
gravel subrounded to rounded, subrounded to rounded; 30% cobbles;
subrounded to rounded; wet sample; includes round cobbles and
Monterey Shale with various igneous and sedimentary rocks;
unconsolidated.

GRAVEL WITH SAND (GP): dark grayish brown  (2.5Y 4/2), 50% fine
to coarse gravel subrounded to rounded coarse gravel; 45% medium
to coarse grained sand, subangular to subrounded; 5% cobbles;
contains quartz, feldspar, mica, and amphibole; contains subrounded
and rounded cobbles and Monterey Shale; unconsolidated.

SAND (SP): dark brown  (7.5YR 3/4), 100% fine grained sand; trace
fine gravel; wet sample; contains quartz, feldspar, mica, and
amphibole; contains weakly cemented clasts; trace gravel at 207 ft;
unconsolidated.

SAND (SP): dark brown  (7.5YR 3/4), 100% fine to medium grained
sand; contains quartz, feldspar, mica, and amphibole; contains weakly
cemented clasts that increase in quantity; unconsolidated.

Bottom of borehole at 227 feet.

MPWSP MW-9M
WELL NUMBER

CLIENT
PROJECT NUMBER

Cal Am
14077-15

BOREHOLE LITHOLOGIC LOG (continued)
LOCATION

Marina, CA

True
Vertical
Depth
(feet)

195

200

205

210

215

220

225

Geoscience Support Services, Inc.

Depth
bgs

(feet)
(continued)

195

200

205

210

215

220

225

Sieve
Sample
Number

Drill
Rate
(ft/hr)

W
E

L
L

 C
O

N
S

T
R

U
C

T
IO

N
 L

O
G

  
M

P
W

S
P

 M
W

 T
M

 L
IT

H
 A

L
L

 W
E

L
L

S
.G

P
J
  

G
E

O
S

C
IE

N
C

E
.G

D
T

  
7

/7
/1

6

GEOSCIENCE
P.O. Box 220
Claremont, CA 91711
Telephone:  (909) 451-6650
Fax:  (909) 451-6638
www.gssiwater.com

Graphic
Log

Lithologic Log

NOTE:  Grain size distribution percentages are approximate.  Material code
(e.g. SP) reference Unified Soil Classification visual method.

Color code (e.g. 10YR 5/2) reference Munsell Soil Color Charts.

APPENDIX C

C-239



APPENDIX C

C-240



4 in. ID x Sch
80 wall blank
PVC casing

(+2.15 ft ags -
352.5 ft bgs)

Neat cement
(0-339 ft bgs)

10.75 in.
borehole

(0-150 ftbgs)

15.75

SAND WITH SILT (SP-SM): dark yellowish brown  (10YR 4/4), 90%
fine grained sand; 10% silt; contains quartz, feldspar, mica, and
amphibole.

SILTY SAND (SM): dark olive brown  (2.5Y 3/3), 80% fine grained
sand; 20% silt; contains quartz, feldspar, mica, and amphibole.

SILTY SAND (SM): greenish black (10Y 2.5/1), 80% fine grained
sand; 20% silt; contains quartz, feldspar, mica, and amphibole.

SAND (SP): very dark greenish gray (10Y 3/1), 100% fine grained
sand; contains quartz, feldspar, mica, and amphibole.

SAND (SP): dark yellowish brown  (10YR 4/6), 100% fine grained
sand; contains quartz, feldspar, and mica.

SAND WITH SILT (SP-SM): greenish black (5GY 2.5/1), 90% fine
grained sand; 10% silt; trace clay, low plasticity; contains quartz,
feldspar, mica, and amphibole.

SAND (SP): dark greenish gray  (5GY 4/1), 100% fine to medium
grained sand, subangular to subrounded; contains quartz, feldspar,
mica, and amphibole.

SILTY SAND (SM): dark greenish gray  (5GY 4/1), 75% fine grained

D. King

Sch 80
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Sch 80

Cement pedestal

Stickup 2.15
ft ags

Blank

Screen

Blank

-2.15
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REPORT DATE

PERF. SIZE
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SURFACE
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6/03/15

Sonic

5/15/15

Cascade Drilling

DIAMETER
(in.)

A. Khalighi and E. Crow-Willard
DRILLING
RIG TYPE ProSonic 600T

TOC
ELEVATION

FINISH
DATE

Core

10.75, 9.875, 8 in

DRILLING
METHOD

Cement pedestal

PVC

PVC

PVC

BOTTOM DEPTH
(ft bgs)

MATERIAL

BOREHOLE
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WALL
THICKNESS (in.)

LOGGED BY

SCREEN /
BLANK

SAMPLING
METHOD
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DATE

16.17 ft NAVD88

18.32 ft NAVD88 (RP)

DRILLING CONTRACTOR
DRILLER

TOP DEPTH
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LENGTH
(ft)
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SCREEN
TYPE

Slotted

4 / ID

4 / ID

4 / ID
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15.75

sand; 15% silt; 10% clay, low to medium plasticity; contains quartz,
feldspar, mica, and amphibole.

SAND (SP): dark greenish gray  (5GY 4/1), 100% fine grained sand;
contains quartz, feldspar, mica, and amphibole.

SAND (SP): gray  (N5), 100% fine to medium grained sand,
subangular to subrounded; contains quartz, feldspar, mica, and
amphibole.

SANDY SILT (MH): very dark greenish gray (5G 3/1), 40% silt; 30%
fine grained sand; 30% clay, medium to high plasticity; contains
quartz, feldspar, mica, and amphibole.

CLAYEY SAND (SC): very dark greenish gray (5G 3/1), 70% fine
grained sand; 15% silt; 15% clay, no to low plasticity; contains quartz,
feldspar, mica, and amphibole.

SAND (SP): very dark greenish gray (5G 3/1), 95% fine to coarse
grained sand, subangular to subrounded; 5% silt; contains quartz,
feldspar, mica, and amphibole; sea shells.

FAT CLAY (CH): very dark greenish gray (5GY 3/1), 75% clay, high
plasticity; 20% silt; 5% fine grained sand.

SAND (SP): greenish black (5GY 2.5/1), 100% fine grained sand;
contains quartz, feldspar, mica, and amphibole.

SILT (MH): black (N2.5), 70% silt; 30% clay, medium to high plasticity;
trace sand; black ash spots, more sand with depth.

SILT WITH SAND (ML): black (N2.5), 80% silt; 15% fine grained
sand; 5% clay, low to medium plasticity.
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3

SAND WITH SILT (SP-SM): black (N2.5), 90% fine grained sand;
10% silt; contains quartz, feldspar, mica, and amphibole.

SILTY SAND (SM): black (N2.5), 60% fine grained sand; 40% silt;
contains quartz, feldspar, mica, and amphibole.

SAND (SP): greenish black (5GY 2.5/1), 100% fine to coarse grained
sand, subangular to subrounded; contains quartz, feldspar, mica, and
amphibole.

SAND (SP): dark olive gray  (5Y 3/2), 100% fine to coarse grained
sand, subangular to subrounded; contains quartz, feldspar, and mica.

SAND (SP): dark gray  (5Y 4/1), 95% fine to coarse grained sand,
subangular to subrounded; 5% fine gravel subangular to subrounded;
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4

5

9

contains quartz, feldspar, mica, and amphibole.

FAT CLAY (CH): greenish black (10Y 2.5/1), 85% clay, high plasticity;
5% fine to coarse gravel; 5% fine to coarse grained sand; 5% silt;
shale, claystones.

FAT CLAY (CH): very dark greenish gray (5GY 3/1), 100% clay, high
plasticity.

SILTY SAND (SM): very dark greenish gray (5GY 3/1), 70% fine
grained sand; 30% silt; contains quartz, feldspar, mica, and
amphibole.

FAT CLAY (CH): very dark greenish gray (5GY 3/1), 100% clay, high
plasticity.

SAND (SP): dark greenish gray  (5GY 4/1), 100% fine grained sand;
contains quartz, feldspar, mica, and amphibole.

SAND WITH GRAVEL (SP): dark greenish gray  (5GY 4/1), 70% fine
to coarse grained sand, subrounded to rounded; 20% fine to coarse
gravel subrounded to rounded; 10% cobbles; contains quartz,
feldspar, mica, and amphibole.

FAT CLAY (CH): very dark greenish gray (5GY 3/1), 100% clay, high
plasticity.
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9.875 in.
borehole

(150-300 ft
bgs)

9

SAND (SP): dark greenish gray  (5GY 4/1), 95% fine to coarse
grained sand, subangular to subrounded; 5% fine gravel subangular
to subrounded; contains quartz, feldspar, and amphibole.

SAND WITH GRAVEL (SP): dark greenish gray  (5GY 4/1), 65% fine
to coarse grained sand, subangular to rounded; 25% fine to coarse
gravel subangular to rounded; 10% cobbles; contains quartz, feldspar,
and amphibole; shale.

GRAVEL WITH SAND (GP): dark greenish gray  (5GY 4/1), 70% fine
to coarse gravel subangular to subrounded; 15% fine to coarse
grained sand, subangular to subrounded; 15% cobbles; contains
quartz, feldspar, and amphibole; shale.

SAND (SP): grayish brown  (2.5Y 5/2), 90% fine to coarse grained
sand, subangular to rounded; 10% fine gravel subangular to rounded;
contains quartz, feldspar, mica, and amphibole.

GRAVEL WITH SAND (GP): olive brown  (2.5Y 4/3), 70% fine to
coarse gravel subangular to rounded; 20% fine to coarse grained
sand, subangular to rounded; 10% cobbles; contains quartz, feldspar,
mica, and amphibole.

SAND WITH GRAVEL (SP): very dark greenish gray (5GY 3/1), 70%
fine to coarse grained sand, subangular to rounded; 30% fine to
coarse gravel subangular to rounded; contains quartz, feldspar, mica,
and amphibole; shale; more gravel with depth.

SAND (SP): dark grayish brown  (2.5Y 4/2), 100% fine to medium
grained sand, subangular to subrounded; contains quartz, feldspar,
mica, and amphibole.

GRAVEL WITH SAND (GP): dark olive brown  (2.5Y 3/3), 75% fine to
coarse gravel subangular to rounded; 20% fine to coarse grained
sand, subangular to rounded; 5% cobbles; contains quartz, feldspar,
mica, and amphibole.

SAND (SP): gray  (2.5Y 5/1), 100% fine to coarse grained sand,
subangular to subrounded; contains quartz, feldspar, mica, and
amphibole.

GRAVEL WITH SAND (GP): gray  (2.5Y 5/1), 70% fine to coarse
gravel subrounded to rounded; 15% fine to coarse grained sand,
subrounded to rounded; 15% cobbles; contains quartz, feldspar, mica,
and amphibole.

SAND WITH GRAVEL (SP): dark grayish brown  (2.5Y 4/2), 80%
medium to coarse grained sand, subangular to rounded; 20% fine to
coarse gravel subangular to rounded; contains quartz, feldspar, mica,
and amphibole; shale.
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10

11

12

13

9

GRAVEL (GP): dark grayish brown  (2.5Y 4/2), 70% fine to coarse
gravel subrounded to rounded; 30% cobbles; subrounded to rounded;
shale.

GRAVEL WITH SAND (GP): dark grayish brown  (2.5Y 4/2), 50% fine
to coarse gravel subangular to rounded; 45% medium to coarse
grained sand, subangular to rounded; 5% cobbles; contains quartz,
feldspar, mica, and amphibole.

SAND (SP): dark brown  (7.5YR 3/4), 100% fine grained sand;
contains quartz, feldspar, mica, and amphibole.

CLAY (CL): dark grayish brown  (2.5Y 4/2), 85% clay, medium
plasticity; 15% silt.
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8.5

SAND (SP): dark olive brown  (2.5Y 3/3), 95% fine grained sand; 5%
silt; contains quartz, feldspar, mica, and amphibole.

CLAY (CL): greenish gray (10Y 5/1), 90% clay, low to medium
plasticity; 10% silt.

SANDY FAT CLAY (CH): grayish brown  (2.5Y 5/2), 65% clay,
medium plasticity; 30% fine grained sand; 5% silt.

CLAYEY SAND (SC): grayish brown  (2.5Y 5/2), 80% fine grained
sand; 15% clay, low plasticity; 5% silt; contains quartz, feldspar, mica,
and amphibole.

SILTY SAND (SM): light olive brown  (2.5Y 5/3), 80% fine grained
sand; 15% silt; 5% clay, low plasticity; contains quartz, feldspar, mica,
and amphibole.

FAT CLAY WITH SAND (CH): dark greenish gray (10Y 4/1), 70%
clay, medium to high plasticity; 25% fine grained sand; 5% silt.

SAND WITH SILT (SP-SM): dark olive gray  (5Y 3/2), 90% fine to
medium grained sand, subangular to subrounded; 10% silt; contains
quartz, feldspar, mica, and amphibole.

FAT CLAY (CH): dark greenish gray (10Y 4/1), 100% clay, high
plasticity.

FAT CLAY WITH SAND (CH): olive brown  (2.5Y 4/3), 75% clay, high
plasticity; 20% fine grained sand; 5% silt.
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14

8 in. borehole
(300-395 ft

bgs)

8.5

SAND WITH GRAVEL (SP): light olive brown  (2.5Y 5/4), 75% fine to
coarse grained sand, subangular to rounded; 20% fine to coarse
gravel subangular to rounded; 5% cobbles; contains quartz, feldspar,
mica, and amphibole; shale.

SAND (SW): olive brown  (2.5Y 4/4), 95% fine to coarse grained
sand, subangular to subrounded; 5% fine gravel subangular to
subrounded; contains quartz, feldspar, mica, and amphibole.

FAT CLAY (CH): light olive brown  (2.5Y 5/4), 100% clay, low to
medium plasticity; trace sand.

SANDY CLAY (CL): light olive brown  (2.5Y 5/4), 60% clay, low to
medium plasticity; 35% fine grained sand, subangular to subrounded;
5% fine to coarse gravel subangular to subrounded; sandstone and
claystone.

FAT CLAY (CH): light olive brown  (2.5Y 5/3), 90% clay, high
plasticity; 10% fine grained sand, subangular to subrounded; contains
quartz, feldspar, mica, and amphibole.

CLAYEY SAND (SC): light olive brown  (2.5Y 5/3), 85% fine grained
sand, subangular to subrounded; 15% clay; well sorted; contains
quartz, feldspar, mica, and amphibole.

FAT CLAY (CH): light olive brown  (2.5Y 5/3), 100% clay, high
plasticity; trace fine grained sand, subangular to subrounded; strong
cementation; contains mica, and amphibole; mudstone.
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CEMEX
Monterey

Lapis Lustre
#60 fine sand

seal (339 - 343
ft bgs)

CEMEX
Monterey

Lapis Lustre
#3 filter pack
(343 - 395 ft

bgs)

8.5

SANDY FAT CLAY (CH): light olive brown  (2.5Y 5/3), 60% clay, high
plasticity; 40% fine grained sand, subangular to subrounded,
predominantly between 315.5-316 ft bgs; moderate cementation;
contains quartz, feldspar, mica, and amphibole.

SANDY FAT CLAY (CH): light olive brown  (2.5Y 5/3)  and  grayish
brown  (2.5Y 5/2), 60% clay, high plasticity; 40% fine grained sand,
subangular to subrounded; moderate cementation.

CLAYEY SAND (SC): light olive brown  (2.5Y 5/3)  and  grayish brown
(2.5Y 5/2), 60% fine grained sand, subangular to subrounded, trace
medium grained; 40% clay, high plasticity; well sorted; moderate
cementation; contains quartz, feldspar, mica, and amphibole.

FAT CLAY (CH): greenish gray (10GY 5/1)  and  (10B 4/1), 100%
clay, medium to high plasticity; trace fine grained sand, subangular to
subrounded, predominantly 334.4-335 ft bgs; trace silt; strong
cementation; contains quartz, feldspar, mica, and amphibole.

FAT CLAY (CH): olive  (5Y 5/3), 90% clay, high plasticity; 10% silt;
trace fine grained sand, subangular to subrounded; strong
cementation; contains quartz, feldspar, mica, and amphibole.

SANDY FAT CLAY (CH): grayish brown  (2.5Y 5/2), 60% clay, high
plasticity; 40% fine to coarse grained sand, angular to subrounded;
trace fine to coarse gravel up to 70 mm, angular to subrounded;
moderate cementation; contains quartz, feldspar, mica, and
amphibole; petrified wood.
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4 in. ID x Sch
80 wall PVC
well screen

with 0.040 in.
slots

(352.5-392.5 ft
bgs)

SAND WITH CLAY (SP-SC): light yellowish brown  (2.5Y 6/3), 90%
fine to coarse grained sand, angular to subrounded; 10% clay; trace
fine to coarse gravel up to 65 mm, angular to subrounded; poorly
sorted; contains quartz, feldspar, mica, and amphibole.

CLAYEY SAND WITH GRAVEL (SC): light yellowish brown  (2.5Y
6/3), 60% fine to coarse grained sand, angular to subrounded; 25%
clay; 15% fine to coarse gravel up to 25 mm, angular to subrounded;
poorly sorted; contains quartz, feldspar, mica, and amphibole.

SAND (SP): light yellowish brown  (2.5Y 6/3), 90% fine to coarse
grained sand, angular to subrounded; 5% fine to coarse gravel up to
35 mm, angular to subrounded; 5% clay; poorly sorted; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): light yellowish brown  (2.5Y 6/3), 90% fine to coarse
grained sand, angular to subrounded; 5% fine to coarse gravel up to
50 mm, angular to subrounded; 5% clay; poorly sorted; contains
quartz, feldspar, mica, and amphibole.

SAND (SP): light olive brown  (2.5Y 5/3), 90% fine to coarse grained
sand, angular to subrounded; 5% fine to coarse gravel up to 35 mm,
angular to subrounded; 5% clay; poorly sorted; contains quartz,
feldspar, mica, and amphibole.

SANDY FAT CLAY WITH GRAVEL (CH): light olive brown  (2.5Y 5/3),
50% clay, medium plasticity; 35% fine to coarse grained sand; 15%
fine to coarse gravel up to 40 mm; strong cementation; contains
quartz, feldspar, mica, and amphibole; red alteration; mudstone.

FAT CLAY (CH): light olive brown  (2.5Y 5/4), 100% clay, high
plasticity; strong cementation.

SAND WITH CLAY (SP-SC): light olive brown  (2.5Y 5/3), 90% fine to
coarse grained sand, angular to subrounded; 10% clay; trace fine to
coarse gravel up to 28 mm, angular to subrounded; poorly sorted;
contains quartz, feldspar, mica, and amphibole.

SAND (SP): light yellowish brown  (2.5Y 6/3), 95% fine to coarse
grained sand, angular to subrounded; 5% fine to coarse gravel up to
70 mm, angular to subrounded; trace clay; poorly sorted; contains
quartz, feldspar, mica, and amphibole; grades finer with depth;
mudstone.

SAND WITH GRAVEL (SP): light yellowish brown  (2.5Y 6/3), 80%
fine to coarse grained sand, angular to subrounded; 20% fine to
coarse gravel up to 45 mm, angular to subrounded; trace clay; poorly
sorted; contains quartz, feldspar, mica, and amphibole.

SANDY FAT CLAY WITH GRAVEL (CH): light olive brown  (2.5Y 5/4),
50% clay; 30% fine to coarse grained sand, angular to subrounded;
20% fine to coarse gravel up to 70 mm, angular to subrounded;
strong cementation; contains quartz, feldspar, mica, and amphibole.

SAND WITH CLAY AND GRAVEL (SP-SC): light yellowish brown
(2.5Y 6/3), 70% fine to coarse grained sand, angular to subrounded;
20% fine to coarse gravel up to 65 mm, angular to subrounded; 10%
clay; poorly sorted; contains quartz, feldspar, mica, and amphibole;
mudstone.

SAND WITH CLAY AND GRAVEL (SP-SC): light olive brown  (2.5Y
5/3), 70% fine to coarse grained sand, angular to subrounded; 20%
fine to coarse gravel up to 60 mm, angular to subrounded; 10% clay;
poorly sorted; contains quartz, feldspar, mica, and amphibole;
mudstone.
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Blank casing
with end cap
(392.5-395 ft

bgs)

TD 395 ft bgs

SAND WITH CLAY (SP-SC): light olive brown  (2.5Y 5/4), 80% fine to
coarse grained sand, angular to subrounded; 10% fine to coarse
gravel up to 40 mm, angular to subrounded; 10% clay; medium
sorted; contains quartz, feldspar, mica, and amphibole.

SAND WITH GRAVEL (SP): light olive brown  (2.5Y 5/4), 70% fine to
coarse grained sand, angular to subrounded; 30% fine to coarse
gravel up to 40 mm, angular to subrounded; trace clay; poorly sorted;
contains quartz, feldspar, mica, and amphibole.

Bottom of borehole at 395 feet.
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CHAPTER 5 – MONITORING NETWORK 
Groundwater Sustainability Plan 
for the City of Marina GSA Area of the 180/400 Foot Aquifer Subbasin January 2020 

 

 

APPENDIX 5.B – MCWRA MONITORING PROTOCOLS 
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APPENDIX D 
INDUCTION LOGGING 

This appendix is presented to provide additional background on induction logging and its application in 
detecting changes in groundwater quality.  The following are presented: 
 

1.  Two to three sets of induction logs were performed on some the MPWSP monitoring wells.  
These are presented with explanations of the measured changes visible in the results.   

2. The cumulative results of the on-going induction logging program of the Seaside Basin 
Watermaster’s four Sentinel Wells located in coastal Fort Ord.  This program court-ordered 
involves semi-annual induction logging for purposes of detecting seawater intrusion.  The 
Sentinel Wells are approximately 1,500 feet deep and the logging program is designed to detect 
changes in water quality throughout the entire thickness of sediments.  To date, intrusion has 
only been detected in the shallow-most sediments which have been documented as intruded for 
decades.   

3. Excerpts from the USGS Water Supply Paper (Keys, W.S., 1990, Borehole geophysics applied 
to ground-water investigations: U.S. Geological Survey Techniques of Water-Resources 
Investigation) explaining induction logging.  

4. A recent paper from Ground Water Magazine detailing the use of induction logging in the 
Stockton Area.  Electromagnetic‐Induction Logging to Monitor Changing Chloride 
Concentrations, Loren Metzer and John Izbicki, Ground Water Volume 51, Issue 1, p. 108-121 
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6 PROJECTS AND MANAGEMENT ACTIONS 

 

6.1 INTRODUCTION  
The 180/400 Foot Aquifer Subbasin (Subbasin) is subject to ongoing seawater intrusion due largely to 
long-term groundwater extraction in the inland portions of the Subbasin in excess of the sustainable 
yield.  As a result, it has been identified by California Department of Water Resources (DWR) as being 
one of 21 basins in a condition of critical overdraft (DWR 2016a).  Seawater intrusion was first identified 
in the area of Marina Groundwater Sustainability Agency (the MGSA Area) in the 1940s, and over the 
following decades progressed inland for a distance of over 7 miles in some areas.  The purpose of this 
GSP is to support regional efforts to address this condition and return the Subbasin to sustainable 
groundwater management within 20 years, as required by the Sustainable Groundwater Management 

Regulation Requirements: 
§354.42 Introduction to Projects and Management Actions. This Subarticle describes the criteria for projects and management 

actions to be included in a Plan to meet the sustainability goal for the basin in a manner that can be maintained over the 
planning and implementation horizon. 

§354.44(a) Each Plan shall include a description of the projects and management actions the Agency has determined will achieve 
the sustainability goal for the basin, including projects and management actions to respond to changing conditions in the 
basin.  

(b) Each Plan shall include a description of the projects and management actions that include the following:  
  (1) A list of projects and management actions proposed in the Plan with a description of the measurable objective that is 

expected to benefit from the project or management action. The list shall include projects and management actions that 
may be utilized to meet interim milestones, the exceedance of minimum thresholds, or where undesirable results have 
occurred or are imminent. The Plan shall include the following:  

    (A) A description of the circumstances under which projects or management actions shall be implemented, the criteria that 
would trigger implementation and termination of projects or management actions, and the process by which the Agency 
shall determine that conditions requiring the implementation of particular projects or management actions have occurred. 

    (B) The process by which the Agency shall provide notice to the public and other agencies that the implementation of projects 
or management actions is being considered or has been implemented, including a description of the actions to be taken. 

  (2) If overdraft conditions are identified through the analysis required by Section 354.18, the Plan shall describe projects or 
management actions, including a quantification of demand reduction or other methods, for the mitigation of overdraft.  

  (3) A summary of the permitting and regulatory process required for each project and management action. 
  (4) The status of each project and management action, including a time-table for expected initiation and completion, and the 

accrual of expected benefits.  
  (5) An explanation of the benefits that are expected to be realized from the project or management action, and how those 

benefits will be evaluated.  
  (6) An explanation of how the project or management action will be accomplished. If the projects or management actions rely 

on water from outside the jurisdiction of the Agency, an explanation of the source and reliability of that water shall be 
included.  

  (7) A description of the legal authority required for each project and management action, and the basis for that authority within 
the Agency.  

  (8) A description of the estimated cost for each project and management action and a description of how the Agency plans to 
meet those costs. 

  (9) A description of the management of groundwater extractions and recharge to ensure that chronic lowering of groundwater 
levels or depletion of supply during periods of drought is offset by increases in groundwater levels or storage during other 
periods. 

(c) Projects and management actions shall be supported by best available information and best available science. 
(d) An Agency shall take into account the level of uncertainty associated with the basin setting when developing projects or 

management actions. 
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Act (SGMA).  MGSA will achieve this by supporting the projects and management actions that will be 
implemented by Salinas Valley Basin Groundwater Sustainability Agency (SVBGSA) under its regional 
Groundwater Sustainability Plan (GSP), and by assuring that local groundwater resources are managed 
sustainably to protect local and regional beneficial uses and users.   

This chapter describes management actions that will be implemented by MGSA to assure sustainable 
groundwater management in the MGSA Area and prevent undesirable results.  MGSA has not identified 
any feasible projects within the MGSA Area to promote sustainable groundwater management at this 
time, but will continue to evaluate potential projects.  In addition, MGSA will consult and coordinate 
with SVBGSA and/or MCWD GSA to identify and support implementation of such projects in the future, 
as appropriate.  Also included in this chapter is a brief description of SVBGSA projects and management 
actions for the Subbasin, some of which would provide regional benefits which include the MGSA Area 
and vicinity.  MGSA will coordinate with and support SVBGSA in the implementation of projects and 
management actions it has determined to be locally and regionally beneficial, but they are not adopted 
and will not be implemented under this GSP.  Additional details on SVBGSA’s projects and management 
actions can be found in Chapter 9 of their GSP for the Subbasin (SVBGSA 2019).  

6.2 MGSA MANAGEMENT ACTIONS  
In this GSP, the term “groundwater management actions” refers to activities that prevent undesirable 
results and promote sustainable groundwater management that do not require infrastructure or capital 
improvements.  They include, among other things, the exercise of the powers and authorities set forth 
in Chapter 5 of SGMA, California Water Code (CWC) §§ 10725-10726.9.  Management actions will be 
implemented based on an objective system of pre-established monitoring triggers in order to respond to 
potentially adverse conditions and prevent undesirable results as defined in Chapter 4.  MGSA’s 
management actions are described below. 

6.2.1 MGSA MANAGEMENT ACTION 1: MANAGEMENT OF SEAWATER INTRUSION AND 
GROUNDWATER QUALITY DEGRADATION 
6.2.1.1 DESCRIPTION 

In the vicinity of the MGSA Area, the undesirable results of seawater intrusion, water quality 
degradation and groundwater level decline are related.  Each is a function of the MGSA Area’s setting on 
the seaward side of the interface between a dense saline water intrusion wedge and an over-riding zone 
of low-total dissolved solids (TDS) groundwater (< 3,000 milligrams per liter [mg/L] TDS) that is locally 
recharged through the Dune Sand Aquifer.  Groundwater extraction in the MGSA Area has the potential 
to affect the dynamic equilibrium of this nearshore groundwater system and cause seawater intrusion 
through the migration of the saline water wedge, which could in turn lead to further seawater intrusion 
into the Dune Sand Aquifer, vertical seawater intrusion into the currently unintruded Deep Aquifer, or 
promote the lateral migration or persistence of seawater intrusion farther inland.  Groundwater 
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extraction could also lead to water quality degradation in the low-TDS groundwater zone by causing 
mixing of saline and low-TDS groundwater. 

As described in Chapter 5, MGSA will monitor and evaluate the potential for groundwater elevation and 
water quality changes that are indicative of the above undesirable results.  If the data indicate that the 
triggers associated with the above undesirable results and included in this chapter may be reached as a 
result of these groundwater extractions, then MGSA will implement a series of escalating management 
actions.  These management actions will include the following three general phases, with the 
progression between each phase set by a sequence of objective decision triggers:  

(1) Detection Monitoring;  

(2) Investigation, Verification and Hydrogeologic Conceptual Model Update; and  

(3) Characterization, Response Action Planning and Implementation.   

The components of Management Action 1 are shown graphically in Figure 6-1, and may be summarized 
as follows.  The Detection Monitoring phase presents the first tier of triggers that are specific to 
detecting groundwater quality degradation and related proxies for seawater intrusion, water quality 
degradation and low-TDS groundwater storage depletion at an early stage.  Management Action 1 will 
be implemented if any of the following Tier 1 Trigger Thresholds are reached or exceeded: 

• Trigger A - For seawater intrusion into the Dune Sand Aquifer: 

o A decrease in the thickness of the low TDS zone of more than 5 feet (considering 
seasonal variability) identified by induction logging three or more wells in the induction 
logging monitoring well network; or 

o An increase in the thickness of the saline groundwater wedge of more than 5 feet 
identified by induction logging in three or more deep monitoring wells in the induction 
monitoring well network; and 

o A spatial distribution of groundwater level decline that indicates the logged changes 
identified above occur within the zone of drawdown influence of groundwater 
extraction in the MGSA Area.1 

• Trigger B - For degradation of groundwater quality in the low-TDS groundwater zone in the Dune 
Sand Aquifer, 180-Foot Aquifer, 400-Foot Aquifer or Deep Aquifer: 

o A statistically significant (p < 0.1) increasing trend in groundwater concentrations of 
chloride or TDS in three or more wells in the water quality monitoring well network for 
any one aquifer at the 90% confidence level using an appropriate Mann-Kendall trend 
test (e.g. Seasonal Mann-Kendall) (US EPA 2009); 

 
1 This second requirement for the trigger threshold is included because MGSA only has authority to regulate groundwater 
extractions within its jurisdictional boundaries. 



CHAPTER 6 – PROJECTS AND MANAGEMENT ACTIONS 
Groundwater Sustainability Plan 
for the City of Marina GSA Area of the 180/400 Foot Aquifer Subbasin January 2020 

 

6-4 

o A statistically significant increase (SSI) above baseline chloride or TDS concentration in 
three or more wells at the 90% confidence level using an appropriate statistical 
technique per EPA 2009; and 

o A spatial pattern of groundwater level declines that indicates the statistically-significant 
water quality changes identified above occur within the zone of drawdown influence of 
groundwater extraction in the MGSA Area. 

If Trigger A or B are reached or exceeded, then a Tier 1 Trigger threshold has been reached.  
Confirmation monitoring will be conducted to confirm that a Tier 1 Trigger event has occurred.  If 
confirmed, a Tier 1 Trigger will either segue the management action into: (a) Tier 2 Investigation, 
Verification and Hydrogeologic Conceptual Model Updates for the Dune Sand, 180-Foot and 400-Foot 
Aquifer systems, or (b) if the Tier 1 Trigger event occurred in the Deep Aquifer, directly to the 
Characterization, Corrective Action Planning and Implementation phase.   

The Investigation, Verification and Hydrogeologic Conceptual Model Update phase is in place to conduct 
additional investigation to determine the need for groundwater management (CWC § 10725.4), 
specifically, it consists of a focused evaluation to confirm that seawater intrusion or water quality 
degradation is occurring, and is causing or is likely to cause significant and unreasonable effects.  The 
Investigation, Verification and Hydrogeologic Conceptual Model Updates phase requires updating and 
refining the three-dimensional Hydrogeologic Conceptual Model with historic and current data sources 
(e.g., groundwater elevation, groundwater chemistry, geophysical data, etc.), and using two- and three-
dimensional quantitative geostatistical techniques to assess if: (a) the low-TDS groundwater zone is 
thinning over time; (b) the saline groundwater wedge is expanding over time; and/or (c) water quality is 
degrading in the low-TDS groundwater zone.  Evaluations will be data-driven, consisting of space-time 
geostatistical evaluations and/or plume stability analysis.   

If one or more of these three conditions is met, then the management action for the Dune Sand, 180-
Foot and 400-Foot Aquifers segues from Phase 2 into the Characterization, Response Action Planning 
and Implementation phase.  The second phase Hydrogeologic Conceptual Model Update will also help 
identify and localize critical data gaps, uncertainties and risks so they can be considered during planning 
for characterization and corrective action.   

The third phase of MGSA Management Action 1 is Characterization, Response Action Planning and 
Implementation.  The following activities constitute the third phase: 

• Alternative cause investigation to confirm that groundwater extractions in the MGSA Area are 
responsible for causing the effects of concern; 

• Further Hydrogeologic Conceptual Model refinement to fill critical data gaps, and groundwater 
model development; 

• Response action evaluation and selection; 
• Stakeholder consultation (i.e., SVBGSA, MCWD GSA, Monterey County Water Resources Agency 

[MCWRA], environmental groups, and others); 
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• Response action implementation; and 
• Monitoring of response action effectiveness. 

Alternative cause investigations are necessary to establish the mechanism and function of the observed 
seawater intrusion, groundwater quality degradation, and/or low-TDS zone storage depletion, and verify 
they are resulting from groundwater extraction within the MGSA Area.  If the cause is due to 
groundwater extraction within the MGSA Area, then a response action by MGSA and the groundwater 
extractor is appropriate to prevent or correct undesirable results.  Response action identification and 
implementation will likely require the development of a three-dimensional numerical groundwater 
model that is capable of simulating seawater intrusion through advective solute transport and density-
driven flow (or use of such a model if it has been developed by MCWD GSA, as discussed in Section 4.3).  
The updated Hydrogeologic Conceptual Model developed during the Investigation, Verification and 
Hydrogeologic Conceptual Model Update phase will, in part, serve to support the conceptual design and 
parameterization inputs for constructing or refining the local groundwater model as needed.   

The locally refined groundwater model and updated Hydrogeologic Conceptual Model will provide data-
driven information to evaluate and select appropriate response action(s), including key design 
considerations and prediction of future implementation effectiveness and establishment of timetables.  
During the response action selection process, stakeholders including SVBGSA, MCWD GSA, MCWRA, 
environmental groups, and other interested parties will be consulted to provide input and coordinate 
implementation of response actions in their jurisdictional areas.  Once implemented, criteria for 
monitoring action effectiveness will be data-driven and include multiple lines of evidence, such as, for 
example:  (a) evaluating TDS and chloride temporal trend behaviors to see if trends shift from increasing 
to decreasing or insignificant; (b) determining if TDS/chloride concentrations reach baseline threshold 
levels and are stable over time; and/or (c) assessing if the TDS/chloride wedge and low-TDS zone 
thickness and storage become stable and/or improve over time.  New Measurable Objectives and 
Interim Milestones would be established to achieve and maintain the sustainability goals of the GSP. 

If the response action does not produce multiple lines of evidence showing the successful mitigation of 
the seawater intrusion, storage depletion and/or water quality degradation, or the new Measurable 
Objectives and Interim Milestones are not achieved, then the response action would be amended, re-
implemented and monitored until the objectives are achieved.  If implementation of the response action 
does achieve the Measurable Objectives, then a decision will be made to segue the groundwater 
program back into the first phase (Detection Monitoring).  Detection Monitoring would then continue as 
described in this GSP. 

6.2.1.2 RELEVANT MEASURABLE OBJECTIVES 

The measurable objectives benefiting from this management action include: 

• Groundwater storage reduction measurable objective.  Effective response actions would assure 
that groundwater extraction within the MGSA would occur within the sustainable yield of the 
basin, without causing undesirable results. 
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• The seawater intrusion measurable objective.  Effective response actions would prevent or 
reverse further seawater intrusion in the upper aquifer system and return it to stable conditions, 
and prevent or reverse seawater intrusion advancement into the Deep Aquifer. 

• Groundwater quality measurable objective.  Effective response actions would prevent or reverse 
degradation groundwater quality by TDS and chloride in the low-TDS zone of the Dune Sand, 
180-Foot and 400-Foot Aquifer, or in the Deep Aquifer, and return it to stable and/or improving 
trends. 

6.2.1.3 EXPECTED BENEFITS AND EVALUATION OF BENEFITS 

The primary benefit from implementing MGSA Management Action 1 is to avoid undesirable results 
related to seawater intrusion and groundwater quality degradation, protecting the current and future 
beneficial uses of groundwater. 

6.2.1.4 CIRCUMSTANCES FOR IMPLEMENTATION 

The management action will be implemented depending upon evaluation of monitoring data and if Tier 
1 and Tier 2 Trigger Thresholds are reached.   

6.2.1.5 PERMITTING AND REGULATORY PROCESS 

No permitting or regulatory processes are necessary. 

6.2.1.6 IMPLEMENTATION SCHEDULE 

Implementation will be dependent upon whether Tier 1 and Tier 2 Trigger Thresholds are reached.  The 
Investigation, Verification and Hydrogeologic Conceptual Model Updates phase would take 
approximately six months to a year to implement, and the Characterization, Corrective Action Planning 
and Implementation phase would take approximately one to two years to implement, and could 
continue for a longer period of time if conditions warrant.   

6.2.1.7 ESTIMATED COSTS 

Estimated costs to coordinate implementation are approximately $50,000 per year.  Implementation 
costs would vary depending on the scope of investigation and corrective action, and would be 
developed prior to implementation and paid or reimbursed by the responsible groundwater extractors.   

6.2.2 MGSA MANAGEMENT ACTION 2: MANAGEMENT OF IMPACTS TO GROUNDWATER 
DEPENDENT ECOSYSTEMS AND INTERCONNECTED SURFACE WATERS 
6.2.2.1 DESCRIPTION 

As discussed in Section 2.4.12, 3.2.6.1.2, and 4.4.2.2, an evaluation of available data regarding 
potentially sensitive habitat and groundwater conditions indicates there are several significant GDEs 
that could be affected by groundwater withdrawal within the MGSA Area.  Potential GDE’s were 
identified near the MGSA Area in the California Department of Water Resources (DWR) “NC Dataset 
Viewer” of the “Natural Communities Commonly Associated with Groundwater” database compiled by 
The Nature Conservancy in cooperation with DWR.  Using best practices recommended by The Nature 
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Conservancy (TNC 2019), these GDEs were determined to likely be dependent on the presence of 
shallow groundwater within the Dune Sand Aquifer.  The identified GDEs include palustrine and 
emergent wetlands (sometimes referred to as “vernal ponds”) with protected habitat and species, and 
are located to the east, northeast and southeast of the MGSA Area.  In addition, riparian vegetation and 
riverine wetlands were identified along the Salinas River that may be at least partly dependent on 
groundwater.  Shallow groundwater drawdown induced by pumping in the MGSA Area could adversely 
affect these GDEs, harming or degrading protected habitat, and harming protected species.   

As described in Chapter 5, MGSA will monitor and evaluate the potential for groundwater elevation 
changes that are indicative of the above undesirable results.  If groundwater level monitoring collected 
from wells near identified GDEs reaches the trigger thresholds presented below, then MGSA will 
implement a series of escalating management actions.  These management actions will include the 
following three general phases, with the progression between each phase set by a sequence of objective 
decision triggers:  

(1) Detection Monitoring;  

(2) Biological and Hydrologic Assessment; and  

(3) Response Action Planning and Implementation.   

The components of Management Action 2 are shown graphically in Figure 6-2, and may be summarized 
as follows.  The Detection Monitoring phase presents the first tier of triggers that are specific to 
detecting potential adverse impacts to GDEs at an early stage.  The triggers are an elevation 1 foot 
above the 2015 low groundwater levels recorded in monitoring wells near GDEs in the vicinity of the 
MGSA Area.2 

Confirmation evaluation will be conducted to verify that a Tier 1 Trigger event has occurred by 
conducting a biological reconnaissance to observe and document conditions in the potentially affected 
GDE, determining whether vegetation stress and habitat degradation is occurring that is distinguishable 
from conditions documented during the baseline assessment described in Section 7.1.2.3, and assessing 
whether the groundwater level decline observed near the GDE is likely attributable to groundwater 
extraction within the MGSA Area.3  If confirmed, a Tier 1 Trigger will segue the management action into 
Tier 2 Biological and Hydrologic Assessment.   

The Biological and Hydrologic Assessment phase is in place to conduct additional investigation and 
focused evaluation to characterize the cause, nature and extent of the habitat degradation and assess 
whether significant and unreasonable impacts to the GDE are occurring or likely to occur as a result of 

 
2 This trigger threshold is an interim value for wells MW-4S, MW-7s and MW-8S until a baseline biological assessment as 
discussed in Section 7.1.2.3.  Based on this baseline biological assessment, a biological monitoring plan will be developed and 
the minimum thresholds and measurable objectives described in Section 4.4 may be modified, and the triggers and 
management actions described in this section refined.   
3 If the observed decline in groundwater levels is attributable to pumping outside the MGSA Area, SVBGSA will be advised. 
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groundwater extraction in the MGSA Area.  This investigation will build on the baseline biological 
assessment discussed in Section 7.1.2.3, and determine whether changes in vegetation vigor, 
community composition, or habitat quality and structure are taking place, and to quantify them if 
possible.  Targeted evaluations will be conducted as needed to establish linkages to climatic variability 
and groundwater fluctuations and drawdown, and to assess potential future GDE responses.  
Investigations will be data-driven, and will rely on quantifiable metrics, as appropriate.  If the potential 
for significant habitat degradation or significant harm to protected species is identified, then the 
management will segue from the Assessment Phase into the Response Action Planning and 
Implementation Phase.  The second phase will also help identify and localize critical data gaps, 
uncertainties and risks so they can be considered during planning for corrective action.   

The third phase of MGSA Management Action 2 is Response Action Planning and Implementation.  The 
third phase may include, but not be limited to, the following activities: 

• Response action evaluation; 
• Consultation with California Department of Fish and Wildlife (CDFW), other appropriate 

agencies and stakeholders; 
• Response action implementation; and 
• Monitoring of response action effectiveness. 

The Biological and Hydrologic Assessment will provide data-driven information to evaluate and select 
appropriate response action(s), including performance objectives, mitigation alternatives, prediction of 
future implementation effectiveness and establishment of timetables.  Once implemented, criteria for 
monitoring action effectiveness will be data-driven and include multiple lines of evidence, such as, for 
example: (a) evaluating groundwater elevation rebound; and (b) evaluating and comparing plant vigor, 
habitat quality and species quantities and diversity to baseline conditions to assess improvement and 
restoration.  Measurable Objectives and Interim Milestones would be established to achieve and 
maintain the sustainability goals of the MGSA GSP. 

If the response action does not produce multiple lines of evidence showing the successful mitigation of 
harmful impacts to the GDEs, or the Measurable Objectives and Interim Milestones are not achieved, 
then the response action would be amended, re-implemented and monitored until the objectives are 
achieved.  If implementation of the response action does achieve the Measurable Objectives, then a 
decision will be made to segue the groundwater program back to the first phase (Detection Monitoring).  
Detection Monitoring would then continue as described in this GSP. 

6.2.2.2 RELEVANT MEASURABLE OBJECTIVES 

The measurable objectives benefiting from this management action include: 

• Groundwater elevation measurable objectives for the Dune Sand Aquifer for protection of GDEs.  
Effective response action would reverse groundwater elevation decline and return groundwater 
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elevations to the normal range of seasonal values, protecting the GDE habitat from significant 
and unreasonable impacts. 

6.2.2.3 EXPECTED BENEFITS AND EVALUATION OF BENEFITS 

The primary benefit from implementing this management action is to avoid significant and unreasonable 
impacts to GDEs in the vicinity of the MGSA Area.  These GDEs include designated environmentally 
sensitive habitat areas, wetland areas protected under mitigation agreements and laws, and habitats 
that support threatened, endangered, and other protected species.  Implementation of the 
management actions will protect these valuable resources and help to assure compliance with state and 
federal regulations that govern them. 

6.2.2.4 CIRCUMSTANCES FOR IMPLEMENTATION 

The management action will be implemented depending upon evaluation of monitoring data and if Tier 
1 and Tier 2 Trigger Thresholds are reached.   

6.2.2.5 PERMITTING AND REGULATORY PROCESS 

Prior to adoption or implementation of response actions, informal consultation with CDFW will be 
undertaken.  Informal consultation with United States Fish and Wildlife Service (USFWS) will be 
undertaken for any federally listed species. 

6.2.2.6 IMPLEMENTATION SCHEDULE 

Implementation will be dependent upon whether Tier 1 and Tier 2 Trigger Thresholds are reached.  It is 
expected that the Biological and Hydrologic Assessment Phase will take approximately six months to 
complete and the Response Action Implementation Phase will take up to approximately one year to 
complete, depending on the necessary action any additional data needs that must be addressed. 

6.2.2.7 ESTIMATED COSTS 

The estimated costs to implement Tier 2 investigations or coordinate response action implementation 
are approximately $50,000 per year.  Implementation costs would vary depending on the scope of 
investigation and corrective action, and would be developed prior to implementation and paid or 
reimbursed by the responsible groundwater extractors.   

6.3 LEGAL AUTHORITY 
The CWC provides MGSA the following powers and authorities, among others, to implement the above 
management actions: 

• CWC § 10725.4 (a) provides GSAs the authorities to conduct investigations to determine the 
need for groundwater management, and to monitor compliance and enforcement of a GSP. 
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• CWC § 10726.4 (a)(2) provides GSAs the authorities to control groundwater extractions by 
regulating, limiting, or suspending extractions from individual groundwater wells or extractions 
from groundwater wells in the aggregate. 

• CWC § 10725.2. provides that a GSA may perform any act necessary or proper to implement the 
above authorities, and may adopt rules, regulations, ordinances, and resolutions as necessary to 
do so. 

It is anticipated that, in the process of implementing the above authorities, MGSA may work with 
groundwater extractors to identify and implement alternative response actions that can comply with the 
Sustainable Management Criteria identified in this GSP. 

6.4 PUBLIC NOTICING 
The City Council of the City of Marina administers MGSA and is responsible to consider and approve 
decisions regarding the implementation of the management actions described in this GSP.  MGSA board 
meetings are held concurrently with City Council meetings on the first and third Tuesdays of each month 
in accordance with the Marina Municipal Code (Chapter 2.04) and City Ordinances: 2001-11 § 1 (2001), 
78-12 § 1 (1978), and 75-2 § 1 (1975).  The meetings are publicly noticed and agendas are made 
available on the City’s website (https://www.cityofmarina.org/AgendaCenter).  Open meetings may be 
preceded by a closed session if necessary and appropriate.  As described in Section 1.5.1, resolutions 
presented to City Council are voted on and require a majority vote of a quorum to be passed and 
adopted.  Open public hearings on specific resolutions may be held during meetings to allow for 
testimony from the public.  City Council Members will consider public testimony prior to voting on 
specific resolutions.   

As part of disseminating information to the general public, MGSA will post updates on its website to 
notify the public that the implementation of management actions is being considered or has been 
implemented.  This will include a description of the actions to be taken.  Additional noticing for the 
public will be conducted consistent as required in the case of the enactment of fees or assessments. 
Outreach may include public notices, meetings, website or social media presence, and email 
announcements.   

6.5 SVBGSA AND MCWRA PROJECTS AND MANAGEMENT ACTIONS SUPPORTED 
BY MGSA 
SVBGSA projects involve new or improved infrastructure to meet the regional Sustainable Management 
Criteria identified in SVBGSA’s GSP for the Subbasin (SVBGSA 2019).  MCWRA and others are proposing 
additional projects that will help to improve the understanding and sustainable management of 
groundwater resources in and near the MGSA Area.  Several projects are discussed below based on their 
relevance to the MGSA Area and vicinity.  Included are six projects that are planned for implementation 
or are already in progress (including four SVBGSA “Priority Projects”), and two SVBGSA “Alternative 



CHAPTER 6 – PROJECTS AND MANAGEMENT ACTIONS 
Groundwater Sustainability Plan 
for the City of Marina GSA Area of the 180/400 Foot Aquifer Subbasin January 2020 

 

6-11 

Projects” that will be implemented only if they are deemed cost effective or necessary to achieve 
sustainability.   

Management actions in SVBGSA’s GSP were defined as new or revised non-structural programs or 
policies that are intended to reduce or optimize local groundwater use (SVBGSA 2019).  Management 
actions will be implemented only if they are deemed cost effective or necessary to achieve 
sustainability.  The four SVBGSA management actions discussed below are considered potentially 
relevant to achieving the sustainability objectives of the MGSA GSP in and near the MGSA Area.  These 
management actions are not adopted as part of this GSP; however, MGSA will cooperate with and 
support them because they provide benefits to the MGSA Area.   

The proposed SVBGSA projects and management actions will provide in lieu recharge and direct 
recharge benefits including “arresting the decline, or raising, groundwater elevations” (SVBGSA 2019).  
For the 180-Foot Aquifer, SVBGSA has estimated a groundwater elevation rise of about 3.5 feet in the 
vicinity of the Salinas River and 2 feet in the vicinity of the MGSA Area as a result of implementing these 
project and management actions (SVBGSA 2019).  For the 400-Foot Aquifer, SVBGSA has estimated a 
groundwater elevation rise of about 3.5 feet in the vicinity of the Salinas River and 3 feet in the vicinity 
of the MGSA Area.  Raising groundwater elevations could change groundwater flow gradients, and 
potentially flow directions, in the 180-Foot and 400-Foot Aquifers. 

These projects and management actions are further described in the following subsections. 

6.5.1 OPTIMIZE CASTROVILLE SEAWATER INTRUSION PROJECT OPERATIONS (SVBGSA GSP 
PRIORITY PROJECT 2) 
The Castroville Seawater Intrusion Project (CSIP) system will be optimized to better accommodate 
diurnal and seasonal fluctuation in irrigation demand, maximizing use of water supplied from the Salinas 
Valley Reclamation Project (SVRP) and the Salinas River Diversion Facility (SRDF), thereby reducing the 
need for groundwater pumping in the CSIP service area, which includes area east and northeast of the 
MGSA Area (Figure 2-6).  This project aligns CSIP irrigation with availability of water rather than demand, 
to ensure the available supply water can be used to a greater extent.  Refer to Chapter 9 of SVBGSA’s 
GSP (SVBGSA 2019) for further details. 

The primary benefits from in lieu recharge projects such as CSIP optimization include reduction or 
avoidance of groundwater pumping from wells in the CSIP area throughout the year.  This is beneficial to 
MGSA because of its proximity to the CSIP service area and because pumping reductions in these areas 
support measurable objectives related to groundwater elevation, groundwater storage and seawater 
intrusion.  A direct correlation between CSIP optimization and changes in groundwater elevations, 
subsidence, or seawater intrusion is likely not possible to assess because this is only one among several 
similar management actions and projects that will be implemented in the Subbasin.  This project is 
anticipated to take three years to implement. 
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6.5.2 IMPROVE SRDF DIVERSION (SVBGSA GSP PRIORITY PROJECT 3) 
The SRDF Diversion improvements include installing a radial collector well to provide additional 
diversion capacity at the SRDF.  The project includes installing additional water storage for the proposed 
85 cubic feet per second (cfs) capacity of the SRDF.  Refer to Chapter 9 of SVBGSA’s GSP (SVBGSA 2019) 
for further details.   

The primary benefits from in lieu recharge or Aquifer Storage and Recovery (ASR) projects such as SRDF 
expansion include provision of additional water supply to the CSIP system, allowing for its expansion 
into new service areas as well as providing a potential source of water for aquifer recharge.  The 
expanded SRDF has the potential to yield up to 20,800 AFY if operated April through October.  This is 
beneficial to the MGSA Area because of its proximity to the CSIP service area and because pumping 
reductions in these areas support measurable objectives related to groundwater elevation, groundwater 
storage and seawater intrusion.  It is anticipated to take five to six years to implement this project. 

6.5.3 MODIFY MONTEREY ONE WATER RECYCLED WATER PLANT (SVRP MODIFICATIONS) 
(SVBGSA GSP PRIORITY PROJECT 4) 
Monterey One Water (M1W) is currently designing and permitting this project and SVBGSA intends to 
work closely with M1W on project implementation.  M1W’s Regional Wastewater Treatment Plant 
(RTP), located approximately 2 miles east of the MGSA Area, has a maximum capacity of 29.6 million 
gallons per day (mgd).  Currently, the facility is only treating 16 to 18 mgd of influent wastewater.  
During the wet weather months, 100% of all secondary treated wastewater is discharged to the ocean, 
forgoing the opportunity for beneficial reuse.  During the wet weather months, there is some demand 
for recycled water in the CSIP system; however, M1W cannot efficiently produce the tertiary treated 
water needed to meet agricultural demand during this time.  As a result, growers turn to the 
groundwater basin for their irrigation needs during these months.  Modifications are required at the 
M1W RTP in order to efficiently treat and store recycled water during the wet weather months.  Refer to 
Chapter 9 of SVBGSA’s GSP (SVBGSA 2019) for further details.   

The primary benefits from in lieu recharge projects such as M1W SVRP Modifications is additional water 
supply to the CSIP system during low-demand wet weather months, reducing groundwater pumping. 
The M1W SVRP Modifications project has the potential to yield up to 1,100 AFY via in lieu recharge, 
providing an alternative to groundwater sources in the CSIP area.  This is beneficial to MGSA because of 
its proximity to the CSIP service area and because pumping reductions in these areas support 
measurable objectives related to groundwater elevation, groundwater storage and seawater intrusion.  
This project will benefit other subbasins, such as the Monterey Subbasin by reducing pumping that 
impacts the neighboring subbasins.  It is anticipated to take approximately two years to implement. 

6.5.4 EXPAND AREA SERVED BY CSIP (SVBGSA GSP PRIORITY PROJECT 5) 
The CSIP expansion project involves enlarging the system’s service area, thereby increasing available 
water supplies in the spring and fall and lessening dependence on existing groundwater wells.  It is likely 
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that the existing CSIP supplies are not sufficient to meet the summertime demand of the expanded CSIP 
area without a significant increase in water supply from the Salinas River Diversion Facility (SRDF) or 
another source.  Refer to Chapter 9 of SVBGSA’s GSP (SVBGSA 2019) for further details.   

The benefits of this project are similar to SVBGSA Project 1, described above.  The expanded service area 
would lessen groundwater pumping by an amount equal to the quantity delivered: approximated as 
9,900 AFY.  This is beneficial to MGSA because of its proximity to the CSIP service area and because 
pumping reductions in these areas support measurable objectives related to groundwater elevation, 
groundwater storage and seawater intrusion.  This project is anticipated to take five years to implement. 

6.5.5 CONSTRUCT ADDITIONAL NESTED MONITORING WELLS IN THE DUNE SAND AND 
180/400-FOOT AQUIFERS NEAR THE MGSA AREA (PLANNED MCWRA PROJECT) 
As part of its obligation to implement the Mitigation, Monitoring and Reporting Program (MMRP) for 
the proposed Monterey Peninsula Water Supply Project (MPWSP), MCWRA plans to install and monitor 
five additional clusters of monitoring wells in the area surrounding the MGSA Area where spatial 
groundwater monitoring data gaps have been identified (CPUC 2018, MCWRA 2019d).  These new wells 
would have similar screened intervals to the existing monitoring wells installed at eight locations to 
monitor the effects of pumping the full slant well array for the proposed MPWSP if it is fully approved 
and implemented.  At each location, three monitoring wells would be constructed: one each in the Dune 
Sand Aquifer, 180-Foot Aquifer and 400-Foot Aquifer.  These wells would be added to the monitoring 
well network, for a total of 40 wells, and would be monitored quarterly or more frequently by MCWRA.  
MCWRA has indicated it plans to proceed with this project in the near future.   

6.5.6 REGIONAL DEEP AQUIFER CHARACTERIZATION (POTENTIAL PROJECT BY MCWRA, 
SVBGSA AND MCWD) 
MCWRA, SVBGSA and MCWD GSA are discussing plans to investigate the Deep Aquifer system in the 
Salinas Valley.  Although no specific plans are proposed at this time, there is broad consensus that this 
important data gap must be addressed during the early stages of GSP implementation to ensure that 
this important aquifer is sustainably managed.  It is anticipated that the investigation results will provide 
information regarding the nature and hydraulic properties of the Deep Aquifer system.  Specifically, the 
groundwater flow patterns in the Deep Aquifer, the interconnection between the disparate aquifer units 
in this system, how they are recharged, and the extent of potential leakance from the overlying upper 
aquifer system is expected to be addressed.  No specific scope or schedule has been proposed at this 
time.  MGSA will provide comments on the scope and results of this study, and incorporate the results 
into a future update of this GSP.   
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6.5.7 AGRICULTURAL LAND AND PUMPING ALLOWANCE RETIREMENT (SVBGSA GSP 
MANAGEMENT ACTION 1) 
SVBGSA water charges revenues would be used to acquire and retire irrigated land and/or pumping 
allowances (potentially including carryover credits and recharge credits) to reduce pumping.  All 
acquisitions would be completed on a voluntary basis from willing sellers at negotiated market prices.   
SVBGSA would cease irrigation on acquired land to reduce pumping.  SVBGSA would coordinate with 
other local agencies and stakeholders to determine beneficial uses of the acquired land (e.g. 
establishment of native vegetation).  Landowners selling pumping allowances to SVBGSA separate from 
land would be permitted to convert their land to rural residential use.  The number of de-minimis wells 
authorized on converted land would be based on the amount of pumping allowance sold to SVBGSA.  
The final ratio of sold pumping allowance to the number of de-minimis wells allowed will be agreed to in 
the final water charges framework.  

The benefit from land or pumping allowance retirement will be reduced pumping and either arresting 
groundwater elevation decline or raising groundwater elevations.  Depending on the location of the land 
retirement, ancillary benefits include reducing seawater intrusion rates.  Because it is unknown how 
many landowners will willingly enter the land retirement program, it is difficult to quantify the expected 
benefits at this time.  The option for land retirement will begin immediately after SVBGSA’s water 
charges framework is finalized and adopted.  Although the land retirement program would be ongoing, 
it will be reliant on willing sellers and will likely be implemented intermittently. 

6.5.8 RESERVOIR REOPERATION (SVBGSA MANAGEMENT ACTION 2) 
Reservoir reoperation entails a revised management scheme for the reservoirs that control the Salinas 
River flows.  The purpose of this management action is to operate the reservoirs to achieve two goals: 

• Allow surface flow releases to recharge groundwater in the various Salinas Valley Subbasins 
every winter; and 

• Allow both natural and surplus flows to better reach the SRDF diversion. 

The reservoir reoperations would more tightly integrate environmental flows with sustainable 
groundwater management activities to improve water availability for agricultural users and other 
groundwater users.  The major beneficiaries of this management action would be the Upper Valley and 
Forebay Subbasins, as they receive most of the river percolation.  There is limited benefit for the 
180/400 Foot Aquifer Subbasin, primarily to allow enough water to flow to the SRDF for CSIP operations; 
for this reason, it would potentially benefit the MGSA Area. 

Reservoir operations are managed by MCWRA, and would not be directly modified by SVBGSA.  Over the 
next few years, MCWRA plans to prepare a Habitat Conservation Plan (HCP) that re-establishes the 
reservoir operating rules for the Salinas Valley.  The HCP offers an opportunity for reservoirs to be 
explicitly operated for improved groundwater management as well as environmental flows and flood 
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control.  SVBGSA will participate in developing the HCP to implement the reservoir operations in a way 
that promotes this strategy. 

The primary benefit from reservoir reoperation is increased flows in the Salinas River in the winter, to 
allow for additional groundwater recharge in the subbasins and more flexible use of the groundwater in 
storage.  A second benefit is the availability of water at the SRDF diversion to allow for greater surface 
water use in the CSIP area, and potentially allow for CSIP area expansion (see SVBGSA Priority Project 5).  
The reservoir reoperation management action schedule will be contingent upon the development and 
finalization of the HCP and other reservoir operations criteria.  The implementation schedule will start as 
soon as new reservoir operations criteria are developed in collaboration with MCWRA. 

6.5.9 RESTRICT PUMPING IN CSIP AREA (SVBGSA MANAGEMENT ACTION 3) 
A number of the priority projects adopted by SVBGSA are designed to ensure a reliable, year-round 
supply of water to growers in the CSIP area.  These projects will remove any need for groundwater 
pumping in the CSIP area.  To promote use of CSIP water, SVBGSA may pass an ordinance preventing any 
pumping for irrigating agricultural lands served by CSIP.  The benefit from the CSIP pumping restrictions 
is reduced Subbasin pumping and either arresting groundwater elevation decline or raising groundwater 
elevations.  An ancillary benefit from shallower groundwater elevations may include reducing seawater 
intrusion.  CSIP pumping restrictions would be implemented within one year of substantially completing 
the CSIP optimization projects. 

6.5.10 SUPPORT AND STRENGTHEN MCWRA RESTRICTIONS ON ADDITIONAL WELLS IN THE 
DEEP AQUIFER (SVBGSA MANAGEMENT ACTION 4) 
MCWRA Ordinance No. 5302 restricts drilling new wells in the Deep Aquifer in an Area of Impact that is 
generally northwest of Davis Road.  Exceptions are made for replacement wells, domestic wells, and 
municipal supply wells.  This is a temporary urgency ordinance pending development of permanent 
regulations and is intended to decrease the potential for seawater intrusion into the Deep Aquifer until 
sufficient information can be obtained to assess its sustainable yield.  SVBGSA plans to work with 
MCWRA to strengthen the ordinance to prevent any new wells from being drilled into the Deep Aquifer 
until more is known about the Deep Aquifer’s sustainable yield.  MGSA will support this management 
action because it will promote groundwater sustainability as defined in this GSP.  The Deep Aquifer 
pumping restrictions will be implemented within one year of MCWRA completing its Deep Aquifer study 
(described in Section 6.5.6).  
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7 PLAN IMPLEMENTATION  
The 180/400 Foot Aquifer Subbasin (Subbasin) is subject to significant and unreasonable seawater 
intrusion due largely to long-term groundwater extraction in the inland portions of the Subbasin in 
excess of the sustainable yield, and has been identified by California Department of Water Resources 
(DWR) as being in a critical condition of overdraft (DWR 2016a).  The purpose of this Groundwater 
Sustainability Plan (GSP) is to support regional efforts to address this condition and achieve sustainable 
groundwater management within 20 years, as required by the Sustainable Groundwater Management 
Act (SGMA).  MGSA will achieve this by supporting the projects and management actions that will be 
implemented by Salinas Valley Basin Groundwater Sustainability Agency (SVBGSA) under its regional 
Groundwater Sustainability Plan (GSP), and by assuring that local groundwater resources are managed 
sustainably to protect local and regional beneficial uses and users.  This chapter describes how the 
Groundwater Sustainability Plan (GSP) for the Marina Groundwater Sustainability Agency (MGSA) 
jurisdiction (MGSA Area) in the 180/400 Foot Aquifer Subbasin will be implemented and describes the 
main activities needed for GSP implementation.  The primary activities are listed below and are 
described in the subsequent sections of this chapter: 

• Monitoring and reporting groundwater data, including coordination with Monterey County 
Water Resources Agency (MCWRA), which is responsible for implementation of most of the data 
collection activities needed to support the monitoring programs described in this GSP; 

• Addressing data gaps; 

• Updating the data management system (DMS) to support ongoing data-driven GSP 
implementation as needed; 

• Refining the GSP based on the upcoming release of the United States Geological Survey (USGS) 
Salinas Valley Integrated Hydrologic Model (SVIHM) and planned review and use of the SVIHM 
by Salinas Valley Basin Groundwater Sustainability Agency (SVBGSA) to update its GSP;  

• Concurrent with the above update, refining the GSP based on the planned development of a 
locally-refined groundwater flow model by Marina Coast Water District (MCWD) GSA that is able 
to simulate solute transport and density-driven flow (these activities will also be coordinated 
with SVBGSA); 

• Intra- and Inter-Basin coordination with SVBGSA and MCWD GSA, respectively; and 

• Implementation of management actions, as appropriate and as triggered by thresholds 
identified in Chapter 6.   

In general, MGSA (like all other GSAs) has the powers and authorities granted to GSAs set forth in 
Chapter 5 of SGMA, in California Water Code (CWC) §§ 10725 through 10726.9.  Among other things, 
when implementing this GSP, MGSA (like all other GSAs) has the power and authority to: 
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• Adopt rules, regulations, ordinances and resolutions (§ 10725.2); 

• Conduct investigations (§ 10725.4); 

• Require registration (§ 10725.6);  

• Require measurement and reporting of extractions (§ 10725.8); 

• Implement the GSP (§ 10726.2); 

• Regulate groundwater extraction (§ 10726.4); 

• Enter into agreements with private parties (§ 10726.5); and 

• Exercise judicial and enforcement authority (§§ 10726.6, 10732, 10732.2).   

The implementation plan in this chapter is based on the understanding of the Subbasin presented in 
Chapters 2 and 3, an assessment of planned SVBGSA projects and MCWD GSA activities pertinent to the 
MGSA Area summarized in Chapter 6, and MGSA management actions described in Chapter 6.  The 
current understanding of the Subbasin and details of projects and management actions will evolve over 
time based on additional data collection, release of the SVIHM and other tools and planned studies, 
activities to address data gaps by SVBGSA, MCWD GSA and others, and implementation of projects and 
management actions.  This chapter addresses activities needed for MGSA GSP implementation between 
2020 and 2040.  However, it particularly focuses on activities between 2020 and 2025, at which point 
significant updates to the GSP are expected to be implemented in collaboration with SVBGSA and 
MCWD GSA.  Implementation activities are described in Section 7.1.  Implementation costs and 
schedules are described in Sections 7.2 and 7.3. 

7.1 IMPLEMENTATION ACTIVITIES 
The main activities for implementation of this GSP include the monitoring, evaluating, and reporting of 
sustainability conditions; the implementation of management actions; and the coordination of 
sustainable groundwater management activities with SVBGSA, MCWD GSA and MCWRA.  MGSA will hire 
technical consultants, as needed, to evaluate the monitoring data and prepare reports. 

7.1.1 ACTIVITY 1: MONITORING, REPORTING, AND OUTREACH 
7.1.1.1 MONITORING 

Monitoring of the six sustainability indicators will be initiated after adoption of the MGSA GSP as 
described in Chapter 5.  Groundwater Dependent Ecosystems (GDEs) are beneficial users of the Dune 
Sand Aquifer and some are associated with vernal ponds and the Salinas River, and therefore associated 
with both the Chronic Groundwater Level Decline and Interconnected Surface Water sustainability 
indicators.  They are discussed separately below.  Most of the monitoring activities necessary to support 
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this GSP are currently being conducted by MCWRA; however, MCWD GSA is in the process of evaluating 
the adequacy of local monitoring networks and plans to construct a locally refined groundwater flow, 
solute transport and density driven flow to support preparation of its GSP.  The results of these studies 
and investigations, and the availability of refined tools and monitoring networks, may lead to changes in 
local monitoring networks and approaches during GSP implementation or as part of the planned five-
year GSP update.  These activities will also be coordinated with SVBGSA. 

Historical and current monitoring networks near the MGSA Area include eight clusters of nested 
monitoring wells constructed in the MGSA Area and its vicinity as part of the test slant well pumping test 
for the proposed Monterey Peninsula Water Supply Project (MPWSP), two clusters of monitoring wells 
constructed by USGS to investigate the Deep Aquifer approximately ½ mile south of the MGSA Area, and 
a number of supply wells completed in the 180-Foot, 400-Foot and Deep Aquifers that are included in 
various MCWRA monitoring programs.  All of these wells are currently monitored by MCWRA as 
previously described in Chapter 5.  Each MPWSP monitoring well cluster includes a shallow well 
completed in the Dune Sand Aquifer (DSA), a medium-depth well completed in the 180-Foot Aquifer, 
and a deep well completed in the 400-Foot Aquifer.   

MCWRA plans to implement a groundwater level and quality monitoring program to comply with the 
Mitigation, Monitoring and Reporting Program (MMRP) for the MPWSP that includes all of the above 
wells, adds additional existing wells and includes installation and monitoring of five additional clusters of 
monitoring wells in the area surrounding the MGSA Area where data gaps have been identified (CPUC 
2018, Zidar and Feeney 2019).  These new wells will have similar screened intervals as the existing 
MPWSP test slant well monitoring wells and will be added to the existing monitoring network.  The 
monitoring program adopted in this GSP includes the wells identified in the monitoring plan for the 
MPWSP MMRP.  The specific wells used for assessing compliance with the groundwater level and quality 
measurable objectives and minimum thresholds described in Chapter 4 are identified in Chapter 5.  
Monitoring of the wells will be conducted by MCWRA.  MGSA will compile and evaluate the monitoring 
results semiannually as described in Chapter 5 to determine if progress is being made toward 
sustainability or alternatively if management triggers have been reached and management actions need 
to be implemented.  Data will be uploaded and maintained in the DMS.  It should be noted that MGSA is 
currently working to develop an agreement with MCWRA to that includes provisions that, should the 
MPWSP not move forward, MGSA and MCWRA will work with other agencies with jurisdiction in the 
area to develop and maintain a suitable monitoring program in the nearshore area of the Subbasin.  

7.1.1.1.1 GROUNDWATER ELEVATION MONITORING 

Groundwater elevation monitoring will be conducted in the DSA, 180-Foot Aquifer, 400-Foot Aquifer 
and Deep Aquifer by MCWRA.  Data include continuously recorded transducer data as well as quarterly 
(or more frequent) hand gaging data.  The monitoring data will be compiled and evaluated semi-
annually in accordance with the procedures described in Chapter 5 to assess the potential for significant 
and unreasonable impacts to beneficial groundwater users, including operators of existing wells and 
GDEs.  The implementation of management actions is described in Section 7.1.6.  The data will be 
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uploaded to the DMS and will be used to create tables and figures for MGSA’s annual report submitted 
to DWR.  

7.1.1.1.2 GROUNDWATER STORAGE MONITORING 

Groundwater elevation monitoring data, water quality data, and induction logging data collected from 
the monitoring wells identified in Chapter 5 will be compiled and evaluated semi-annually in accordance 
with the procedures identified in Chapters 5 and 6.  If the data indicate that undesirable results may be 
occurring, then MGSA will implement a series of escalating management actions to further investigate 
the potential depletion of the zone with low total dissolved solids (TDS) groundwater underlying the DSA 
to determine whether it has been significantly and unreasonably depleted.  The implementation of 
management actions is described in Section 7.1.6.  In addition, groundwater extraction data will be 
provided by groundwater extractors in the MGSA Area and will be provided by MCWRA annually for 
supply wells in the surrounding area.  These data will be evaluated annually to help assess the nature 
and cause of any observed depletions.   

7.1.1.1.3 SEAWATER INTRUSION MONITORING 

Water quality monitoring and induction logging to assess seawater intrusion will be conducted at least 
quarterly based on analysis of samples collected from the monitoring wells identified in Chapter 5 for 
TDS and chloride, and assessment of induction logs to evaluate potential changes in saline water depth 
and extent.  The data will be compiled and evaluated semi-annually in accordance with the procedures 
identified in Chapters 5 and 6.  The evaluation will include an assessment of whether the concentration 
and/or trend triggers investigation or management actions regarding the potential for significant 
migration of the saline water intrusion wedge underlying the area.  The implementation of management 
actions is described in Section 7.1.6.  Monitoring data will be uploaded to the DMS and will be used to 
create tables and figures for the annual report.   

7.1.1.1.4 GROUNDWATER QUALITY MONITORING 

Water quality monitoring to assess potential water quality degradation in the low TDS groundwater 
zone underlying the DSA will be conducted at least quarterly based on analysis of samples collected 
from the monitoring wells identified in Chapter 5 for TDS and chloride.  The data will be compiled and 
evaluated semi-annually in accordance with the procedures identified in Chapters 5 and 6.  The 
evaluation will include an assessment of whether the concentration and trend triggers management 
actions to further investigate the potential for significant water quality degradation.  The 
implementation of management actions is described in Section 7.1.6.  Monitoring data will be uploaded 
to the DMS and will be used to create tables and figures for the annual report.   

In addition, MCWRA is tasked with assessing whether groundwater extraction related to the MPWSP (if 
implemented) causes additional migration of groundwater contamination associated with the Ford Ord 
Superfund Site Operable Unit Carbon Tetrachloride Plume (OUCTP) area, located about 1mile southeast 
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of the MGSA Area.  Data from MCWRA’s annual review will be provided to MGSA for review and 
consideration annually.   

7.1.1.1.5 LAND SUBSIDENCE MONITORING 

Land subsidence has not been reported in the Salinas Valley.  Given that the risk of land subsidence 
results from lowered groundwater elevations, especially when groundwater elevations fall below 
historical lows in confined aquifer systems, MGSA will rely on the groundwater elevation monitoring 
data described in Section 7.1.1.1.1.  In addition, in collaboration with SVBGSA, MGSA will obtain and 
review data regarding subsidence measurements from USGS, DWR, Jet Propulsion Laboratories (JPL) and 
others, including remote sensing Interferometric Synthetic Aperture Radar (InSAR) data. 

7.1.1.1.6 INTERCONNECTED SURFACE WATER MONITORING 

Interconnected surface water monitoring will be conducted at wells MW-6S and MW-9S, and will be 
used to augment regional monitoring and modeling studies planned by SVBGSA to assess surface-
groundwater interaction along the Salinas River.  Shallow groundwater data, along with river discharge 
and stage data will be assessed to evaluate the extent, nature and impacts of the interconnection of the 
Salinas River with the DSA and the underlying 180-Foot Aquifer.   

7.1.1.1.7 GROUNDWATER DEPENDENT ECOSYSTEM MONITORING 

The response of GDEs to groundwater level declines depends on a number of factors, including the 
tolerance of the vegetation species to seasonal, inter-annual and long-term groundwater elevation 
changes, and the availability and proximity of potential surface water sources.  Monitoring of GDEs will 
rely on the shallow groundwater elevation and quality monitoring network described in Chapter 5.  In 
addition, the baseline biological conditions of the vernal ponds near the MGSA Area will be assessed and 
documented, and a biological monitoring program will be implemented to evaluate the effect of 
groundwater level changes on GDE habitat composition and vigor once the baseline assessment is 
completed.  The evaluation will include an assessment of whether triggers for management actions have 
been reached.  The implementation of management actions is described in Section 7.1.6.   

7.1.1.1.8 REPORTING  

7.1.1.1.9 ANNUAL REPORTS 

Regulation Requirements: 
§ 356.2. Annual Reports  

Each Agency shall submit an annual report to the Department by April 1 of each year following the adoption of the Plan. 
The annual report shall include the following components for the preceding water year:  

(a) General information, including an executive summary and a location map depicting the basin covered by the report.  
(b) A detailed description and graphical representation of the following conditions of the basin managed in the Plan:  
  (1) Groundwater elevation data from monitoring wells identified in the monitoring network shall be analyzed and displayed as 

follows:  
    (A) Groundwater elevation contour maps for each principal aquifer in the basin illustrating, at a minimum, the seasonal high 

and seasonal low groundwater conditions.  
    (B) Hydrographs of groundwater elevations and water year type using historical data to the greatest extent available, 

including from January 1, 2015, to current reporting year.  
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(2) Groundwater extraction for the preceding water year. Data shall be collected using the best available measurement 
methods and shall be presented in a table that summarizes groundwater extractions by water use sector, and identifies 
the method of measurement (direct or estimate) and accuracy of measurements, and a map that illustrates the general 
location and volume of groundwater extractions.   

(3) Surface water supply used or available for use, for groundwater recharge or in-lieu use shall be reported based on 
quantitative data that describes the annual volume and sources for the preceding water year.  

(4) Total water use shall be collected using the best available measurement methods and shall be reported in a table that 
summarizes total water use by water use sector, water source type, and identifies the method of measurement (direct or 
estimate) and accuracy of measurements. Existing water use data from the most recent Urban Water Management Plans 
or Agricultural Water Management Plans within the basin may be used, as long as the data are reported by water year.  

(5) Change in groundwater in storage shall include the following:  
    (A) Change in groundwater in storage maps for each principal aquifer in the basin. (B) A graph depicting water year type, 

groundwater use, the annual change in groundwater in storage, and the cumulative change in groundwater in storage for 
the basin based on historical data to the greatest extent available, including from January 1, 2015, to the current reporting 
year.  

(c) A description of progress towards implementing the Plan, including achieving interim milestones, and implementation of 
projects or management actions since the previous annual report.  

 
Annual reports will be prepared in accordance with 23 CCR § 356.2 as summarized above, and will be 
submitted to DWR starting April 1, 2021.  The reports will include a summary of the monitoring and 
groundwater extraction data collected and an evaluation of the data compared to the sustainable 
management criteria as detailed in Chapter 4, and the management actions described in Chapter 6.  
Management actions will be adapted as necessary based on the evaluation of current conditions and the 
sustainability goal.  It is anticipated that the annual reports will be prepared by technical consultants in 
coordination with MGSA staff.  The estimated cost of the annual reports is presented in Table 7-1. 

7.1.1.1.10 PERIODIC ASSESSMENTS 

Regulation Requirements: 
§ 356.4. Periodic Evaluation by Agency  

Each Agency shall evaluate its Plan at least every five years and whenever the Plan is amended, and provide a written 
assessment to the Department. The assessment shall describe whether the Plan implementation, including 
implementation of projects and management actions, are meeting the sustainability goal in the basin, and shall include the 
following:  

 (a) A description of current groundwater conditions for each applicable sustainability indicator relative to measurable 
objectives, interim milestones and minimum thresholds.  

 (b) A description of the implementation of any projects or management actions, and the effect on groundwater conditions 
resulting from those projects or management actions.  

 (c) Elements of the Plan, including the basin setting, management areas, or the identification of undesirable results and the 
setting of minimum thresholds and measurable objectives, shall be reconsidered and revisions proposed, if necessary.  

 (d) An evaluation of the basin setting in light of significant new information or changes in water use, and an explanation of 
any significant changes. If the Agency’s evaluation shows that the basin is experiencing overdraft conditions, the Agency 
shall include an assessment of measures to mitigate that overdraft.  

 (e) A description of the monitoring network within the basin, including whether data gaps exist, or any areas within the basin 
are represented by data that does not satisfy the requirements of Sections 352.4 and 354.34(c). The description shall 
include the following:  

  (1) An assessment of monitoring network function with an analysis of data collected to date, identification of data gaps, 
and the actions necessary to improve the monitoring network, consistent with the requirements of Section 354.38.  

  (2) If the Agency identifies data gaps, the Plan shall describe a program for the acquisition of additional data sources, 
including an estimate of the timing of that acquisition, and for incorporation of newly obtained information into the Plan.  

  (3) The Plan shall prioritize the installation of new data collection facilities and analysis of new data based on the needs of 
the basin.  
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 (f) A description of significant new information that has been made available since Plan adoption or amendment, or the last 
five-year assessment. The description shall also include whether new information warrants changes to any aspect of the 
Plan, including the evaluation of the basin setting, measurable objectives, minimum thresholds, or the criteria defining 
undesirable results.  

 (g) A description of relevant actions taken by the Agency, including a summary of regulations or ordinances related to the 
Plan.  

 (h) Information describing any enforcement or legal actions taken by the Agency in furtherance of the sustainability goal for 
the basin.  

 (i) A description of completed or proposed Plan amendments.  
 (j) Where appropriate, a summary of coordination that occurred between multiple Agencies in a single basin, Agencies in 

hydrologically connected basins, and land use agencies.  
 (k) Other information the Agency deems appropriate, along with any information required by the Department to conduct a 

periodic review as required by Water Code Section 10733. 

 
Periodic assessment reports will be submitted to DWR every five years starting in 2025.  The reports will 
be produced in accordance with 23 CCR § 356.4 as summarized above, and will include an evaluation of 
how well the MGSA GSP is meeting the sustainability goals.  Management actions will be adapted as 
necessary based on the evaluation of current conditions and the sustainability goal.  The assessment 
report will also include a description of significant new information and whether this information 
warrants any changes to the GSP including monitoring, measurable objectives, minimum thresholds, 
criteria defining undesirable results, or management actions.  It is anticipated that the assessment 
reports will be prepared by technical consultants in coordination with MGSA staff. The estimated cost of 
the five-year assessment report is presented in Table 7-1.  Because the SVIHM is expected to become 
available within the next five years and will provide an important new tool for assessment of 
groundwater flows, water budgets, projects and sustainability indicators, it is expected that the first 
five-year update will result in substantial revisions to the MGSA GSP in parallel with changes to the 
regional GSP developed by SVBGSA.   

7.1.1.1.11 COMMUNICATION AND OUTREACH 

MGSA will work to encourage the active involvement of diverse social, cultural, and economic elements 
of the community by keeping the community informed about progress in implementing the GSP. 
Federal, state, and local agencies, water providers, property owners, environmental stakeholders, and 
other interested parties will have opportunities, both formal and informal, to provide input to MGSA 
regarding implementation of this GSP.  Such opportunities include, but are not limited to, public 
comment periods required by SGMA (e.g., CWC § 10728.4) as well as opportunities for public comment 
during regular and special Marina City Council meetings, and at other times to be determined and 
noticed pursuant to CWC § 10727.8 (a).   

MGSA will periodically provide information to the public about GSP implementation and progress 
towards groundwater sustainability on the city’s website, https://cityofmarina.org/918/Groundwater-
Sustainability-Plan.  The MGSA webpage will be maintained on a regular basis, and provides a brief 
history of the formation of MGSA, a description of the MGSP Area, and plans for the future.  Contact 
information for the MGSA Plan Manager is provided, as well as background information and related 
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documents.  MGSA will post information and updates regarding MGSP implementation and progress on 
this webpage.  

7.1.2 ACTIVITY 2: ADDRESS DATA GAPS 
Chapters 3 identified the following main data gaps related to the hydrogeologic conceptual model 
(HCM) and the water budget: 

1. Groundwater elevation and quality data in the MGSA Area – There is limited proximal data to 
the MGSA Area to characterize groundwater flow patterns in the vicinity of the MGSA Area and 
the low TDS water zone in the Dune Sand Aquifer and 180-Foot Aquifer.  There is also a limited 
period of record for monitoring groundwater elevations and water quality in and near the MGSA 
Area (generally 2015 to present).   

2. Interconnection between the Salinas River and the DSA and underlying 180-Foot Aquifer – The 
nature and degree of the interconnection between the lower reach of the Salinas River and the 
DSA and underling 180-Foot Aquifer is unknown due to the limited amount of data.  

3. Effect of drawdown in the DSA on GDEs – The effect of shallow groundwater drawdown on a 
GDE depends on the species present, the amount and rate of groundwater level decline, and 
hydrology of the GDE system and the extent to which it is groundwater dependent or 
supplemented by other sources.  The linkage between groundwater level declines and the GDEs 
located near the MGSA Area has not been quantified, and the ability of the GDEs to recover 
from drawdown-induced stress is not known.   

4. Deep Aquifer system –There is very little data regarding the nature and hydraulic properties of 
the Deep Aquifer system, and its potential connection to the overlying, seawater-intruded, 400-
Foot Aquifer. 

5. Aquifer parameters – There are very few measured aquifer parameters for the Dune Sand, 180-
Foot, 400-Foot and Deep Aquifers.  

6. Depth discrete groundwater data – There are long screened intervals in wells near the MGSA 
Area, particularly for the 180-Foot Aquifer (110 feet).  These screen lengths are too long to 
resolve vertical variations in groundwater quality and gradients.   

7. Airborne Electromagnetic (AEM) geophysical survey data – The available geophysical data are 
temporally limited.  An AEM survey was recently completed that provided a snapshot in time of 
current subsurface conditions.   

8. Land Subsidence – Although available data suggest that the vicinity of the MGSA Area has not 
experienced significant subsidence, the data are insufficient to assess the potential vulnerability 
of this area to future subsidence if groundwater extractions are increased.   
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9. Potential MPWSP Impacts – The tools to adequately assess the potential impacts of the 
proposed MPWSP on the minimum thresholds identified in Chapter 4 are not sufficiently refined 
to allow prediction of the sustainable yield of this project.  If the MPWSP is fully approved and 
permitted, there would be a need for additional modeling and targeted data collection to 
evaluate and address any impacts the project would have on the sustainability goals. 

These data gaps will be addressed as described below. 

7.1.2.1 GROUNDWATER ELEVATION AND QUALITY DATA IN THE MGSA AREA 

To increase the amount of groundwater elevation and quality data in the MGSA Area, MCWRA is 
planning to install five additional wells clusters in the DSA, 180-Foot Aquifer and 400-Foot Aquifer (Zidar 
and Feeney 2019).  Data from these new wells and additional monitoring data from the existing wells 
will address spatial data gaps in the existing monitoring system.  In addition, MCWD GSA will evaluate 
the adequacy of the existing monitoring networks in the area surrounding their jurisdiction in the 
Monterey and 180/400 Foot Aquifer Subbasins during preparation of the GSP for the Monterey 
Subbasin and address additional data gaps as needed.  MGSA will review the outcome of this analysis 
and any additional studies, and the monitoring program of this GSP will be refined as needed to 
collaborate with MCWD GSA in meeting the sustainability goals of both GSAs.  While the lack of 
historical groundwater elevation and quality monitoring data in and near the MGSA Area cannot be 
remedied, future monitoring will address the data gap related to a limited period of record over time.   

7.1.2.2 INTERCONNECTION BETWEEN SALINAS RIVER AND THE DUNE SAND AQUIFER 

SVBGSP has noted that the release of the calibrated USGS SVIHM will provide an important new tool and 
valuable additional data regarding the interconnection between the Salinas River and the DSA and other 
shallow aquifers, and the underlying 180-Foot Aquifer.  Furthermore, SVBGSA has proposed a regional 
investigation to assess the level of interconnection using existing shallow wells located adjacent to the 
Salinas River (if any can be identified) and up to two new shallow wells along the Salinas River.  MGSA 
will review the model results and the results of the SVBGSA investigation, perform supplemental local or 
regional evaluations as needed, and incorporate them into updates of the GSP. 

7.1.2.3 BASELINE BIOLOGICAL ASSESSMENT OF GDES 

As discussed in Sections 3.2.6.1.2 and 4.4.2.1, the ecological water requirements and thresholds of 
response to changes in groundwater levels differ among GDEs.  The ability of such GDEs to adapt or 
recover from groundwater declines depends largely on the overall water budget and the degree to 
which the GDE is dependent on groundwater.  The degree of interaction between wetlands and 
groundwater can vary greatly and depends on many factors including their position in the landscape, the 
permeability of the substrate, depth to the water table, and seasonal fluctuations in water inputs.  GDEs 
develop in response to unique timing, duration, frequency and chemistry of water inputs.  An analysis of 
historical evapotranspiration (ET) variability, groundwater levels and drawdown at the Armstrong Ranch 
ponds demonstrates a correlation between groundwater levels and biomass productivity in this GDE, 
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and illustrates its sensitivity to groundwater level declines.  Biomass productivity rebounded with 
groundwater levels; however, it is not known whether the stress induced in the GDE resulted in a 
change in the vegetation community, habitat degradation, or habitat succession that is not readily 
reversible.   

At this time, it is not possible to determine precisely what level of drawdown imposed on natural 
groundwater elevation fluctuations would have a significant and unreasonable impact on the GDEs near 
the MGSA Area.  To address this data gap, MGSA will retain a qualified biologist to perform a baseline 
assessment of the vernal ponds that may be affected by groundwater elevation declines.  The purpose 
of this baseline assessment will be to characterize these wetlands and their dependence on 
groundwater and potential sensitivity to groundwater elevation declines, and to establish baseline 
conditions for future comparison.  Based on the findings of the baseline assessment, a monitoring plan 
will be developed to assess changes in the vigor and quality of the GDE habitats over time and allow 
correlation of changes to shallow groundwater elevations.  Quantitative approaches, such as the 
development of habitat suitability index models, state and succession models, or similar assessment 
tools, will be developed to assess possible future changes in habitat quality, services and succession.   

7.1.2.4 DEEP AQUIFER SYSTEM 

MCWRA, MCWD GSA and SVBGSA are discussing plans to investigate the Deep Aquifer system in the 
Salinas Valley.  Although no specific plans are proposed at this time, there is broad recognition that this 
important data gap must be addressed during the early stages of GSP implementation for the Subbasin 
to assure that this aquifer is sustainably managed.  MGSA will cooperate with these efforts, review the 
investigation results and update the Hydrogeologic Conceptual Model (HCM), sustainable management 
criteria, monitoring program and management actions in this GSP, as appropriate.  It is anticipated that 
the investigation results will provide information regarding the nature and hydraulic properties of the 
Deep Aquifer system.  Specifically, the groundwater flow patterns in the Deep Aquifer, the 
interconnection between the disparate aquifer units in this system, how they are recharged, and the 
extent of potential leakance from the overlying upper aquifer system.  

7.1.2.5 AQUIFER PARAMETERS 

SVBGSA is proposing to conduct aquifer testing on up to three wells in the 180-Foot Aquifer and up to 
three wells in the 400-Foot Aquifer.  These one-time aquifer tests are proposed to last for a minimum of 
8 hours followed by a 4-hour monitored recovery period.  Additional details regarding the aquifer tests 
can be found in Section 10.3 of SVBGSA’s GSP for the Subbasin.  Additional aquifer tests may be 
conducted by others, including in the DSA or the Deep Aquifer.  MGSA will review the aquifer test results 
and update the GSP HCM.   

7.1.2.6 DEPTH DISCRETE GROUNDWATER DATA 

As discussed in Section 7.1.2.1, MCWD GSA will evaluate the adequacy of the existing monitoring 
networks in the area surrounding their jurisdiction in the Monterey and 180/400 Foot Aquifer Subbasins 
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during preparation of GSPs for those Subbasins and address additional data gaps as needed.  This will 
include the limitations posed by long monitoring well screen intervals on the identification of vertical 
groundwater gradient and quality trends that influence seawater intrusion locally.  This data gap is 
partially addressed through the induction logging of deep monitoring wells; however, additional 
monitoring wells completed at various vertically-discrete depths may be needed.  MGSA will review the 
outcome of this analysis and any additional studies, and the monitoring program of this GSP will be 
refined as needed to collaborate with MCWD GSA in meeting the sustainability goals of both GSAs.   

7.1.2.7 GEOPHYSICAL SURVEY DATA 

Additional geophysical surveys may be needed to evaluate potential changes in groundwater elevations, 
groundwater quality, and/or seawater intrusion in the event that the MPWPS slant well pumping is 
approved and occurs as well as other projects in the vicinity of the MGSA.  MGSA will coordinate with 
MCWD GSA regarding the need for additional surveys and with the evaluation of the survey results.  

7.1.2.8 LAND SUBSIDENCE 

Given the relatively low risk of subsidence near the MGSA Area, the monitoring of groundwater 
elevations and review of remote sensing data periodically published by DWR, USGS or others should be 
an adequate monitoring program for this sustainability indicator.  However, some uncertainty remains 
regarding the potential vulnerability of the Subbasin to land subsidence, and MGSA will work with 
SVBGSA to address this data gap during GSP implementation.   

7.1.2.9 POTENTIAL MPWSP IMPACTS 

A groundwater model that can simulate solute transport and density-driven flow, and that incorporates 
the heterogeneity of the aquifer system in the Marina area is not available at this time.  The potential 
effects of the proposed MPWSP on the local water budget, water quality and seawater intrusion cannot 
be adequately evaluated without such a model.  If the MPWSP is fully approved and permitted, there 
would be a need for a locally-refined groundwater flow model that is able to simulate solute transport 
and density-driven flow, and for additional targeted investigation to conduct studies to address data 
gaps.  MCWD GSA is currently planning to conduct such studies for the area that includes their GSA 
boundaries and the surrounding region, including the MGSA Area and beyond.  MGSA will collaborate 
with and review these studies, and update the HCM, sustainable management criteria, monitoring 
networks and management actions in this GSP to assure the sustainability goals are met if the MPWSP is 
implemented.  These activities will also be coordinated with SVBGSA. 

7.1.3 ACTIVITY 3: UPDATE DATA MANAGEMENT SYSTEM 
Regulation Requirements: 
§ 352.6. Data Management System  

Each Agency shall develop and maintain a data management system that is capable of storing and reporting information 
relevant to the development or implementation of the Plan and monitoring of the basin. 
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As described in Chapter 5, a Microsoft Access DMS has been created to store GSP monitoring data.  The 
DMS contains well construction details, well ownership information, GIS well coordinates including well 
elevation and top of casing, well production data, groundwater elevations, and groundwater quality 
data. Salinas River streamflow gauge data from USGS will also be stored in the database.  MGSA’s 
database has a simple structure which is shared with the DMS being developed by MCWD GSA in 
support of the GSP for the Monterey Subbasin, which abuts the MGSA Area to the south.  In addition, 
MGSA is coordinating with database personnel from SVBGSA to assure compatibility with the DMS being 
developed by that agency.  Both GSAs will rely extensively on the same monitoring data collected by 
MCWRA; therefore, it is anticipated that very little data transfer will actually need to occur.  SVBGSA is 
considering development of a web-based DMS to facilitate basin-wide groundwater management.  
MGSA will cooperate with this effort, but will retain a relatively simple structure for its DMS that is not 
web-based.  MGSA’s DMS will be periodically updated with monitoring data as described in Section 
7.1.1, and will be used to create tables for data evaluation, model inputs and calibration if needed, 
adaptive management and reporting to DWR.  

7.1.4 ACTIVITY 4: REFINE GSP BASED ON FINDINGS FROM THE USGS SVIHM AND SVBGSP 
ADDENDUM 
SVBGSA noted in its GSP that USGS anticipates releasing its fully calibrated SVIHM in late 2020 (SVBGSA 
2019).  The SVIHM, when available, will represent the state of the science when it comes to 
groundwater management tools in the Salinas Valley Basin.  SVBGSA intends to update its GSP based on 
refined information regarding the groundwater flow system, water budgets and predictive capability of 
that model.  SVBGSA intends to review and potentially update (if warranted) the following: 

• Historical, current, and projected water budgets; 
• Sustainable yield; 
• Numerical minimum thresholds for the depletion of interconnected surface water; and 
• Benefits of the proposed management actions and priority projects. 

SVBGSA intends to incorporate their updates in either an addendum to their GSP for the 180/400 Foot 
Aquifer Subbasin, or in the 5-year GSP update report.  For additional details on these expected updates, 
please refer to Chapter 10 of SBVGSA’s GSP.  

Because the MGSA Area is located at the seaward edge of the much larger 180/400 Foot Aquifer 
Subbasin area managed by SVBGSA, the data and HCM contained in SVBGSA’s GSP provides important 
regional context and understanding for the MGSA GSP.  In addition, MGSA has adopted the regional 
water budgets and several of the regional sustainable management criteria contained in SVBGSA’s GSP.  
Therefore, MGSA intends to work in parallel with SVBGSA in its review of the calibrated SVIHM, and 
update this GSP at the same time.  If the new information is significant for local groundwater 
management, MGSA will prepare an addendum or update report refining the following items in the 
MGSA GSP: 
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• The local Hydrogeologic Conceptual Model (HCM); 
• Local historical, current, and projected water budgets; 
• Local groundwater elevation and gradient changes potentially resulting from the 

implementation of regional priority projects; and 
• Local sustainable yield estimates, minimum thresholds and other sustainable management 

criteria. 

7.1.5 ACTIVITY 5: INTER AND INTRA BASIN COORDINATION WITH SVBGSA AND MCWD GSA 
MGSA will attend coordination meetings with SVBGSA and MCWD GSA as the GSPs for the Subbasin are 
implemented.  It is anticipated that during the first year, coordination meetings will be monthly and 
then quarterly in subsequent years.  The meeting agenda for these coordination meetings will likely 
include a discussion of the implementation of regional priority projects and management actions, as well 
as the potential coordination of local data and management actions.  As these projects and 
management actions are implemented, the meeting agenda will likely include the impacts of the actions 
and evaluation of how well the GSPs are meeting their mutual goals for sustainable management of the 
Subbasin. 

7.1.6 ACTIVITY 6: LOCAL MANAGEMENT ACTIONS FOR SEAWATER INTRUSION AND 
GROUNDWATER QUALITY DEGRADATION AND GDE IMPACTS 
MGSA will monitor and evaluate the potential for significant and unreasonable groundwater level 
decline that could affect GDEs, seawater intrusion, groundwater quality degradation and/or low-TDS 
groundwater zone storage depletion as a result of groundwater extraction in the MGSA Area.  As 
discussed in Chapter 6, if the data indicate that undesirable results may occur as a result of these 
groundwater extractions, then MGSA will implement a series of escalating management actions using its 
powers and authorities in SGMA.  The management actions for the Seawater Intrusion and Groundwater 
Quality Degradation sustainability indicators are described in Chapter 6 and include the following three 
general phases: (1) Detection Monitoring; (2) Investigation, Verification and Hydrogeologic Conceptual 
Model Update; and (3) Characterization, Action Planning and Implementation.  For GDEs, the following 
three phases apply: (1) Detection Monitoring; (2) Biological Investigation and Verification; and (3) Action 
Planning and Implementation.  The progression between each phase is set by a sequence of objective 
decision triggers which are described in detail in Chapter 6.   

7.2 ESTIMATE OF GSP IMPLEMENTATION COSTS 
Regulation Requirements:  
§ 354.6. Agency Information  

When submitting an adopted Plan to the Department, the Agency shall include a copy of the information provided 
pursuant to Water Code Section 10723.8, with any updates, if necessary, along with the following information: 

 (e) An estimate of the cost of implementing the Plan and a general description of how the Agency plans to meet those costs. 
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The estimated costs for the initial five years of GSP implementation are summarized in Table 7-1.  These 
costs are estimates and will likely change in the future as more data becomes available.  A 10% 
contingency has been added to the implementation costs since these costs are estimates.  The overall 
estimated cost for MGSA for the first five years of implementation is $1,100,000 with an average annual 
cost of $220,000.  The following assumptions have been incorporated into this estimate: 

• Collection of groundwater elevation and quality data for the existing monitoring well network 
will be borne by MCWRA and is therefore not included in the GSP implementation costs; 
however, a line item for consultation and data management support by MCWRA is included.   

• Performance of the baseline biological assessment and annual biological monitoring will be 
funded through MGSA. 

• Analysis of monitoring data and uploading the data to the DMS will be funded through MGSA.   

• Expansion of the monitoring well network by adding five cluster monitoring wells will be funded 
by MCWRA.   

• Any additional future expansion of the monitoring well network in the area surrounding 
MCWD’s service system will be funded by MCWD GSA.  Investigation, characterization and 
expanded monitoring of the Deep Aquifer is expected to be performed collaboratively by MCWD 
GSA, SVBGSA and at their expense.  A line item for MGSA collaboration with these activities is 
included in the budget. 

• Annual reporting, a GSP Addendum Report (if needed), and the 5 Year Update Report will be 
funded through MGSA.   

• Communication and Outreach will be funded through MGSA.   

• The MGSA will attend coordination meetings with SVBGSA and MCWD GSA to sustainably 
manage the 180/400 Foot Aquifer Subbasin.  MGSA participation in this activity will be funded 
through MGSA. 

• If monitoring data indicate that seawater intrusion, water quality degradation, storage depletion 
or GDE impacts likely are occurring, then MGSA will implement the management actions 
described in Section 7.1.6 and Chapter 6.  Initial funding for this oversight will be provided 
through MGSA; however, direct funding by the responsible groundwater extractors within the 
MGSA may be implemented.   

As initial GSP implementation proceeds, MGSA will evaluate funding mechanisms, application of fees, 
and fee criteria.  MGSA will implement an assessment to establish equitable contributions from 
groundwater extraction fees in the MGSA Area as authorized by SGMA in order to cover MGSA’s 
expenses.  MGSA will also evaluate potential funding from state and federal grant sources to support 
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GSP implementation.  Appropriate grant funding sources will be pursued collaboratively with MCWD 
GSA, SVBGSA, MCWRA and others to fill data gaps and support the implementation of projects and 
management actions.   

7.3 SCHEDULE FOR IMPLEMENTATION  
Regulation Requirements: 
§ 350.4. General Principles  

Consistent with the State’s interest in groundwater sustainability through local management, the following general 
principles shall guide the Department in the implementation of these regulations. 

(f) A Plan will be evaluated, and its implementation assessed, consistent with the objective that a basin be sustainably managed 
within 20 years of Plan implementation without adversely affecting the ability of an adjacent basin to implement its Plan 
or achieve and maintain its sustainability goal over the planning and implementation horizon. 

 
Figure 7-1 provides a summary of the schedule for the first five years of GSP implementation.  The 
schedule includes the principal implementation activities described in Section 7.1, which are monitoring, 
reporting, communication and outreach, data management, addressing data gaps, and management 
actions.  Many of these categories consist of ongoing activities that will be conducted throughout the 
GSP implementation.  Annual reports will be submitted to DWR by April 1st of each year, starting in 
2021.  Periodic reports will be submitted to DWR by April 1st at least every 5 years or following major 
GSP amendments.    
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TABLE 7-1.  MGSA GSP IMPLEMENTATION COSTS FOR THE FIRST FIVE YEARS 

Activity Estimated Cost Cost Unit Assumptions 

Consultation and Data Management 
Support provided by MCWRA  

$17,000 Annual Annual data and technical support from MCWRA  

Data Analysis-Monitoring 
Groundwater Elevations, 
Groundwater Quality, and Seawater 
Intrusion 

$15,000  Annual Reviewing data from MCWRA and other pertinent 
sources 

Baseline Biological Assessment $50,000 One-Time 
Lump Sum 

Biological assessment and documentation of 
existing GDE conditions and development of a 
monitoring plan 

Biological Monitoring $10,000 Annual Annual surveys of GDEs 

Data Management $8,000  Annual Updating database with new monitoring data 

Annual Reporting $20,000  Annual Preparing annual reports starting in 2021. 

2 Year Addendum Report/Local 
Model development $100,000  One-Time 

Lump Sum 

Assumes SVBGSA will be submitting an addendum 
report based on review of the USGS groundwater 
model.  MGSA to coordinate with SVBGSA and 
MCWD GSA on model review and significant 
outcome. Assumes need for local dual density 
model developed primarily by MCWD in 
cooperation with MGSA. 

Supplemental Monitoring Wells and 
Deep Aquifer Investigations $20,000  One-Time 

Lump Sum 

MGSA will coordinate with MCWRA, SVBGSA and/or 
MCWD GSA as appropriate on the installation of 
additional monitoring wells to augment potential 
MPWSP wells, and/or investigate the Deep Aquifer 

5 Year Update Report $80,000  One-Time 
Lump Sum Preparing 5-year GSP update 

Outreach and Education $10,000  Annual Tasks related to City’s outreach regarding GSP 
implementation progress 

Coordination Meetings with SVBGSA 
and MCWD $12,000  Annual 

Based on monthly meetings the first year ($20,000) 
and then quarterly meetings subsequent years 
($10,000) 

Coordination of Required 
Management Actions $50,000  Annual This is an order of magnitude estimate; There is no 

conceptual engineering at this point. 

Fee Assessment $30,000  One-Time 
Lump Sum 

Rate study to establish equitable contribution for 
groundwater extraction fees in MGSA Area 

Total Annual Costs (5 Years) $720,000   

Total One-Time Costs $280,000   

Contingency (10%) $100,000   Since costs are preliminary estimates 

Total (First Five Years) $1,100,000     

Average Annual Costs for Five Years $220,000     

 



\\s
a\m

\M
ari

na
\G

IS\
Fo

rm
ati

on
La

ye
rs\

MX
D\

Ch
ap

ter
7\F

ig7
-01

_G
SP

_5
YR

Sc
he

du
le.

mx
d

DATE: DEC 20, 2019

Groundwater Sustainability Plan for the City of Marina GSA Area of the 180/400 Foot Aquifer Subbasin

FIGURE 7-1
GSP Implementation Schedule for First Five Years
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ANNEXATION AGREEMENT AND GROUNDWATER MITIGATION FRAMEWORK
FOR

MARINA AREA LANDS

EXECUTIVE SUMMARY

PURPOSE--Groundwater Planning.
provides for annexing lands in the Marina area to MCWRA Zones 2 
and 2A, the benefit assessment zones for the Nacimiento and San 
Antonio reservoirs.
groundwater mitigation framework process for the lands to be 
annexed, and provides money from the Marina area for Basin 
management planning.

This Agreement and Framework

The Agreement and Framework establishes a

ANNEXATION TO ZONES 2 AND 2A--MCWD. Armstrong. Lonestar. 
Annexation proceeds under section 7 of the MCWRA Act for lands 
within the service area of MCWD, and lands owned by Armstrong and 
Lonestar.
immediately upon approval by the MCWRA Board of Supervisors. The 
Armstrong Ranch annexation will be effective when LAFCO approves 
concurrent annexation to MCWD and the City of Marina on 
conditions satisfactory to Armstrong (including recordation of a

The Lonestar annexation will take effect

Annexation of the MCWD service area was effective

final subdivision map). 
when the Lonestar Property is annexed to MCWD. (

Annexation Fees—more than $3,500.000. Annexation fees are 
based on $277/acre of land annexed, and $783/af of water to be 
used. The fee for land on which water is not used is 
$27.70/acre. The fee for agricultural water is $26l/af. 
Annexation fees total more than $3,500,000, plus interest, as 
follows:

Fees for MCWD are $2,449,410, based on 1,750 acres @ 
$277/ac. and 3,020 afy of water @ $783/af, and a credit of 
$400,000 already paid by MCWD for groundwater management 
planning.

Fees for Armstrong will be about $970,000 for Area A 
(urban), based on 900 acres @ $277/ac. and 900 afy @ $783/af, and 
an amount subject to final determination upon actual annexation 
for Area B (irrigated and unirrigated agriculture). If the 
annexation of the Armstrong Ranch occurs more than seven years 
after MCWRA approves the Annexation Agreement, Armstrong will pay 
the then-current annexation fees.
on Area B of the Armstrong Ranch changes, Armstrong will pay an 
additional 2/3 of the then-current water charge portion of the 
annexation fee, and if water is used on any area annexed as 
unirrigated, Armstrong will pay an additional 9/10 of the then 
current land charge.

If the agricultural water use



Fees for Lonestar will be $166,621, based on 104 acres 
using water @ $277/ac., and 264 acres of unirrigated, vacant land 
@ $27.70/ac., and 500 afy of water with quality below 
agricultural standards @ $261/af. If Lonestar's use changes to a 
potable use, or if Lonestar is supplied water from the MCWD or 
has water available from the BMP, or if Lonestar uses water on 
the open-space area, Lonestar will pay the other two-thirds of 
the water charge.

Payments for MCWD, Armstrong and Lonestar may be in a 
lump Siam, or in installments over 10 years from the date of 
annexation, with 6% annual interest.

Annexation fees will be dedicated to paying costs of a 
BMP process that includes benefits for the Marina Area, and for 
management and protection of the deep aquifer.

After annexation, Marina area lands 
will pay annual assessments for MCWRA Zones 2, 2A and 2Z.

Annual Assessments.

GROUNDWATER LIMITS—4,440 AFY

Pumping Limits. Under the Agreement and Framework, the 
present MCWD service area is limited to 3020 afy of potable 
groundwater. Non-agricultural use of Basin groundwater on the 
Armstrong Ranch is limited to 920 afy, 20 afy when the Agreement 
and Framework becomes effective, an additional 150 afy upon 
annexation, and additional increments of 150 afy every two years 
thereafter. Groundwater underlying approximately 730 acres of 
the Armstrong Ranch is limited to agricultural use, except that 
20 afy can be used for potable uses, and water from that area can 
also be used at the regional treatment plant. Lonestar will 
limit its pumping to its current use of 500 afy.

Reclaimed Water Management. MCWD has the right to receive 
tertiary treated water from the SVRP plant. MCWD will defer 
taking summer flows of more than 300 afy (all summer flows if a 
reservoir is built). MCWD will take its entitlement over 300 afy 
from winter flows, and plan to store the water for use in the 
summer. MCWD will pay MCWRA for each acre-foot of reclaimed 
water received from the SVRP, with the price determined each year 
by a formula.

Water Storage Site. Armstrong will reserve not more than 
250 acres of land for the MCWD for a possible water storage site, 
subject to planning and CEQA compliance. Armstrong will donate 
the land over about 12 years, as Armstrong's entitlement to 
potable groundwater use increases in 150 afy increments, or MCWD 
can acquire land as needed by paying $25,000 per acre (which can 
be recovered in Armstrong's fees to annex land to MCWD). MCWD, 
MCWRA, the City of Marina (and MRWPCA, if it signs the Addendum) 
agree not to take any more land on the Armstrong Ranch, except 
for specified, limited purposes. Armstrong has reserved well



sites to irrigate Area B and to provide water for MRWPCA's 
regional treatment plant.

Alternate Water Supplies—300 afv of new water.

MCWRA's BMP planning will include consideration 
of the Marina area for a Basin alternative to groundwater pumping 
in the Marina area.

BMP.

MCWP. MCWD will continue to plan for new water 
supplies, such as wastewater reclamation and desalination, to 
replace and supplement groundwater pumping.

Deep Acruifer Management. MCWRA and MCWD will manage the 
900' aquifer to protect and preserve it and to sustain a secure 
water supply source for MCWD*

Water Source for Fort Ord.______________ MCWD's deep wells may be used to
provide up to 1400 afy of water already allocated to Fort Ord as 
part of the Fort Ord annexation to Zones 2 and 2A.

MCWD's aggressive water conservation 
program will continue in the Marina area.
CONSERVATION.

The MCWRA will not impose greater restrictionsEQUAL TREATMENT.
on the Marina area's water use from the Basin than are imposed on 
water use or supply for use within the City of Salinas.

MRWPCA ADDENDUM.
Framework as Exhibit "G" would provide for MRWPCA to join the 
Agreement and Framework on terms which would include possible 
acquisition of a buffer zone for the Regional Treatment Plant, 
and agreement to the other terms of the Agreement and Framework.

—oOo-

The Addendum attached to the Agreement and
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] REEL 3404-page 750
1 ANNEXATION AGREEMENT AND GROUNDWATER MITIGATION FRAMEWORK

FOR
MARINA AREA LANDS

]
Management and Protection of Salinas River Groundwater
Basin; Annexation of Marina Area Lands To Zones 2 and 2A
of the Monterey County Water Resources Agency

SUBJECT:

]
] PURPOSE AND AUTHORITY.1.

Purpose. The purpose of this Agreement and 
Framework is to help reduce seawater intrusion and protect the 
groundwater resource and preserve the environment of the Salinas 
River Groundwater Basin through voluntary commitments by the 
Parties to limit, conserve and manage the use of groundwater from 
the Salinas River groundwater basin, and to provide the terms and 
conditions for the annexation of certain territory in the Marina 
area to the Monterey County Water Resources Agency's benefit 
assessment Zones 2 and 2A as a financing mechanism providing 
additional revenues to the Monterey County Water Resources Agency 
to manage and protect the groundwater resource in the Salinas River 
Groundwater Basin and to reduce seawater intrusion.

1.1.

]
]

] Authority. This Agreement and Framework is 
entered into under the authority of the Agency Act, the California 
Water Code, and the California Government Code.

1.2.

2. DEFINITIONS AND DESIGNATIONS. The following definitions 
and designations apply to this Agreement and Framework:

Parties.2.1.

Marina Coast Water District ("MCWD") . A 
political subdivision of the State of California, located in 
Monterey County, governed by MCWD's Board of Directors.

2.1.1.

Monterey County Water Resources Agency 
A water and flood control agency created by the State 

of California, with jurisdiction coextensive with Monterey County, 
governed by the Monterey County Water Resources Agency Board of 
Supervisors.

2.1.2.
("MCWRA") .

J. G. Armstrong Family Members 
The owners of the Armstrong Ranch in the Marina
2.1.3.

('"Armstrong11) . 
area of Monterey County.

A California
general partnership and owner of the Lonestar property in the 
Marina area of Monterey County.

2.1.4. RMC Lonestar ("Lonestar").

1124(X)\0O4\4D-MOA34.026:022096/34
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1
reel 3404pase 751I City of Marina ("City"). An incorporated 

municipality within Monterey County, organized and operating under 
the laws of the State of California, governed by its City Council.

2.1.5.

3 2.2. AFY. Acre-feet per year.

2.3. Agency Act. MCWRA's enabling legislation adopted 
by Chapter 1159 of the Statutes of 1990, and Chapter 1130 of the 
Statutes of 1991, set forth in full in West's California Water Code 
Appendix, Chapter 52.

3
I 2.4. Armstrong Ranch.( „ About 1850 acres of land x n the

Marina area, as shown on Exhibit "C," about 322 acres of which is 
within the City of Marina, plus an additional 150 acres not shown 
on Exhibit "C" which is already in the Zones.3

Basin.2.5, The Salinas River Groundwater Basin.I 2.6. BMP. The MCWRA's Basin Management Plan for the 
Salinas River Groundwater Basin.

3 The California Environmental Quality Act, 
Public Resources Code sections 21000 and following.

The Castroville Seawater Intrusion Project, 
a distribution system project already approved and being 
implemented by MCWRA to provide reclaimed water for irrigation in 
the Castroville Area of Monterey County.

Effective Date. Subject to paragraph 4, this 
Agreement and Framework shall be fully effective when executed by 
all the Parties,

2-7. CEOA.

3 2.8. CSIP.

1
i

2.9.1
2.10. Exhibits.3 "A" The general geographic relationship of 

MCWD, Armstrong and Lonestar to the Basin and to the Zones is shown 
on the diagram attached to this Agreement and Framework as 
Exhibit "A."3

"B" MCWD service area to be annexed1
J "C" Armstrong Ranch land to be annexed

"D" Lonestar property to be annexed1 "E" Calculation of Incremental Cost for 
Tertiary Treated Water3 II JTH Armstrong Areas Reserved For Transfer to 
MCWD

3 "G" MRWPCA Addendum

3
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2.11. FEIR. The Final Environmental Impact Report for 
the Salinas Valley Seawater Intrusion Program (February 1992) .

2.12. Fort Ord.
former Fort Ord Military Reservation.

The land within the boundaries of the

2.13. A parcel containing about 
400 acres of land in the Marina area, as shown on Exhibit "D."

Lonestar Property.

Marina Area. Lands served by, adjacent to, or 
within the sphere of influence of MCWD.

2.14.

2.15. MCWD Water Plans. The Urban Water Master Plan and 
the Urban Water Shortage Contingency Plan adopted by MCWD.

2.16.
No. A-6078, "Agreement Between The Monterey County Water Resources 
Agency And The Monterey Regional Water Pollution Control Agency For 
Construction And Operation Of A Tertiary Treatment System," dated 
for reference purposes June 16, 1992, as amended on or before 
December 1, 1995.

MCWRA/MRWPCA Agreement. Monterey County Agreement

2.17. Mitigation Plan. A plan for a potable water 
supply capable of mitigating the effects of seawater intrusion and 
providing a long-term potable water supply to MCWD's distribution 
system.

Mitigation Plan Implementation.2.18. The Mitigation
Plan shall be considered "implemented" upon the delivery of potable 
water to MCWD's distribution system from a completed, long-term, 
potable water supply system, after system testing has been 
successfully completed.

This Annexation 
Agreement and Groundwater Framework for Marina Area Lands.

2.19. Agreement and Framework.

Monterey Regional Water Pollution Control Agency
A joint powers authority providing sewage treatment

2.20.
r"MRWPCA»n .
service to its member entities in Northern Monterey County, 
governed by its Board of Directors.

2.21. MRWPCA Annexation Agreement. "Annexation 
Agreement Between The Marina County Water District And The Monterey 
Regional Water Pollution Control Agency," dated April 25, 1989, as 
amended on or before December 1, 1995.

2.22. 1990 Agreement. Monterey County Agreement 
No. A-5471, "Preliminary Agreement Between United States of 
America, Marina Coast Water District, and Monterey County Flood 
Control and Water Conservation District," dated July 12, 1990.

2.23. SVRP. The Salinas Valley Reclamation Project, a 
project already approved and being implemented by MCWPA, in

312400\004\4[>-MOA34.026:022096/34



cooperation with MRWPCA, to reclaim water at the MRWPCA' 
reatment plant, for irrigation through the CSIP.

2.24.

s regional

zones of Zones 2 and 2A of the MCWRA, which are theL?on?o rfser“LsfSeSSment f°r ^ MCWRA'S Naci“ient° «"»

enfovoH . E&.C.TS AND CIRCUMSTANCES. This Agreement and Framework is 
tered into with regard to the following facts and circumstances

to zones MCW?A has approved fourteen other annexations
anneSert u since Like other areas which have been
Basif ha?hinrf' area lawithin the Salinas River Groundwater 

? been using groundwater for many years, and has strong
9 V a r ^ights* Since the Fort Ord annexation in
M*ri?a area ls surrounded on three sides by Zones 2 and 2A, and by Monterey Bay to the west. na

MCWRA agreed in the 1990 Agreement to " 
a”d an«exing MCWD to Zones z and 2A. MCWD has worked for
about thirteen years with the MCWRA on plans for a reliable Iona- 
term water supply for the northern Basin area, including th4 Ma?ina 
area and Fort Ord. MCWD's participation has included payment of 
money to assist the planning effort. As part of the 1990 
Agreement, MCWD paid for survey and planning work for the lona-term
?dnnrnnnPPlmv,eff0ri‘ Sums paid by MCWD to MCWRA total over 
Mitigation PIan whlch MCWD Paid wil1 be useful for the

3.
:

3.2. encourage

3 *3 * . MCWD, City, Armstrong and Lonestar claim the riaht
wSSUSdvater £r°m the Basin' to the ful1 extent provided b?

law. MCWD takes water from wells owned and operated by MCWD andY 
drilled into the "180-foot", "400-foot" and "900-foot" aguife“ in 
the Basin. About ninety-eight percent of potable water used 
currently by MCWD comes from the 900-foot aquifer. MCWD's current 
maximum pumping capacity is 5,800 gpm (9,350 afy) of potable water 
and 1,100 gpm (1,770 afy) of other usable water. Allowing for 
routine maintenance and providing a contingency factor for 
emergency shutdown, MCWD's current estimated operational pumoina 
capacity for potable water is 3900 gpm (6,000 afy). P P g

.3.4. MCWu agreed in writing in 1988 to cooperate with 
be in Providmg water service to the Lonestar property and

the Armstrong Ranch. A coordinated and centralized water 
for the Marina Area in furtherance of that 
facilitate management and protection of the 
the Marina Area.

supply
1988 agreement will 

. groundwater resource in
Armstrong claims the right and ability to 

less than 920 afy of potable water from the Basin to provide 
P°£abl! water.service to the Armstrong Ranch, and the right to use 
water for agricultural purposes. MCWD currently supplies some 
water to.the Armstrong Ranch. The Armstrong Ranch will need 
reclaimed water for golf course purposes, park purposes and such 
other general uses as may be required by any agency having

use not
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The Lonestar propertyjurisdiction as a condition of development, 
currently uses about 500 afy of groundwater from the Basin.

3.5. The MCWD Water Plans are based on a total need 
within MCWD's current boundaries of 3,020 afy of water for potable

and about 280 afy additional water suitable for irrigation, 
and on additional projected need by the rest of the Marina area as 
specified in the MCWD Water Plans.

3.6. MCWRA has previously annexed Fort Ord into Zones 2 
and 2A. The September 1993 Agreement for that annexation provides 
that until implementation of a project to provide a substitute 
supply, a maximum of 6,600 afy may be withdrawn from the Basin for 
use on Fort Ord lands, provided no more than 5,200 afy are 
withdrawn from the 180-foot aquifer and 400-foot aquifer. The USA 
received a credit against annexation fees for about $400,000 paid 
under the 1990 Agreement.

3.7. Pursuant to paragraph 12 of the MRWPCA Annexation 
Agreement, MCWD has the right to obtain from the MRWPCA, at the 
regional treatment plant, treated wastewater for reuse by the MCWD 
in quantities equal to the volume of MCWD wastewater treated by 
MRWPCA and such additional quantities as from time to time are not 
committed to any other users for beneficial use. 
such treated wastewater will be the MRWPCA's incremental cost over 
secondary treatment, to meet applicable local, state and federal 
requirements for water reuse.

3.8. The MCWRA/MRWPCA Agreement provides that the SVRP 
shall be designed and built for tertiary treatment of wastewater to 
be used for irrigation through the CSIP. That Agreement also 
mentions possible future interties with other agencies. The 
MCWRA/MRWPCA Agreement commits flows of wastewater to the CSIP as 
provided in Article IV and Exhibit C of that Agreement, excepting 
flows taken by MCWD pursuant to the MRWPCA Annexation Agreement.

4. REQUEST FOR ANNEXATION.

4.1. Request bv MCWD. Armstrong, and Lonestar.
Execution of this Agreement and Framework shall be deemed to be a 
formal and joint request by the signatories that the MCWRA's Board 
of Supervisors exercise their authority under section 7 of the 
Agency Act (West's California Water Code App. § 52-7) to annex to 
the Zones the lands described in Exhibits "B", "C" and "D" to this 
Agreement and Framework, on the terms and conditions of this 
Agreement and Framework as executed by the requesting signatories. 
No other terms or conditions shall apply to any annexation under 
this Agreement and Framework without the written agreement of all 
the Parties affected by the change.

4.2. Request bv MCWD. MCWD is requesting immediate 
annexation of all the lands described in Exhibit "B." The lands to 
be annexed include the land which contains Olson School and the 
Methodist Church.

uses

MCWD's cost for

\
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4,3.. Reqftiest__by Armstrong. Armstrong is requesting
ennexetxon of its land described in Exhibit "c", which annexation 
wouid take effect as provided in paragraph 6.2 of this Agreement 
and Framework.

4.4.. Bequest by Lonestar. Lonestar is requesting
immediate annexation of its land described in Exhibit "D", which 
annexation would take effect as provided in paragraph 7.3. of this 
Agreement and Framework.

4.5. Effect of Request. Other than to serve as a 
formal annexation request pursuant to section 7 of the Agency Act. 
this Agreement and Framework shall have no effect until its 
execution by the MCWRA.

TERMS AND CONDITIONS—MCWn.5.

5.1. Quantity limitations on MCWD's groundwaterpumping.

5.1.1. Commencing on the effective date of this 
Agreement and Framework and continuing until Mitigation Plan 
Implementation, MCWD will limit its withdrawal of potable 
groundwater from the Basin for land in the Marina area and outside 
the former Fort Ord Military Reservation to 3,020 afy of potable 
groundwater, and only such additional quantities as are permitted 
by this paragraph 5.1. MCWRA's groundwater resource planning for 
the existing MCWD service area wii l hacor? r%r» i
information and .projections oontai^ed'i^ thl Scwd Waie^lLns 
using 3,020 afy as a planning guideline for potable water use.

5,1,1.1.. ... . After compliance with all applicable
requirements or law, including but not limited to CEQA, 
improve the interconnection between the MCWD water system and the 
water system serving Fort Ord, to provide for joint, conjunctive 
and concurrent use of all system facilities to serve Fort Ord and 
other areas served by MCWD, and the other Parties will cooperate on 
MCWD's increased withdrawal of potable groundwater by up to l 400 
afy from the.900-foot aquifer to enable the increased withdrawals 
from 5200 afv to 6600 afy for use on Fort Ord, as provided in 
paragraph 4.c. of the September 1993 Agreement between The United 
States of America and the MCWRA.

5.1.1.2.

MCWD may

If the Armstrong property has been 
annexed to the Zones, the other Parties will cooperate on MCWD's 
increased withdrawal of up to 920 afy from the Basin, on the 
condition that such withdrawals shall be used only to provide 
to the Armstrong Ranch and, to the extent that such water is 
requested and accepted by Armstrong, such use shall in its entirety 
be applied to the satisfaction of Armstrong's entitlement under 
paragraph 6.9. of this Agreement and Framework.

If the Lonestar property has been 
annexed to the Zones, the other Parties will cooperate on MCWD's

water

5.1.1.3.
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increased withdrawal of up to 500 afy from the Basin, on the 
condition that such withdrawals shall be used only to provide water 
to the Lonestar property, and, to the extent that such water is 
requested and accepted by Lonestar, such use shall in its entirety 
be applied to the satisfaction of Lonestar's entitlement under 
paragraph 7.2. of this Agreement and Framework.

Conditioned upon MCWRA's compliance with 
5.3., 5.5, 5.7, 8.1, 8.2 and 8.3, after

5.1.2.
paragraphs 5.1, 5.2,
Mitigation Plan Implementation, MCWD will be governed by such 
limitations on the withdrawal of water from the Basin as shall be 
included in the terms of the Mitigation Plan.

No objection bv MCWRA to MCWD withdrawals except 
pursuant to section 22 of Agency Act. The MCWRA shall not object 
to any withdrawal by MCWD which is mentioned in section 5.1 above, 
except in compliance with section 22 of the Agency Act. All 
groundwater withdrawn from the Basin by MCWD may be used only 
within the Basin.

5.2.

Management of 900-foot aquifer. The Parties agree 
that the "900-foot" aquifer should be managed to provide safe, 
sustained use of the water resource, and to preserve to MCWD the 
continued availability of water from the "900-foot" aquifer. The 
Parties will work to include in a Mitigation Plan the concept that 
water from the Mitigation Plan which costs less than the cost of 
desalinated water should be the primary source of potable water for 
the lands described in Exhibits "B", "C", and "D", and wells in the 
"900-foot" aquifer should be a secondary source, if seawater 
intrusion is shown to be affecting the "900-foot" aquifer by 
credible scientific evidence. The Parties will also work together 
on measures to protect the "900-foot" aquifer.

5.3.

Compliance with CEOA and other applicable laws.5.4.
MCWD's participation in the Mitigation Plan or any other 
alternative water supply plan is subject to compliance with all 
applicable laws, including but not limited to CEQA, and to review 
and approval by the MCWD.

MCWD development of alternative water supplies.5.5.
MCWRA agrees that it is appropriate for MCWD to plan for and 
develop any new water supplies, including but not limited to 
wastewater reclamation and desalination,-that help to meet MCWD's 
needs, except that the MCWRA believes that the unilateral 
development of water by MCWD would not be appropriate from any of 
the following sources: the 180-foot and 400-foot confined aquifers 
in the Pressure Area of the Salinas Valley Groundwater Basin, the 
unconfined aquifer in the three other areas in the Salinas Valley 
Groundwater Basin (East side, Forebay, and Upper Valley), and the 
Salinas River and its tributaries.

MCWD payment to MCWRA for tertiary treated water. 
In satisfaction of paragraph 12 of the MRWPCA Annexation Agreement, 
MCWD will pay to MCWRA the incremental cost over secondary

5.6.
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treatment to receive tertiary treated water from MRWPCA's planned 
tertiary treatment facilities at its regional treatment plant. 
Parties agree that this cost shall be calculated 
Exhibit "E" to this Agreement and Framework.

MCWPright to receive tertiary treated water from

The
as set forth on

5.7.
MRWPCA plant.

5.7.1. Pursuant to the MRWPCA Annexation 
Agreement, on or after the date of first delivery of water from the 
CSIP and upon compliance with all then-applicable requirements of 
law, including but not limited to CEQA, MCWD shall have the right 
to receive tertiary treated water from the tertiary treatment plant 
constructed and maintained pursuant to the SVRP, as provided 
herein.

5.7.2., , The CSIP requires maximum available
reclaimed water flows from the SVRP during the months of April 
through September to replace historically high uses of groundwater 
during those months, and to thereby maximize environmental 
benefits. Accordingly, during the months of April through 
September, MCWD agrees to defer taking any water over 300 afy it is 
entitled to take from the tertiary treatment plant under the MRWPCA 
Annexation Agreement. MCWD will also defer taking the first 300 
afy of such flows to which it is entitled, if and after MCWD 
constructs a reservoir to store replacement winter flows.

During the months of October through 
March, MCWD may take the full amount of the reclaimed water to 
which it would, under the MRWPCA Annexation Agreement, have first 
priority during those months, together with an amount of water 
equal to the amount deferred during the immediately preceding 
months of April through September under paragraph 5.7.2. above 
MCWD will take the deferred amount in equal or approximately equal 
monthly portions spread throughout the October-March period 
otherwise agreed in writing by the MCWD and the MCWRA. '

5.7.3.

or as

5.7.4., . If MCWD's ability to supply reclaimed
water is interrupted for any reason, MCWD and MCWRA will act 
[jointly and diligently, together and with MRWPCA, to mitigate 
possible damage to users of such flows, including possible interim 
use of MCWD*s wells to provide a substitute source'of water.

5.8. Effect,iye_date.of annexation. The annexation to
Zones 2 and 2A of the MCWD lands described in Exhibit "B" shall 
take effect immediately upon approval of the annexation by the 
MCWRA Board of Supervisors on the terms of this Agreement and 
Framework, or, if the annexation is approved by ordinance, then 
thirty (30) days after adoption of an ordinance approving the terms 
of this Agreement and Framework.
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Annexation fee.5.9.

5.9.1. Amount of MCWD annexation fee. To annex 
all the land described in Exhibit "BM to the Zones, MCWD shall pay 
to MCWRA an annexation fee in the amount of Two Million Eight 
Hundred Forty-Nine Thousand Four Hundred and Ten Dollars 
($2,849,410.00) (based on 1750 acres in the MCWD service area and 
water extraction use of 3020 afy). MCWD shall pay this amount, 
subject to any adjustments hereinafter described, in semi-annual 
installments as provided in paragraph 5.9.3. below. By giving 
written notice to MCWRA on or before May 1, 1997, MCWD may elect to 
pay the annexation fee in full, without interest, in one lump sum 
on or before July 1, 1997.

5.9.2. Credit. MCWD shall have a credit of 
$400,000 against the annexation fee, based on the 1990 Agreement 
and the similar credit previously given to the U.S.A. on the 
annexation of Fort Ord to the Zones.

Payment of annexation fee. MCWD shall pay5.9.3.
its annexation fee as follows:

5.9.3.1. From the total amount of the 
annexation fee, subtract the credit of $400,000, to determine the 
"net annexation fee." MCWD may elect to pay the net annexation fee 
in one lump sum, as provided in paragraph 5.9.1, or may pay in 
installments as provided below. If MCWD elects to pay in one lump 
sum, any late payment shall bear interest at the annual rate of 6% 
from the due date and shall be subject to the same penalties and 
collections procedures as are set forth in paragraph 6.7. of this 
Agreement and Framework.

5.9.3.2. MCWD may pay in twenty semi-annual 
installments, beginning in the fiscal year commencing on July 1, 
1997, with interest at the annual rate of six percent (6%) on the 
unpaid principal balance accruing from July 1, 1997, and with semi­
annual payments due on November 1 and February land delinquent on 
December 10 and April 10 each fiscal year. The interest included 
in payments consisting of both principal and interest shall be 
calculated as though the installment were paid on the last day 
before delinquency, even if the installment is paid in advance of 
that date. The total amount of each installment paid on the net 
annexation fee shall be sufficient to amortize the full amount of 
principal and interest in twenty (20) equal semi-annual 
installments. There shall be no pre-payment penalty.

MCWD use of revenues prior to full payment of
Until MCWD pays or receives credit for the entire

5.10.
annexation fee.
annexation fee and all accrued interest on the fee, all revenue 
received by MCWD from the lands annexed to the Zones pursuant to 
this Agreement and Framework for or in connection with providing 
water and sewer service to the lands shall be used only for 
activities and functions duly performed by MCWD in connection with
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providing water and sewer service, including, but not limited to, 
the payments required under this Agreement and Framework.

TERMS AND CONDITIONS-—ARMSTRONG.

6.1.

6.

Ranch Areas. Annexation of the Armstrong Ranch to 
the Zones contemplates two general areas of the Ranch, which are 
designated for convenience "Area A" and "Area B." Area A consists 
of about 900 acres which is expected to be developed for urban

Area B consists of about 950 acres, a portion of which is 
expected to be used for irrigated agriculture, and about 220 acres 
of which is expected to be given to MCWD to store treated water.
For purposes of determining assessments, standby charges and the 
like, the initial classification of the land within Area B will be 
determined at the time of annexation.

uses.

6.2. Effective Date of Annexation. Approval of this 
Agreement and Framework by the MCWRA Board of Supervisors shall 
constitute approval for annexation of the Armstrong Ranch to the 
Zones at the time and on conditions approved by LAFCO and 
satisfactory to Armstrong for concurrent annexation of the 
Armstrong Ranch to MCWD and the City of Marina, including 
recordation of a final subdivision map upon conditions satisfactory 
to Armstrong.

Participation by Armstrong in MCWD water sources. 
Subject to compliance with all then-applicable requirements of law, 
including but not limited to CEQA, Armstrong Ranch shall be 
entitled at all times to participate on an equitable basis with 
MCWD in potable water sources developed by MCWD pursuant to 
paragraph 5.5. of this Agreement and Framework, in which event the 
limitations concerning the use of water on the Armstrong Ranch, as 
set forth in paragraph 6.9. shall not be applicable to using 
potable water developed pursuant to paragraph 5.5.

6.3.

Prerequisites to annexation to MCWD and the City 
Any application to LAFCO for annexation of

6.4.
of Marina. any
Armstrong Ranch property to either MCWD or the City of Marina shall 
be concurrently submitted by the City and MCWD, and shall provide 
that such property to be annexed shall be within the boundaries of 
both MCWD and the City of Marina.

Annexation fee.6.5.

When the Armstrong Ranch has been annexed 
to the Zones, Armstrong will pay to MCWRA an annexation fee 
computed as the sum of

6.5.1.

6.5.1.1. the product of multiplying the number 
of acres annexed by $277/acre for land intended for urban or 
irrigated use and $27.70/acre for land intended for grazing, dry 
land farming or other unirrigated use, and
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the product of multiplying the number6.5.1.2 .
of afy of water from the Basin or the Mitigation Plan allocated to 
the annexed land by $783/af for potable water intended for urban 
use and $261/af for water intended for agricultural use. 
charge shall not be applicable to any water from a source other 
than the Salinas Valley Groundwater Basin or the Salinas River and 
its tributaries.

Such

Fees for Armstrong are estimated to be 
about $969,660 for Area A, based on 900 acres @ $277/ac. and 920 
afy § $783/af, and an amount subject to final determination upon 
actual annexation for Area B. For example, based on 250 irrigated 
acres § $277/ac., 700 unirrigated acres § $27.70/ac., and 650 afy 
of water § $261/af, the annexation fees for Area B would be about 
$258,000.

6.5.2.

If annexation of the Armstrong Ranch 
occurs more than seven years after MCWRA approves this Agreement 
and Framework, Armstrong shall pay the then-current annexation 
fees, instead of the fees set forth in paragraph 6.5.1 above.

6.5.3.

Armstrong may elect to pay the annexation 
fee in a lump sum as provided in paragraph 6.6 below, or may pay 
the annexation fee in installments as provided in paragraph 6.7 
below.

6.5.4.

There shall be no prepayment penalty.

6.5.5. If the agricultural water use on Area B is 
changed to a potable or industrial use, then Armstrong shall pay to 
the MCWRA as an additional annexation fee, an additional water 
charge computed as two-thirds (2/3rds) of the product of the number 
of afy changed multiplied by the then-current annexation water 
charge. If Armstrong uses water on any part of the Armstrong Ranch 
which is initially annexed as land for unirrigated use, Armstrong 
shall pay an additional land fee of nine times the land fee 
specified for such land in 6.5.1.1 above. The additional water 
charge or land fee will be paid either in one lump sum, due and 
payable on the July 1 immediately following the change in water 
use, or in twenty (20) equal semi-annual installments over ten (10) 
years, with the payment period and interest accrual beginning on 
that July 1, in the same manner as prescribed for Armstrong's 
original annexation fee and subject to the same rules.

Payment of annexation fee in lump sum.6.6.
a lump sum, the annexation fee shall be due and payable in full on 
July 1, next succeeding the first March 1 after the effective date 
of the annexation. Armstrong may elect to pay the annexation fee 
in full in one lump sum by giving written notice of such election 
to MCWRA not later than the May 1 immediately preceding the date 
payment is due. Any late payment shall bear interest at the annual 
rate of 6% from the due date, and shall be subject to the same 
penalties and collection procedures as are set forth in 
paragraph 6.7.

If paid in
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6.7. Payment of annexation fee in installments.

6.7.1.. , If paid in installments, the installments
shall include interest on the unpaid principal balance at the 
annual rate determined in the manner hereinafter set forth, which 
interest shall begin to accrue on July 1, next succeeding the first 
March 1 after the effective date of the annexation. The interest 
rate on installments shall be six percent per annum. The interest 
included in each installment shall be calculated as though the 
installment were paid on the last day before delinquency, even if 
the installment is paid in advance of that date.

The amount of each semi-annual installment 
shall be sufficient to amortize the full amount of principal and 
interest in twenty (20) equal semi-annual installments.

6.7.2.

6.7.3. The semi-annual installments shall be paid 
and collected at the same time and in the same manner and by the 
same persons as, and together with and not separately from, general 
agency and zone taxes and shall be delinquent at the same time and 
thereafter subject to the same delinquency penalties. The first 
installment shall be due on November 1 following July 1, next 
succeeding the first March 1 after the effective date of the 
annexation and shall be delinquent if not paid on or before the 
following December 10. The second installment shall be due on the 
following February 1 and shall be delinquent if not paid on or 
before the following April 10. Thereafter, installments shall fall 
due and become delinquent on the same dates each year.

Shan hs paid net inter than
July 1, next succeeding the first March 1 after the effective date 
of the annexation.

6.7.4.

6.7.5. The amount of each installment shall 
constitute a lien on each annexed parcel as of noon on the March 1 
immediately preceding the fiscal year (July 1-June 30) in which 
payment of the installment will be due. If the property is 
subdivided, then a prorata share of the annexation fee shall become 
a lien on each individual parcel, based upon the ratio that the 
land area of the individual parcel bears to the total land area of 
all parcels against which the annexation fee is a lien. All laws 
applicable to the levy, collection and enforcement of general 
agency and zone taxes, including, but not limited to, those 
pertaining to delinquency, correction, cancellation, 
redemption, shall be applicable to such installments.

6.7.6.

refund and

MCWD shall pay to MCWRA any fees to annex 
the lands within the MCWD Reserved Area described in paragraph 6.10 
and shown on Exhibit "F" to this Agreement and Framework.

Costs, assessments, fees and charges.6.8. ________ __ Costs,
assessments, fees and charges imposed by MCWD in connection with 
providing water and wastewater treatment capacity and service to
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the Armstrong Ranch must be equitable and reasonable and must be 
reasonably related to services and benefits received, consistent 
with the County Water District Law (Water Code sections 30,000 and 
following), with Government Code sections 50076 and 66013, and with 
applicable case law.

6.9. Quantity limitations on Armstrong water use.

6.9.1. Armstrong shall have the right to utilize 
on the Armstrong Ranch groundwater for irrigation, and 920 afy of 
additional water for potable uses withdrawn from the Basin, subject 
to the limitations set forth herein. Armstrong shall limit potable 
water withdrawn from the Basin and used for potable purposes on the 
Armstrong Ranch to no more than 20 afy when this Agreement and 
Framework becomes effective, 150 afy upon annexation to the Zones, 
and an additional 150 afy every two years thereafter, up to the 
total of 920 afy for potable purposes from the Basin.

6.9.2. MCWD shall provide Armstrong with water 
service for all residential, municipal and industrial uses on the 
Armstrong Ranch. In providing such service, the water allocation 
for Armstrong, set forth above in paragraph 6.9.1., shall be added 
to the MCWD water allocation, as provided in paragraph 5.1.

Groundwater underlying Area B shall be6.9.3.
used solely for agricultural activities conducted on Area B, except 
that not more than 20 afy of such groundwater may be used for 
potable uses on the Armstrong Ranch, and additional groundwater 
underlying Area B also may be used by the MCWD on the part of Area 
B conveyed to MCWD and may also be used on the adjacent lands of 
the MRWPCA.

The limits on water use provided by this 
paragraph 6.9. shall not apply to use of reclaimed water or of 
potable water developed from a source other than the Salinas Valley 
Groundwater Basin or the Salinas River and its tributaries.

Reservation of lands for MCWD.

6.9.4.

6.10.

________________ Armstrong shall
reserve, for use by MCWD, the area shown diagrammatically on 
Exhibit "F" to this Agreement and Framework as "MCWD Reserved 
Area", and the non-exclusive easements shown on Exhibits "C" and 
"F" in favor of MCWD, appurtenant to said MCWD Reserved Area and to 
MCWD's reclaimed water system and transferrable with either, for 
construction, roads, utilities (including communications), 
pipelines, and any other purpose for which a road may be used, 
subject to the non-exclusive easements shown on Exhibits "C" and 
"F" to be reserved in favor of Armstrong, which said reserved 
easements in favor of Armstrong shall be for wells (located within 
the southerly 60' of the 160' x 1000' strip as shown on Exhibit 
"F", which wells may be relocated within said strip from time to 
time, on well sites which may extend north of the southerly 60' of 
the strip) for agricultural irrigation, roads, utilities (including

6.10.1. MCWD Reserved Area .
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communications), pipelines, and any other purpose for which a road 
may be used, shall be freely assignable and usable by others, and 
not subject to being extinguished or limited because of overburden 
or surcharge, and which said reserved easements shall not interfere 
or be used so as to interfere with the use of the balance of said 
MCWD Reserved Area for the production, storage, or distribution of 
treated water (tertiary treatment or its equivalent), or potable 
water. Before either MCWD or Armstrong installs any facilities in 
the reserved easements, MCWD and Armstrong will meet and confer to 
assure that their respective uses of and facilities in the said 
reserved easements will not conflict. Both parties shall act 
reasonably in considering the needs of the other. MCWD shall not 
place any non-potable water impoundment within the 160/ x 1000' 
strip, nor any non-potable water pipeline closer than 110' north of 
the southerly boundary. MCWD shall not be required to move 
facilities the installation of which has been approved by 
Armstrong. Water from wells located in said reserved strip shall 
be used only on lands of Armstrong and also may be used by the MCWD 
on the part of Area B conveyed to MCWD and may also be used on the 
adjacent lands of the MRWPCA.

any

6.10.1.1. The MCWD Reserved Area, which shall 
not exceed 250 acres within the boundaries shown on Exhibit "F", 
will be "office" surveyed at the expense of MCWD within sixty days 
and “field" surveyed at the expense of MCWD within one year 
following approval by the MCWRA Board of Supervisors of this 
Agreement and Framework.

MCWD will diligently undertake, and 
MCWRA, City and Armstrong will cooperate in the planning and 
conduct of, the appropriate environmental review and application 
for appropriate permits to use MCWD Reserved Area for facilities 
for the production, storage, or distribution of treated water 
(tertiary treatment or its equivalent), or potable water. Any use 
other than for the production, storage, or distribution of treated 
water (tertiary treatment or its equivalent), or potable water, 
shall require the prior written approval of Armstrong, and any' 
conveyances from Armstrong to MCWD shall contain appropriate 
restrictions on such additional use in the form of a condition 
subsequent to the conveyances and a power of termination in favor 
of Armstrong. Any attempt to condemn the power of termination 
shall be subject to the provisions of paragraph 6.10.3. as if it 
were a condemnation of fee title.

6.10.1.2.

6.10.1.3. MCWD may use and take conveyance of 
the MCWD Reserved Area in phases of not less than 40 
Armstrong's obligation to reserve the MCWD Reserved Area shall 
expire at midnight on June 30, 2003, or upon delivery to Armstrong 
of written notice from MCWD cancelling MCWD's right to receive 
conveyance of the MCWD Reserved Area. Armstrong's obligation to 
reserve the MCWD Reserved Area shall be extended to July 1, 2010, 
if MCWD has begun to use at least 40 acres of the MCWD Reserved 
Area by June 30, 2003.

acres.
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6.10.2. Gift by Armstrong or payment by MCWD. 
Armstrong has offered to make a gift to MCWD, at the agreed value 
of $25,000 per acre, of 50 acres of the MCWD Reserved Area for the 
first 150 afy of water which Armstrong is entitled to withdraw from 
the Basin as provided in paragraph 6.9. of this Agreement and 
Framework, and 40 acres for each additional 150 afy which Armstrong 
may withdraw pursuant to paragraph 6.9, or less than 40 acres for 
the last 150 afy, if the last remaining portion of the MCWD 
Reserved Area is less than 40 acres, but in no event to exceed the 
total acreage of the area shown as the MCWD Reserved Area on 
Exhibit "F" to this Agreement and Framework. This offer may be 
accepted by MCWD following such final annexation at any time during 
the time Armstrong is reserving the MCWD Reserved Area. In any 
event, however, and notwithstanding the foregoing, upon receipt by 
Armstrong of written request from MCWD, Armstrong will forthwith 
convey all or part of the MCWD Reserved Area to MCWD by grant deed. 
Any such part must begin in the southwest corner of MCWD Reserved 
Area, must be parallel to the southerly and westerly boundaries of 
the MCWD Reserved Area, must be rectangular or trapezoidal in 
shape, must be at least 40 acres in size, and must be free of any 
financial encumbrances except taxes and assessments not delinquent, 
but subject to all other encumbrances, and further subject to all 
laws, ordinances, regulations and rights of all governmental bodies 
having jurisdiction in, on or over the subject real property as 
they may from time to time exist. Title shall also be subject to 
the lien of a first deed of trust for each conveyance, executed by 
MCWD in favor of Armstrong securing the obligation of MCWD in favor 
of Armstrong next hereinafter referred to. Beginning six months 
after conveyance of any part of the MCWD Reserved Area which is not 
conveyed as a gift to MCWD, MCWD shall commence paying to Armstrong 
a sum calculated by multiplying the number of acres in such 
conveyance by Twenty-Five Thousand Dollars ($25,000.00). The price 
of $25,000 per acre shall be adjusted as of July 1, 2003, if 
Armstrong's obligation to reserve the property is extended to 2010 
pursuant to paragraph 6.10.1.3. of this Agreement and Framework.
In such event, the price per acre shall be computed by multiplying 
$25,000 by the percentage increase or decrease in the Cost of 
Living Index for all urban consumers in the San Francisco-Oakland- 
San Jose Area (1982-1984=100), occurring between July 1, 1997 and 
July 1, 2003, or the closest dates to such dates for which figures 
are available. Payment shall be made in 20 equal semi-annual 
payments, commencing six months after such conveyance, sufficient 
to amortize the obligation fully, with the unpaid principal balance 
bearing interest from the date of conveyance to MCWD, at the prime 
rate of the Bank of America in San Francisco, California, as of 
July 1 each year during the term of this obligation, but not to 
exceed the maximum rate permitted by law to be charged by Armstrong 
in such transaction. Any such payments made or to be made by MCWD, 
together with interest from the date of MCWD's payment, through 
December 31, 2010, at the prime rate of interest of the Bank of 
America in San Francisco, California, shall be included in 
computing annexation fees, capacity charges and service charges 
charged by MCWD for the part of the Armstrong Ranch to which the 
payments made by MCWD to Armstrong relate.
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6.10.3. Waiver of further acquisitions by MCWD. 
MCWRA, and City of Marina: liquidated damages. Except for 
incidental water system and wastewater system and storm water 
system easements, incidental access easements, incidental road 
easements, and incidental utility easements, as may be necessary 
from time to time, and further excepting land dedicated to public 
uses through the development process as a condition of development, 
MCWD, City, and MCWRA shall not seek to acquire fee title to land 
or easements thereon on any part of the Armstrong Ranch by eminent 
domain for use in providing water or wastewater service, or for any 
other public purpose whatsoever, except that, as to City only, said 
prohibition shall apply only with respect to eminent domain for 
water or sanitary sewer facilities and shall not be applicable to 
eminent domain for other public purposes; provided, however, that 
in the event that any of said agencies shall, notwithstanding the 
foregoing covenant, warranty and representation, seek to exercise 
the power of eminent domain for any other purpose except as 
excepted above, then, and in that event, all Parties hereto hereby 
agree that the fair market value of and the price to be paid for 
all such land lying within MCWD Reserved Area as shown on 
Exhibit "F" hereto (and any additional area shown on an exhibit to 
a fully executed addendum to this Agreement and Framework) shall be 
the sum of Twenty-Five Thousand Dollars ($25,000.00) cash per 
and the fair market value and purchase price for all land lying 
outside of said MCWD Reserved Area as shown on Exhibit "F" hereto 
(and any additional area shown on an exhibit to a fully executed 
addendum to this Agreement and Framework) shall be the sum of ONE 
HUNDRED THOUSAND Dollars ($100,000.00) cash per acre. FURTHERMORE, 
IN THE EVENT THAT MCWD, CITY, AND MCWRA, OR ANY OF THEM, SHOULD 
BREACH THIS COVENANT, WARRANTY AND REPRESENTATION, THEN, AND IN 
THAT EVENT, THE PARTIES AGREE THAT ARMSTRONG SHALL BE ENTITLED TO 
RECOVER FROM SUCH BREACHING PARTY, AS LIQUIDATED DAMAGES, AN AMOUNT 
EQUAL TO THE DIFFERENCE BETWEEN THE PRICE PER ACRE ACTUALLY PAID 
AND TWENTY-FIVE THOUSAND DOLLARS ($25,000.00) PER ACRE MULTIPLIED 
BY THE NUMBER OF ACRES SO TAKEN IN THE CASE OF LAND WITHIN SAID 
MCWD RESERVED AREA (AND ANY ADDITIONAL AREA SHOWN ON AN EXHIBIT TO 
A FULLY EXECUTED ADDENDUM TO THIS AGREEMENT AND FRAMEWORK), AND THE 
DIFFERENCE BETWEEN THE PRICE PER ACRE ACTUALLY PAID AND ONE HUNDRED 
THOUSAND DOLLARS ($100,000.00) PER ACRE MULTIPLIED BY THE NUMBER OF 
ACRES TAKEN IN THE CASE OF LAND LYING OUTSIDE OF MCWD RESERVED AREA 
(AND ANY ADDITIONAL AREA SHOWN ON AN EXHIBIT TO A FULLY EXECUTED 

ADDENDUM TO THIS AGREEMENT AND FRAMEWORK), AS LIQUIDATED DAMAGES, 
WHICH THE PARTIES AGREE IS A REASONABLE SUM CONSIDERING ALL THE 
CIRCUMSTANCES EXISTING ON THE DATE OF THIS AGREEMENT AND FRAMEWORK, 
INCLUDING THE RELATIONSHIP OF THE SUM TO THE RANGE OF HARM TO 
ARMSTRONG THAT REASONABLY COULD BE ANTICIPATED AND THE ANTICIPATION 
THAT PROOF OF ACTUAL DAMAGES WOULD BE COSTLY OR INCONVENIENT. IN 
PLACING THEIR SIGNATURES BELOW, EACH PARTY SPECIFICALLY CONFIRMS 
THE ACCURACY OF THE STATEMENTS MADE ABOVE AND THE FACT THAT EACH 
PARTY WAS REPRESENTED BY COUNSEL WHO EXPLAINED THE CONSEQUENCES OF 
THIS LIQUIDATED DAMAGES PROVISION AT THE TIME THIS AGREEMENT AND 
FRAMEWORK WAS MADE.

acre
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MCWD

CITY

MCWRA

Annexation of portions of Armstrong,.Ranch6.11.
Notwithstanding any other provision of this section 6,MCWD.

portions of the Armstrong Ranch owned and/or used by MCWD may be 
annexed to the Zones at any time, upon MCWD's written request for 
such annexation, and after compliance with all then-applicable 

Any annexation fees or charges by MCWRA for such annexedlaws.
lands shall be paid by MCWD.

TERMS AND CONDITIONS—LONESTAR.7.

Compliance with Agency Act Section 22. The MCWRA 
acknowledges that it may not object to any withdrawal by Lonestar 
permitted by this section 7, except in compliance with section 22 
of the Agency Act. All groundwater withdrawn from the Basin by 
Lonestar may be used only within the Basin.

7.2.
date of this Agreement and Framework, Lonestar shall limit 
withdrawal and use of groundwater from the Basin to Lonestar's 
historical use of 500 afy of groundwater.

7.3.
Approval of this Agreement and Framework by the MCWRA Board of 
Supervisors shall constitute approval for annexation of the 
Lonestar Property in accordance with the terms of this Agreement 
and Framework. The actual annexation will occur as follows: The 
Lonestar Property annexation to the Zones will not take effect 
until the Lonestar Property has been approved for prior or 
concurrent annexation into MCWD. When such approval has been

7.1.

Commencing on the effectiveQuantity Limitations.

Annexation of Lonestar Property to the Zones.
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MCWRA

6.11. Annexation of portions of Armstrong .Ranch used bv 
Notwithstanding any other provision of this section ~6, *

portions of the Armstrong Ranch owned and/or used by MCWD may be 
annexed to the Zones at any time, upon MCWD's written request for 
such annexation, and after compliance with all then-applicable 
laws. Any annexation fees or charges by MCWRA for such annexed 
lands shall be paid by MCWD.

MCWD.

7. TERMS AND CONDITIONS—LONESTAR.

Compliance with Agency Act Section 22.7.1.
acknowledges that it may not object to any withdrawaT by Lonestar 
permitted by this section 7, except in compliance with section 22 
of the Agency Act. All groundwater withdrawn from the Basin by 
Lonestar may be used only within the Basin.

The MCWRA

7.2. Quantity Limitations. Commencing on the effective 
date of this Agreement and Framework, Lonestar shall limit 
withdrawal and use of groundwater from the Basin to Lonestar's 
historical use of 500 afy of groundwater.

Annexation of Lonestar Property to the 7,ones. 
Approval of this Agreement and Framework by the MCWRA Board of 
Supervisors shall constitute approval for annexation of the 
Lonestar Property in accordance with the terms of this Agreement 
and Framework. The actual annexation will occur as follows: 
Lonestar Property annexation to the Zones will not take effect 
until the Lonestar Property has been approved for prior or 
concurrent annexation into MCWD.

7.3.

The

When such approval has been

17124<XA004\4D-MOAJ4.026:022096/34



*»

ARMSTRONG

MCWD

CITY

MCWRA

Annexation of portions of Armstrong Ranch used by 
Notwithstanding any other provision of this section 6,

6.11.
MCWD.
portions of the Armstrong Ranch owned and/or used by MCWD may be 
annexed to the Zones at any time, upon MCWD's written request for 
such annexation, and after compliance with all then-applicable 

Any annexation fees or charges by MCWRA for such annexedlaws.
lands shall be paid by MCWD.

TERMS AND CONDITIONS—LONESTAR.7.

Compliance with Agency Act Section 22. The MCWRA7.1.
acknowledges that it may not object to any withdrawal by Lonestar 
permitted by this section 7, except in compliance with section 22 
of the Agency Act. All groundwater withdrawn from the Basin by 
Lonestar may be used only within the Basin.

Commencing on the effectiveQuantity Limitations, 
date of this Agreement and Framework, Lonestar shall limit 
withdrawal and use of groundwater from the Basin to Lonestar's 
historical use of 500 afy of groundwater.

7.2.

Annexation of Lonestar Property to the Zones.7.3.
Approval of this Agreement and Framework by the MCWRA Board of 
Supervisors shall constitute approval for annexation of the 
Lonestar Property in accordance with the terms of this Agreement 
and Framework. The actual annexation will occur as follows: The 
Lonestar Property annexation to the Zones will not take effect 
until the Lonestar Property has been approved for prior or 
concurrent annexation into MCWD. When such approval has been
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Annexation of portions of Armstrong Ranch used by 
Notwithstanding any other provision of this section 6, 

portions of the Armstrong Ranch owned and/or used toy MCWD may be 
annexed to the Zones at any time, upon MCWD's written request for 
such annexation, and after compliance with all then-applicable 
laws.
lands shall be paid by MCWD,

6.11.
MCWD.

Any annexation fees or charges by MCWRA for such annexed

7. TERMS AND CONDITIONS—LONESTAR.

Compliance with Agency Act Section 22. The MCWRA 
acknowledges that it may not object to any withdrawal by Lonestar 
permitted by this section 7, except in compliance with section 22 
of the Agency Act. All groundwater withdrawn from the Basin by 
Lonestar may be used only within the Basin.

7.1.

Quantity Limitations. Commencing on the effective7.2.
date of this Agreement and Framework, Lonestar shall limit 
withdrawal and use of groundwater from the Basin to Lonestar's 
historical use of 500 afy of groundwater.

Annexation of Lonestar Property to the Zones. 
Approval of this Agreement and Framework by the MCWRA Board of 
Supervisors shall constitute approval for annexation of the 
Lonestar Property in accordance with the terms of this Agreement 
and Framework. The actual annexation will occur as follows: The 
Lonestar Property annexation to the Zones will not take effect 
until the Lonestar Property has been approved for prior or 
concurrent annexation into MCWD. When such approval has been

7.3.
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CITY

MCWRA

Annexation of portions of Armstrong Ranch used bv 
Notwithstanding any other provision of this section 6,

6.11.
MCWD.
portions of the Armstrong Ranch owned and/or used by MCWD may be 
annexed to the Zones at any time, upon MCWD's written request for 
such annexation, and after compliance with all then-applicable 
laws.
lands shall be paid by MCWD.

Any annexation fees or charges by MCWRA for such annexed

TERMS AND CONDITIONS—LONESTAR.7.

Compliance with Agency Act Section 22. The MCWRA7.1.
acknowledges that it may not object to any withdrawal by Lonestar 
permitted by this section 7, except in compliance with section 22 
of the Agency Act. All groundwater withdrawn from the Basin by 
Lonestar may be used only within the Basin.

Quantity Limitations♦ Commencing on the effective 
date of this Agreement and Framework, Lonestar shall limit 
withdrawal and use of groundwater from the Basin to Lonestar's 
historical use of 500 afy of groundwater.

Annexation of Lonestar Property to the Zones. 
Approval of this Agreement and Framework by the MCWRA Board of 
Supervisors shall constitute approval for annexation of the 
Lonestar Property in accordance with the terms of this Agreement 
and Framework. The actual annexation will occur as follows; The 
Lonestar Property annexation to the Zones will not take effect 
until the Lonestar Property has been approved for prior or 
concurrent annexation into MCWD. When such approval has been

7.2.

7.3.
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Annexation of portions of Armstrong Ranch used bv 
Notwithstanding any other provision of this section 6, 

portions of the Armstrong Ranch owned and/or used by MCWD may be 
annexed to the Zones at any time, upon MCWD's written request for 
such annexation, and after compliance with all then-applicable 
laws.

6.11.
MCWD.

Any annexation fees or charges by MCWRA for such annexed 
lands shall be paid by MCWD.

7. TERMS AND CONDITIONS—LONESTAR.

Compliance with Agency Act Section 22. The MCWRA 
acknowledges that it may not object to any withdrawal by Lonestar 
permitted by this section 7, except in compliance with section 22 
of the Agency Act. All groundwater withdrawn from the Basin by 
Lonestar may be used only within the Basin.

7.1.

Quantity Limitations. Commencing on the effective7.2.
date of this Agreement and Framework, Lonestar shall limit 
withdrawal and use of groundwater from the Basin to Lonestar's 
historical use of 500 afy of groundwater.

Annexation of Lonestar Property to the. Zones. 
Approval of this Agreement and Framework by the MCWRA Board of 
Supervisors shall constitute approval for annexation of the 
Lonestar Property in accordance with the terms of this Agreement 
and Framework. The actual annexation will occur as follows: The 
Lonestar Property annexation to the Zones will not take effect 
until the Lonestar Property has been approved for prior or 
concurrent annexation into MCWD. When such approval has been

7.3.
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Annexation of portions of Armstrong Ranch used by 
Notwithstanding any other provision of this section 6,

6.11.
MCWD.
portions of the Armstrong Ranch owned and/or used by MCWD may be 
annexed to the Zones at any time, upon MCWD's written request for 
such annexation, and after compliance with all then-applicable 

Any annexation fees or charges by MCWRA for such annexedlaws.
lands shall be paid by MCWD.

TERMS AND CONDITIONS—LONESTAR.7.

Compliance with Agency Act Section 22. The MCWRA 
acknowledges that it may not object to any withdrawal by Lonestar 
permitted by this section 7, except in compliance with section 22 
of the Agency Act. All groundwater withdrawn from the Basin by 
Lonestar may be used only within the Basin.

Quantity Limitations. Commencing on the effective 
date of this Agreement and Framework, Lonestar shall limit 
withdrawal and use of groundwater from the Basin to Lonestar's 
historical use of 500 afy of groundwater.

Annexation of Lonestar Property to the Zones. 
Approval of this Agreement and Framework by the MCWRA Board of 
Supervisors shall constitute approval for annexation of the 
Lonestar Property in accordance with the terms of this Agreement 
and Framework. The actual annexation will occur as follows: The 
Lonestar Property annexation to the Zones will not take effect 
until the Lonestar Property has been approved for prior or 
concurrent annexation into MCWD. When such approval has been

7.1.

7.2.

7.3.
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Annexation of portions of Armstrong Ranch used bv 
Notwithstanding any other provision of this section 6, 

portions of the Armstrong Ranch owned and/or used by MCWD may be 
annexed to the Zones at any time, upon MCWD's written request for 
such annexation, and after compliance with all then-applicable 
laws. Any annexation fees or charges by MCWRA for such annexed 
lands shall be paid by MCWD.

TERMS AND CONDITIONS—LONESTAR.

6.11.
MCWD.

7.

Compliance with Agency Act Section 22. The MCWRA 
acknowledges that it may not object to any withdrawal by Lonestar 
permitted by this section 7, except in compliance with section 22 
of the Agency Act. All groundwater withdrawn from the Basin by 
Lonestar may be used only within the Basin.

7.1.

Quantity Limitations.7.2. Commencing on the effective 
date of this Agreement and Framework, Lonestar shall limit 
withdrawal and use of groundwater from the Basin to Lonestar's 
historical use of 500 afy of groundwater.

Approval of this {ggggg« F^^^M^La^of 

Supervisors shall constitute approval for annexation of the 
Lonestar Property in accordance with the terms of this Agreement 
and Framework. The actual annexation will occur as follows: 
Lonestar Property annexation to the Zones will not take effect 
until the Lonestar Property has been approved for prior or 
concurrent annexation into MCWD.

7.3.

The

When such approval has been
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obtained, Lonestar shall notify MCWRA, and the MCWRA Board of 
Supervisors shall declare by resolution the effective date of the 
annexation.

Annexation fee.7.4.

Amount of original annexation fee.______________ When
the Lonestar Property has been annexed to the Zones, Lonestar will 
pay to MCWRA an annexation fee computed as follows:

7.4.1.

$ 28,808 
7,313 

130,500

104 acres x $277 (land fee)
264 acres x $27.70 (open space) = 
500 afy x $783/3 (water charge) =

ss

Total principal (original fee) = 166.621

Total interest @ 6% 57.370

Total payment 

Semi-annual payments

223 , 991

11,200

Choice of lump sum or installment.
Lonestar may elect to pay the annexation fee in one lump sum or may 
pay in semi-annual installments.

7.4.2.

7.4.3. Lump sum payment. If paid in a lump sum, 
the original annexation fee shall be due and payable in full on 
July 1, next succeeding the first March 1 after the effective date 
of the annexation. Lonestar may elect to pay the annexation fee in 
full in one lump sum by giving written notice of such election to 
MCWRA not later than the May 1 immediately preceding the date 
payment in a lump sum would be due. Any late payment shall bear 
interest at the annual rate of 6% from the due date, and shall be 
subject to the same penalties and collection procedures as are set 
forth in paragraph 7.4.4.

7.4.4. Installment payments.

7.4.4.1. If the original annexation fee or any 
addition thereto is paid in installments, the installments shall 
include interest on the unpaid principal balance at the annual rate 
determined pursuant to this Agreement and Framework. The interest 
rate on installments on the original annexation fee shall be 
six (6) percent per annum and shall begin to accrue on July 1, next 
succeeding the first March 1 after the effective date of the 
annexation. The interest rate for the additional water charge 
shall be equivalent to that which the County would pay for funds 
borrowed at the time the additional water charge is determined and 
shall begin to accrue at the beginning of the applicable payment 
period. The interest included in each installment shall be 
calculated as though the installment were paid on the last day
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thftrdatIlinqUenCy' SVen if the instal^ent is paid in advance of

. . . . ,, , 7.4.4.2. The amount of each semi-annual
installment shall be sufficient to amortize the full amount of 
principal, and interest in twenty (20) equal semi-annual 
installments.

paid and counted 23 V
the same persons as, and together with and not separately from 
general agency and zone taxes and shall be delinquent at the skm&

?? ierwS??jwCt to the same delinquency penalties. The first: installment shall be due on November 1 following July 1. next 
succeeding the first March 1 after the effective date of the 
annexation and shall be delinquent if not paid 
following December 10. on or before the
following February 1 an/rtaU^deU^rif^S^paid^ or ^ 

before the following April 10. Thereafter, installments shall fall 
due and become delinquent on the same dates each year.

, . ,, , 7.4.4.4. The full amount of principal and
interest shall be paid not later than April 10, in the tenth
f^lo^ng July lf next succeeding the first March 1 after the effective date of the annexation.

7.4.4.5.

year

^ The amount of each installment shall
constitute a lien on the annexed property as of noon on the March l 
immediately preceding the fiscal year (July l-June 30) in which 
payment of the installment will be due. if the property is 
subdivided, then a prorata share of the annexation fee shall become 
a lien on each individual parcel, based upon the ratio that the 
land area of the individual parcel bears to the total land area of 
all parcels against which the annexation fee is a lien. All laws 
applicable to the levy, collection and enforcement of general 
agency and zone taxes, including, but not limited to, those 
pertaining to delinquency, correction, cancellation, refund and 
redemption, shall be applicable to such installments.

Additional annexation fee for change in 
If the water use on the Lonestar Property is changed 

from an industrial or agricultural use to a potable or other 
or if MCWD delivers potable water to the Lonestar Property pursuant
hL?f^agrfph 5*1*1:3*' then Lonestar shall pay to the MCWRA as an 
additional annexation fee, an additional water charge computed as 
two-thirds (2/3rds) of the product of 500 afy multiplied by the 
then-current annexation water charge. If Lonestar uses water on 
the 264-acre open-space area, Lonestar shall pay an additional land 
fee of nine times the land fee specified for the area in 7.4.1. 
above. The additional water charge or land fee will be paid either 
in one lump sum, due and payable on July l, immediately following 
the change m water use, or in twenty (20) equal semi-annual 
installments over ten (10) years, with the payment period and 
interest accrual beginning on that July 1, in the same manner as

7.4.5.
water use.

use,
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prescribed for Lonestar's original annexation fee and subject to 
the same rules.

7.4.6. Additional annexation fee for Mitigation 
Plan water supply allocation. If a substitute supply of potable 
Mitigation Plan water is approved for the Lonestar Property 
pursuant to Section 22 of the MCWRA Act, then, when the contract 
for construction of the Mitigation Plan has been approved by the 
MCWRA Board of Supervisors, and when Lonestar begins using water 
for potable uses, Lonestar will pay as an addition to its 
annexation fee an additional water charge computed as two-thirds 
(2/3rds) of the product of the amount so allocated multiplied by 
the then-current annexation water charge. The additional water 
charge will be paid either in one lump sum, due and payable on July 
1, immediately following approval of both the Mitigation Plan water 
supply for Lonestar and the construction contract for the 
Mitigation Plan, or in twenty (20) equal semi-annual installments 
over ten (10) years, with the payment period and the interest 
accrual beginning on that July 1, in the same manner as prescribed 
for Lonestar's original annexation fee and subject to the same 
rules.

Non-duplication of additional annexation 
The additional annexation fees set forth in paragraphs 7.4.5

If Lonestar

7.4.7.
fees.
and 7.4.6 above are not intended to be cumulative, 
becomes liable to pay both of the additional annexation fees, then 
Lonestar shall be obligated to pay only the higher of the two fees, 
and any amounts previously paid towards the lower additional fees 
shall be credited towards payment of the higher.

TERMS AND CONDITIONS—GENERAL.8.

Equal treatment bv MCWRA and MCWD. If future 
litigation, regulation or other unforeseen action diminishes the 
total water supply available to MCWRA, MCWRA agrees that it will 
exercise its powers so that MCWD, Armstrong and Lonestar shall be 
no more severely affected in a proportional sense than other lawful 
users of water from the Zones, based on the right before the 
imposition of any uniform and generally applicable restrictions as 
described in paragraph 8.2 to use at least the quantities of water 
from the Basin described in paragraphs 5.1., 6.9., and 7.2. MCWRA 
shall not at any time seek to impose greater restrictions on water 
use from the Basin by MCWD, Armstrong or Lonestar than are imposed 
on users either supplying water for use or using water within the 
city limits of the City of Salinas. MCWD, Armstrong and Lonestar 
will comply with any basin-wide or area-wide water allocation plans 
established by the MCWRA which include MCWD, Armstrong and 
Lonestar, and which do not impose on use of water on the lands 
described in Exhibits "B", "C", and "D" restrictions greater than 
are imposed on users either supplying water for use or using water 
within the City of Salinas, and which satisfy the requirements of 
paragraph 5.2 of this Agreement and Framework.

8.1.
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8.2. Water Conservation Measures._____________________ MCWD, Armstrong and
Lonestar shall use, and MCWD may require the use of reasonable and 
appropriate water conservation measures on the lands described in 
Exhibits "B", "C" and "D" to this Agreement and Framework, which 
water conservation measures shall be uniformly applied and may be 
more restrictive but shall not be less restrictive than measures 
implemented by MCWRA as part of a Basin-wide or area-wide water 
conservation program. All planning and environmental review for 
the lands described in Exhibits '*B'', "C", ^
and Framework shall be based on the requirement that development on 
such lands shall use reasonable and appropriate water conservation 
measures comparable to measures implemented by MCWRA as part of a 
Basin-wide or area-wide water conservation program, and by MCWD 
part of a water conservation program applicable uniformly within 
MCWD's service area.

8.3. Defense of Rights.________ ._____________ Upon Mitigation Plan
Implementation, MCWRA will defend the rights of MCWD, Armstrong and 
Lonestar to a supply of water from the Mitigation Plan, as though 
those rights were the rights of MCWRA. Participation by MCWD, 
Armstrong and Lonestar in the Mitigation Plan or any other 
alternative water supply plan is subject to compliance with all 
applicable laws, including but not limited to CEQA.

8.4. Use of Annexation Fees...... ..... Annexation fees from the
MCWD service area, the Armstrong Ranch and the Lonestar Property 
shall be used by MCWRA to pay the costs of a BMP process that 
incpiu^es! mitigation plans for the Marina Area based on the plannincj 
guidelines contained in this Agreement and Framework, 
annexation fees shall also be used for management and protection of 
the "900-foot aquifer."

8.5.

Such

Assessments. After approval by the Board of 
Supervisors of annexation to the Zones of any property described in 
the exhibits to this Agreement and Framework, each parcel annexed 
shall be subject to all uniform assessments, charges, 
other exactions levied in Zones 2 and 2A for the fiscal

fees, and
year

beginning on July 1, next succeeding the first March 1 after the 
effective date of the annexation, and shall remain subject thereto 
for as long as such exactions are levied and the parcel remains 
within the levying zone.

Recordation.8.6. Upon approval of this Agreement and 
Framework by the Board of Supervisors and execution by all Parties 
this Agreement and Framework shall be recorded in the office of the 
Monterey County Recorder. All signatures shall be notarized as 
necessary to record the Agreement and Framework.

9. DISPUTE RESOLUTION PROCEDURE -

If any dispute arises between the Parties as to 
the proper interpretation or application of this Agreement and 
Framework, the Parties shall first seek to resolve the dispute in 
accordance with this Agreement and Framework, and the Parties must

9.1.
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meet and confer under this Agreement and Framework before filing 
any court action.

9.2.
arises, the Parties shall first meet and confer, in an attempt to 
resolve the matter between themselves. Each party shall make all 
reasonable efforts to provide to the other Parties all the 
information that the party has in its possession that is relevant 
to the dispute, so that all Parties will have ample information 
with which to reach a decision.

If any dispute under this Agreement and Framework

If, notwithstanding the good faith efforts of a9.3.
party requesting in writing the resolution of a dispute under this 
Agreement and Framework, a dispute remains unresolved sixty- 
one (61) days after delivery of the request to the other party, the 
party requesting resolution may file suit for legal and equitable 
relief, including specific performance, as appropriate.

Nothing herein contained shall beCHALLENGE OF LAWS.10.
construed as stopping or otherwise preventing any party to this 
Agreement and Framework from contesting by litigation or other 
lawful means the validity, constitutionality, construction, or 
application of any law of this State, any ordinance of the public 
entities that are Parties hereto, or any rule, regulation or 
practice of the public entities that are Parties hereto.

11. WAIVER OF RIGHTS. Any waiver at any time by any party 
hereto of its rights with respect to a default or any other matter 
arising in connection with this Agreement and Framework shall not 
be deemed to be a waiver with respect to any other default or 
matter. None of the covenants or agreements herein contained can 
be waived except by the written consent of the waiving party.

12. NOTICES. All notices and demands required under this 
Agreement and Framework shall be deemed given by one party when 
delivered personally to the principal office of the other party; 
when faxed to the other party, to the fax number provided by the 
receiving party; or five days after the document is placed in the 
United States mail, first class, registered mail, or certified 
mail, postage prepaid, addressed to the other party as follows:

To MCWD: 11 Reservation Road 
Marina, CA 
Phone No.:
Fax No.:

93933-2099 
(408) 384-6131 

(408) 384-2479

General Manager 
P. O. Box 930 
Salinas, CA 
Phone No.:
Fax No.:

To MCWRA:

93902-0930 
(408)

(408) 424-7935
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To City: City Manager 
211 Hillcrest Avenue 
Marina, CA 
Phone No.:
Fax No.:

93933
(408) 384-3715 

(408) 384-0425
To Armstrongs John A. Armstrong 

270 River Road 
Salinas, CA 93908 
Phone No.:
Fax No.:

RMC LONESTAR 
Attention:
P.0. Box 5252 
Pleasanton, CA 
Phone No.:
Fax No,.:

The< address or fax number to which any notice or other writina 
® Y ke 9iven or made or sent to any party may be changed 
written notice given by such party as above provided.

(408) 455-1907 
(408) 455-2817

To Lonestar:
Mr. John Rubiales

94566 
(510) 426-8787 

(510) 426-2225

upon

13 • SEVERABTTiTTV-

court of competent jurisdiction, then such covenant or covenants
'S? ?5^9£®eMntS' ?ha11 be nul1 void and shali be deeded
separable from the remaining covenants and agreements and shall in 

way affect the validity of this Anrppmont .
provided, that if voiding of such individual covenants or 
agreements without voiding the whole agreement would frustrate a 
material purpose of Lonestar in entering into this Agreement and 
Framework, then this whole Agreement and Framework shall be null 
and void ab initio as to Lonestar only.

no

. w14, PARAGRAPH HEADINGS. Paragraph headings in this Agreement 
and Framework are for convenience only and are not to be construed
amplifying°thehprovisionsnhereoffralneWOrJC “ “ a"y "ay llmltin9 °r

... £££CESSQB.S AND ASSIGNS. This Agreement and Framework and
all the terms, covenants, agreements and conditions herein 
contained shall inure to the benefit of and be binding 
successors and assigns of the Parties hereto. upon the

16. ADMINISTRATORS., ----------------- MCWD and MCWRA hereby designate their
respective General Managers as their Administrators for this 
Agreement and Framework. City designates its City Manaqer as
£tyjohnTeA™^on/Jr?rrJ Ad“ini;trat°r. Armstrong designates Mr. John A. Armstrong as its Agreement and Framework Administrator
Lonestar designates Mr. John Rubiales as its Agreement and
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All matters concerning this Agreement andFramework Administrator.
Framework shall be submitted to the Agreement and Framework 
Administrators or such other representatives as the Agreement and 
Framework Administrators may designate for their respective 
agencies. Any party may, in its sole discretion, change its 
designation of the Agreement and Framework administrator and shall 
promptly give written notice to the other Parties of any such 
change.

17. NEGOTIATED AGREEMENT AND FRAMEWORK. This Agreement and 
Framework has been arrived at through negotiation between the 
Parties. Neither party is to be deemed the party which prepared 
this Agreement and Framework within the meaning of Civil Code 
section 1654.

18. AMENDMENT. This Agreement and Framework may be amended 
only by a writing signed by the Parties affected by the amendment.

19. COUNTERPARTS. 
executed in counterparts. 
deemed a duplicate original, and all counterparts which together 
contain the signatures of all the Parties shall be deemed, when 
attached together, one complete and integrated original document.

This Agreement and Framework may be
Each fully executed counterpart shall be

A form of Addendum for the MRWPCA is attached 
When the Addendum is fully executed in its

ADDENDUM.20.
hereto as Exhibit "G.M 
present form or in an amended form, it shall be attached to this

integral part of this Agreement andAgreement and Framework as an 
Framework, and the provisions of the Addendum shall be deemed 
specifically and fully incorporated into this Agreement and 
Framework by this reference.

the Parties execute this Agreement andIN WITNESS WHEREOF 
Framework as follows:

Dated: olfe , 1996 MONTEREY COUNTY WATER RESOURCES 
AGENCY'1

By
Edith Johnson
Chair, Board of Supervisors

MARINA COAST WATER DISTRICT, 1996Dated:

By
Thomas P. Moore
President, Board of Directors

By
Malcolm D. Crawford 
Secretary, Board of Directors
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■ *

STATE OF CALIFORNIA 
COUNTY OF MONTEREY

) ss.)
I'

On this 26th day of_____________________ . 19 gg. before me, Ernest
K. Morishita, Clerk of the Board of Supervisors, in and for said

Edith Johnson

March
4. County and State, personally appeared

known to me to be the Chairperson of said Board of Supervisors of.the 
County of Monterey, and known to me to be the person who executed the 
within instrument on behalf of said politic^ subdivision, 
ledged to me that such County of Monterey executed the

and acknow-
same.

ERNEST K. MORISHITA, Clerk of the 
Board of Supervisors of Monterey

liforniaCo State of
a

ByV
Deputy Clerk



All matters concerning this Agreement andFramework Administrator.
Framework shall be submitted to the Agreement and Framework 
Administrators or such other representatives as the Agreement and 
Framework Administrators may designate for their respective 
agencies. Any party may, in its sole discretion, change its 
designation of the Agreement and Framework administrator and shall 
promptly give written notice to the other Parties of any such 
change.

This Agreement andNEGOTIATED AGREEMENT AND FRAMEWORK.
Framework has been arrived at through negotiation between the 
Parties. Neither party is to be deemed the party which prepared 
this Agreement and Framework within the meaning of Civil Code 
section 1654.

17.

This Agreement and Framework may be amendedAMENDMENT.18.
only by a writing signed by the Parties affected by the amendment.

This Agreement and Framework may be
Each fully executed counterpart shall be

COUNTERPARTS.19.
executed in counterparts. 
deemed a duplicate original, and all counterparts which together 
contain the signatures of all the Parties shall be deemed, when 
attached together, one complete and integrated original document.

20. ADDENDUM. A form of Addendum for the MRWPCA is attached 
hereto as Exhibit "G." When the Addendum is fully executed in its 
present form or in an amended form, it shall be attached to this 
Agreement and Framework as an integral part of this Agreement and 
Framework, and the provisions of the Addendum shall be deemed 
specifically and fully incorporated into this Agreement and 
Framework by this reference.

IN WITNESS WHEREOF, the Parties execute this Agreement and 
Framework as follows:

MONTEREY COUNTY WATER RESOURCES 
AGENCY

, 1996Dated:

By
Edith Johnsen
Chair, Board of Supervisors

Aynl—- 1~Z-, MARINA COAST WATER DISTRICT1996Dated:

By V >
Thomas P. Moore '
President, Board of Directors

BAM
Malcolm D. Crawford 7 
Secretary, Board of/Directors
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, 1996

%
MAX ARMSTRONGX

Dated: , 1996 THE SANDRA ARMSTRONG MURRAY 
REVOCABLE TRUST UTA dated March 7 
1989

By
DARRELL L. MURRAY , Trustee

Dated: , 1996 THE LOIS AND CLYDE JOHNSON, JR., 
1989 IRREVOCABLE TRUST

By
CLYDE W. JOHNSON III , Trustee

Dated: , 1996 THE JOHNSON FAMILY REVOCABLE LIVING 
TRUST UTA dated November 29, 1989

By
CLYDE W. JOHNSON III , Trustee

Dated: , 1996

CLYDE W. JOHNSON III
a 4” rl •4-S LA ko LA • 1 An /- f O

EDWIN A. JOHNSON/
/Dated: , 1996

/

/JO^N-Ju ARMSTRONG J/t / //
, 1996 /Dated:

SUSANNE IRVINE ARMSTRO!

kn*±29Dated: , 1996

JpMES IRVINE ARMSTRONG, JR.
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, 1996Dated:

JAY MAX ARMSTRONG

THE SANDRA ARMSTRONG MURRAY 
REVOCABLE TRUST UTA dated March 7, 
1989

, 1996Dated:

By c ""^TT^TrusteeDARRELL L.MURRAY

THE LOIS AND CLYDE JOHNSON, JR., 
1989 IRREVOCABLE TRUST

, 1996Dated:

By
, TrusteeCLYDE W. JOHNSON III

THE JOHNSON FAMILY REVOCABLE LIVING 
TRUST UTA dated November 29, 1989

, 1996Dated:

By , TrusteeCLYDE W. JOHNSON III

, 1996Dated:

CLYDE W. JOHNSON III

, 1996Dated:

EDWIN A. JOHNSON

: 2 4 , 1996Dated: 'j/
/

TA, ARMSTRONG

, 1996Dated:

SUSANNE IRVINE ARMSTRO!

^29 , 1996Dated:

S IRVINE ARMSTRONG, JR.
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Dated: , 1996
!

JAY MAX ARMSTRONG

Dated: , 1996 THE SANDRA ARMSTRONG MURRAY 
REVOCABLE TRUST UTA dated March 7, 
1989

By
DARRELL L. MURRAY , Trustee

<4 -Lj-Dated: , 1996 THE LOIS AND CLYDE JOHNSON, JR., 
1989 IRREVOCABLE TRUST

CLYDE W. JOHNSON III , Trustee
C/- L/Dated: , 1996 THE JOHNSON FAMILY REVOCABLE LIVING 

TRUST UTA dated November 29, 1989

^lyde w.^Johnson iii , Trustee
U- l/ is

Dated: , 1996 si - /s /
~"7T' /1

clYde^w. JOHNSON^U;
r/- c/T> +% • 1 nn /* 

, J.^7 ^ O'"7 X
/c.

EDWIN

: % 24Dated: , 1996
/

/JOjlff-A, ARMSTRONG 7*/Dated: , 1996 /

SUSANNE IRVINE ARMSTRO!

^ 29Dated: , 1996 Jc
JT)ME /S IRVINE ARMSTRONG, JR.

/
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, 1996Dated:

JAY MAX ARMSTRONG

THE SANDRA ARMSTRONG MURRAY 
REVOCABLE TRUST UTA dated March 7, 
1989

, 1996Dated:

By
, TrusteeDARRELL L- MURRAY

THE LOIS AND CLYDE JOHNSON, JR., 
1989 IRREVOCABLE TRUST

, 1996Dated:

By
, TrusteeCLYDE W. JOHNSON III

THE JOHNSON FAMILY REVOCABLE LIVING 
TRUST UTA dated November 29, 1989

, 1996Dated:

By
, TrusteeCLYDE W. JOHNSON III

, 1996Dated:

CLYDE W. JOHNSON III

, 1996Dated:

EDWIN A. JOHNSON

, 1996Dated: ft/
,/

JOHN-A, ARMSTRONG JL

/
, 1996Dated:

SUSANNE IRVINE ARMSTRO:
/

, 1996Dated:

S IRVINE ARMSTRONG, JR.
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Dated: , 1996

JAY MAX ARMSTRONG

Dated: , 1996 THE SANDRA ARMSTRONG MURRAY 
REVOCABLE TRUST UTA dated March 7, 
1989

By
, TrusteeDARRELL L. MURRAY

Dated: , 1996 THE LOIS AND CLYDE JOHNSON, JR., 
1989 IRREVOCABLE TRUST

By
CLYDE W. JOHNSON III , Trustee

Dated: , 1996 THE JOHNSON FAMILY REVOCABLE LIVING 
TRUST UTA dated November 29, 1989

By
CLYDE W. JOHNSON III , Trustee

Dated: , 1996

CLYDE W. JOHNSON III

Dated: , 1996

EDWIN A. JOHNSON

2 4Dated: , 1996
7

/JOHN--A. ARMSTRONG j/I

Dated: , 1996

SUSANNE IRVINE ARMSTRO:

oa- 2 9 , 1996Dated:

S IRVINE ARMSTRONG, JR.

2512400\001\4I>-MOA34.026:022096/34



SUSANNE IRVINE ARMSTRONG, JAMES 
IRVINE ARMSTRONG, JR., and JOHN A. 
ARMSTRONG II, as Trustees of the 
Trust for the benefit of MARY JANET 
ARMSTRONG WEBER as set forth in the 
Order Settling Report of Trustees 
due to the death of Lois Armstrong, 
etc., in the Estate of Irvine 
Armstrong, also known as James 
Irvine Armstrong, Deceased, 
recorded January 4, 1988, in Reel 
2191, Official Records of Monterey 
County at page 643 therein 
(hereinafter referred to as the 
liMary Janet Armstrong Weber Trust")

, 1996Dated:
SANNE IRVINE ARMSTRONG ,/gr

1996Dated: By
ARMSTRONG-'omfA. 'rust

yyitsL. z9 0
, 1996Dated: stea^IRVINE ARMSTRONG, JR.,£

THE 1990 ARMSTRONG FAMILY TRUST 
established by Declaration dated 
July 2, 1990

Dated: , 1996

By
Walter J. McCullough

By
Elizabeth S. Armstrong

RMC LONESTAR, a California general 
partnership

Dated: , 1996

By

Dated: CITY OF MARINA, 1996

By
James L. Vocelka, Mayor
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SUSANNE IRVINE ARMSTRONG, JAMES 
IRVINE ARMSTRONG, JR., and JOHN A. 
ARMSTRONG II, as Trustees of the 
Trust for the benefit of MARY JANET 
ARMSTRONG WEBER as set forth in the 
Order Settling Report of Trustees 
due to the death of Lois Armstrong, 
etc., in the Estate of Irvine 
Armstrong, also known as James 
Irvine Armstrong, Deceased, 
recorded January 4, 1988, in Reel 
2191, Official Records of Monterey 
County at page 643 therein 
(hereinafter referred to as the 
"Mary Janet Armstrong Weber Trust")

Dated: , 1996 By
SUSANNE IRVINE ARMSTRONG. Trustee

Dated: 1996 By
'A. ARMSTRONG I>?o: 'rust

yn*A. x9 . R-yDated: 1996 i&fiIra

IRVINE ARMSTRONG, JR
Dated: , 1996 THE 1990 ARMSTRONG FAMILY TRUST 

established by Declaration dated 
July 2, 1990

By
Walter J. McCullough

By
Elizabeth S. Armstrong

RMC LONESTAR, a California general 
partnership

Dated: , 1996

By

Dated: , 1996 CITY OF MARINA

By
James L. Vocelka, Mayor
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SUSANNE IRVINE ARMSTRONG, JAMES 
IRVINE ARMSTRONG, JR., and JOHN A. 
ARMSTRONG II, as Trustees of the 
Trust for the benefit of MARY JANET 
ARMSTRONG WEBER as set forth in the 
Order Settling Report of Trustees 
due to the death of Lois Armstrong, 
etc., in the Estate of Irvine 
Armstrong, also known as James 
Irvine Armstrong, Deceased, 
recorded January 4, 1988, in Reel 
2191, Official Records of Monterey 
County at page 643 therein 
(hereinafter referred to as the 
"Mary Janet Armstrong Weber Trust")

, 1996Dated: By
SUSANNE IRVINE ARMSTRONG, Trustee

yn*A.. z°>
1996Dated:

A. ARMSTRONG^!
, 1996Dated: IRVINE ARMSTRONG

THE 1990 ARMSTRONG FAMILY TRUST 
established by Declaration dated 
July 2,

, 19 9 6Dated:

990

By
alterJ. McCulloch

/By J—j/ 22
Elizabeth S. Armstrong

RMC LONESTAR, a California general 
partnership

•1996Dated: 7

By

CITY OF MARINA, 1996Dated:

By
James L. Vocelka, Mayor

261240O\OO4\4D-MOA34.026:022096/34



Dated: , 1996 SUSANNE IRVINE ARMSTRONG, JAMES 
IRVINE ARMSTRONG, JR., and JOHN A. 
ARMSTRONG II 
Trust for the benefit of MARY JANET 
ARMSTRONG WEBER as set forth in the 
Order Settling Report of Trustees 
due to the death of Lois Armstrong, 
etc., in the Estate of Irvine 
Armstrong, also known as James 
Irvine Armstrong, Deceased, 
recorded January 4, 1988, in Reel 
2191, Official Records of Monterey 
County at page 643 therein 
(hereinafter referred to as the 
"Mary Janet Armstrong Weber Trust")

as Trustees of the

By
, Trustee

Dated: , 1996

JAMES IRVINE ARMSTRONG, JR.

Dated: 1996 THE 1990 ARMSTRONG FAMILY TRUST 
established by Declaration dated 
July 2, 1990

By
Walter J. McCullough

By
Elizabeth S. Armstrong

RMC LONESTAR, a California general 
partnership

: /fAl#Dated: , 1996
/

By

Dated: , 1996 CITY OF MARINA

By
James L. Vocelka, Mayor

2612400\0MV4D-MOA34.026:022096/34



Dated: SUSANNE IRVINE ARMSTRONG, JAMES 
IRVINE ARMSTRONG, JR., and JOHN A. 
ARMSTRONG II, as Trustees of the 
Trust for the benefit of MARY JANET 
ARMSTRONG WEBER as set forth in the 
Order Settling Report of Trustees 
due to the death of Lois Armstrong, 
etc., in the Estate of Irvine 
Armstrong, also known as James 
Irvine Armstrong, Deceased, 
recorded January 4, 1988, in Reel 
2191, Official Records of Monterey 
County at page 643 therein 
(hereinafter referred to as the 
"Mary Janet Armstrong Weber Trust")

, 1996

By
, Trustee

Dated: , 1996

JAMES IRVINE ARMSTRONG, JR.

THE 1990 ARMSTRONG FAMILY TRUST 
established by Declaration dated 
July 2, 1990

Dated: , 1996

By
Walter J. McCullough

t

By
Elizabeth S. Armstrong

RMC LONESTAR, a California general 
partnership

Dated: , 1996

By

Hk/9<o NACITY OF, 1996Dated:

By
Jaimes!; L. Vocelka, Mayor

2612400\004V4 D-MOA34.026:022096/34



APPROVED AS TO FORK:

Dated: , 19967
WILLIAM K. RENTZ
Deputy County Counsel 
County s'

iterey

Dated: 1996 NOLAND. HAMERLY, ETIENNE & HOSS 
A Professional Corporation

By
Lloyd W. Lowrey, Jr.
Legal Counsel for MARINA COAST 
WATER DISTRICT

Dated: , 1996

ROBERT R. WELLINGTON
Legal Counsel for CITY OF MARINA

Dated: , 1996 THOMPSON, HUBBARD & OMETER 
A Law Corporation

By
Donald G. Hubbard
Legal Counsel for J.G. ARMSTRONG 
FAMILY MEMBERS

Dated: ,, 1996 PILLSBURY, MADISON AND SUTRO

By
Thomas P. O'Donnell
Legal Counsel for RMC LONESTAR

2712400\004\4D-MOA34.026:022096/34



APPROVED AS TO FORM:

, 1996Dated:

WILLIAM K. RENTZ
Deputy County Counsel, Monterey
County

M 2X , 1996 NOLAND, HAMERLY, ETIENNE & HOSS 
A professional Corporation

Dated:

•^4—>By
Lloyd W. Lbwrey, Jr. 
Legal Counsel for MARINA 
WATER DISTRICT

, 1996Dated:

ROBERT R. WELLINGTON
Legal Counsel for CITY OF MARINA

THOMPSON, HUBBARD & OMETER 
A Law Corporation

, 1996Dated:

By
Donald G. Hubbard
Legal Counsel for J.G. ARMSTRONG
FAMILY MEMBERS

PILLSBURY, MADISON AND SUTRO, 1996Dated:

By
Thomas P. O'Donnell
Legal Counsel for RMC LONESTAR

2712400\004\4D-MOA34.026:022096/34



APPROVED AS TO FORM:

Dated: , 1996

WILLIAM K. RENTZ ~
Deputy County Counsel, Monterev 
County *

Dated: , 1996 NOLAND, HAMERLY, ETIENNE & HOSS 
A Professional Corporation

By
Lloyd W. Lowrey,
Legal Counsel for MARINA COAST 
WATER DISTRICT

Jr.

MDated: , 1996

ROBERT R. WELLINGTON
Legal Counsel for CITY OF-* .IN A

Dated: , 1996 THOMPSON, HUBBARD & OMETER 
A Law Corporation

By
Donald G. Hubbard
Legal Counsel for J.g. 
FAMILY MEMBERS ARMSTRONG

Dated: , 1996 PILLSBURY, MADISON AND SUTRO
By

Thomas p. O'Donnell
Legal Counsel for RMC LONESTAR

12400\004\4D-MOA34.026:022096/34 27



APPROVED AS TO FORM:

Dated: , 1996

WILLIAM K. RENTZ
Deputy County Counsel, Monterey
County

NOLAND, HAMERLY, ETIENNE & HOSS 
A Professional Corporation

Dated: , 1996

By
Lloyd W. Lowrey, Jr.
Legal Counsel for MARINA COAST 
WATER DISTRICT

Dated: , 1996

ROBERT R. WELLINGTON
Legal Counsel for CITY OF MARINA

Dated: H 2- *9 THOMPSON, HUBBARD & OMETER 
A Law Corporation /

, 1996

By
Donald G.Hubbard
Legal Counsel for J.G. ARMSTRONG
FAMILY MEMBERS

PILLSBURY, MADISON AND SUTRODated: , 1996

By
Thomas P. O'Donnell
Legal Counsel for RMC LONESTAR

2712400\004UD-MOA34.026:022096/34



APPROVED AS TO FORMS

Dated: , 1996

WILLIAM K. RENTZ
Deputy County Counsel, Monterey
County ---------- - - ------

Dated: , 1996 NOLAND, HAMERLY, ETIENNE £ HOSS 
A Professional Corporation

By
Lloyd W. Lowrey, Jr.
Legal Counsel for MARINA COAST 
WATER DISTRICT

Dated: , 1996

ROBERT R. WELLINGTON
Legal Counsel for CITY OF MARINA

Dated: , 1996 THOMPSON, HUBBARD & OMETER 
A Law Corporation

By
Donald G. Hubbard
Legal Counsel for J.g. ARMSTRONG
FAMILY MEMBERS

Dated: ■£<£/1996
\

By
Thomas^'P. O'Donnell
Legal Counsel for RMC LONESTAR

12400\0ft)V4D-MOA34.026:022096/34 27
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/jJ' Lands ot 
^ Si California Artichoke

Hole:
The Lapis Site lies within the 
‘Coastal Margin of the Salinas 
Valley Groundwater Basin*. 
The northern boundary of the 
site is coterminous with the 
existing boundary of Zone 2A.

----- (Existing)
Umits of Zone 2A

*03 /o*■ t.

if #'■••ob ••
&Q3 o>

^ //// ^fv».
<>)
\OJ Lands of 

ArmstrongV*r* O ^Mining ■oc clPermit ism oO -4rea mm cc.
§ in

ex.
d

Lands of 
Armstrong

/

$$
Marina County 
Water District „

£
SIT "P." to Memo­

randum of Agreement: 
"Lonestar Property to be 
Annexed."

amK

VICINITY MAP
Grant Deed Assessor’s Parcel Numbers

203-011*01
203*011-16
203-011-17
203-011-19
203-011-20

Grant deed dated April 22,1929 
recorded August 29,1929 
Volume 204 Official Records, at page 127. 
(See Exhibit D1 for Legal Description)

I
mlchaeld.ashley-
CIVIL. ENGINEER 

(4151341x2669?



EXHIBIT ”P 1 ”
LEGAL DESCRIPTION - LANDS OF RMC-LONESTAR

(baaed on preliminary report from Western Title 
Insurance Company dated December 12, 1986)

Said land is situate in the County of Monterey, State of Cali­
fornia, and is described as follows:

PARCEL 1

A part of Monterey City Lands Tract No. 
dunes along the shore of Monterey Bay, 
to-wit:

1 embracing the sand 
described as follows,

common corner ' of the Rancho Rincon de las 
Salinas and the Monterey City Lands Tract No. 1 on the shore of 
Monterey Bay, from which an old Four inch by Four inch post 
marked "R S 3 Wit" standing on Rancho boundary bears South 63° 
20' East Twelve and 79/100 chains distant;
50' East, following the shore line of bay South 1° 05' West Sixty 
and 00/100 chains to station; thence South 5° 40' West Thirty- 
three and 00/100 chains to station; thence South 11° 30'
Thirty-one and 02/100 chains to the Northerly boundary of the 

of David Jacks; thence leaving the shore of the Monterey 
Bay and following the fence along the Northerly line of the land 
of David Jacks Corporation South 65° 30' East, Twenty-three and 
61/100 chains to station; thence South 65° 12'
31/100 chains a Four inch by Four inch post marked "E.
L. S. Cor. No.

BEGINNING at the

thence Variation 16°

West

land

East Five and
B. & A.

1" standing at the foot of sand hills and at the 
Easterly side thereof, Seven and 23/100 chains to station from 
which the point of intersection of Jacks boundary fence with the 
center line of the S. P. R. R. at station 281 plus Fifty-one 
and 6/10 bears South 65° 12' East Fifty-one and 73/100 chains
distant; thence leaving the Jacks boundary and following the old 
fence skirting the Easterly side of sand dunes North 7° 30' East 
Eleven and 00/100 chains; thence North 15° 15'
87/100 chains to station; thence North 34 0 East Six and 92/100 
chains to station; thence North 11° 30' 
chains to station; thence North 5° 45' 
chains to station; thence North 120

East Five and

East One and 00/100
West Five and 18/100

15' East Five and 66/100
chains to station; thence North 4° West 3 and 60/100 chains to 
station; thence North 34° East One and. 27/100 chains to station; 
thence North 14 ° 30 East Three and 29/100 chains to station; 
thence North 6° 45' West Three and 83/100 chains to center line 
of Lapis Spur track; thence North 0° 15'
chains to station; thence North 22° 30'

East Five and 51/100 
East Four and 10/100 
East Five and 05/100 

chains to station; thence North 34° East Four and 17/100 chains 
to station; thence North 13° East Ten

chains to station; thence North 16° 45'

and 15/100 chains to 
45' East Two and 45/100 chains tostation; thence North 30°



EXHIBIT "D 1 ”
Page 2 of 3

station; thence North 13° 
old fence

chains to station 18; thence North 22° ^ 60/100
chains to station 19; thence North 7o* East £o and* 27/on 2hV1°° 

to station 20; thence North 46° 50' EastTwo and 16/inn 
to station 21; thence North 12° 45' West Three and ^bains
to station 22; thence North 26° 30' East one and 92/ion 5^ns
No %3F°U" in"h b* Fou" Post marked e! b.“ a.^l s

Ciiv r!IndS. thS fenCS °n the line between the
City Lands and the Rancho Rincon
foot of sand hills
North 63°

Cor.
Monterey

, _ . <ae \as Sabinas, thence leaving
ana following said line fence across 

20 West Forty-two and 02/100 chains same
to the place ofbeginning.

PARCEL 2

All those certain lots, 
and being in .the ~ 
described as follows:

A PAKT of Monterey city Lands Tract No. 1, described as follows:
tV“P /fi//"/. fTvS 5“dred feet wide "-easured at right angles 
described*'a/fo/l/ws: “ MCh Slde °f a line lo«ted 'and

pieces or parcels of land situate 
County of Monterey, lying 

of California,State

iLf hera/n-/,/°/nt^!n„/heJ "I**6"" b°und^ of the piece of 

North 6.-45-;' We-sr-froT/Za/Tn Sobered19 ^n/^d ^T/daf3-^

bT a^straigr i“/
y a straight line bearing South 77° 29' East Five hnnrfr^
lS rradius 955 feet; thence by a 6“ 00' curve to toe
left (radius 955.04 feet), Five hundred seventy-six
feet; thence by a straight line bearing North 
Six hundred forty-eight and 08/100 
to the left (radius 1146.
2/10 feet,

and 81/100 
67° 54-1/2' East 

feet; thence by a 5° 00'
01 feet) Eleven hundred thirty-nine 

more or less, to the Western line of 
Pacific Company's Railroad right of way.

curve 
and

the Southern

EXCEPTING THEREFROM that portion 
ifornia by deed dated May

Official Records,

conveyed to the State of 
1974 and recorded August 

at page 909,

Cal- 
19, 1974, 

Monterey County
31,

on Reel 930, 
Records.

PARCEL 3

Ail those certain lots, pieces or parceis of land situate, lying
and being in the County of Monterey, state of California 
described as follows: inj-a,



exhibit ’’nr Page 3 of 3

All that portion of Monterey City Lands Tract 
the Western boundary line of Parcel 
in the deed from John A.
Company, a corporation,

No. 1 lying between 
1 of the property described 

B. & A.Armstrong et al, to E. 
dated January 24,

January 24, 1907 in Liber 95 of Deeds, 
boundary line of the property patented 
by patent, dated November 19,
1896 in Liber "F" of patents at

L. Stone 
and recorded1907,

page 388, and the Western 
to the City of Monterey, 

and recorded November 16,1891, 
page 178.

PARCEL 4
All those certain lots, pieces 
and being in the County 
described as follows:

All that part of Monterey city Lands 
follows:

or parcels of land situate, lying 
of Monterey, State of California,

Tract No. 1 described as

BEGINNING at a Four inch by Four inch post marked 
in the Eastern Boundary of the certain 
by J.

"B 6" standing 
399.70 acre tract conveyed 

B. & A. L.G. Armstrong Co. a corporation, to the E.
Stone Co., a corporation by deed dated January 31 1911 and
recorded in volume 117, of Deeds at page 283, Monterey County
^°^S: which station 9 of said boundary bears South 6°

ona , uninety'flVe and 08/100 feet distant; thencealong said Eastern boundary North 6°
7/10 feet to a station in center line 
of way as shown in above mentioned 
East,

45' West Fifty-seven and 
of one hundred foot right 

. deed; thence North 0°
still along said Eastern boundary three hundred sixty-three 

and 6/10 feet to a station; thence North 22° 30' East one hundred 
seven and 0/!° feet to a four inch by four inch post marked "B 
i m said Eastern boundary; thence leave said boundary South 
29° 50' East three hundred ninety-two and 2/10 feet to a four 
inch by four inch post marked

15'

"b 2"; thence South 45° 29' East 
one hundred thirty-one and 0/10 feet to a four inch by four inch 
post marked "B 3"; thence South 77* 40' East two hundred
seventy-six and 0/10 feet to a four inch by four inch post marked 

B 4"; thence South 12° 20' West, at fourth-nine and 9/10 feet 
to the Northern line of above mentioned one hundred foot right 
of way at one hundred forty-nine and 9/10 feet the 
of same, one hundred fifty-five and 0/10 feet to a 
four inch post marked "b 5", thence North 77° 
feet southerly of and parallel with the 
right of way five hundred seventy-four and 
of beginning.

Southern line 
four inch by 

West, five 
Southern line of said 
3/10 feet to the place

40'

Courses all true variation of magnetic needle being 
Surveyed by Cozzens & Davies, Salinas, 17° 15' East. 

California, ’ March 1922
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EXHIBIT 6

MONTEREY REGIONAL WATER POLLUTION CONTROL AGENCY
ADDENDUM TO

ANNEXATION AGREEMENT AND GROUNDWATER MITIGATION FRAMEWORK
FOR

MARINA AREA LANDS

1. PURPOSE. The Parties to the Agreement and Framework 
agree with the Monterey Regional Water Pollution Control Agency 
("MRWPCA") that it is in the best interests of all of them and the 
persons they represent if the MRWPCA is also a party to the 
Agreement and Framework, with certain additional terms specific to 
the MRWPCA. If this Addendum is approved by the MRWPCA within one 
year of approval of the Agreement and Framework and this Addendum 
by the other Parties, this Addendum will become part of the 
Agreement and Framework, and the MRWPCA will be considered a party 
to the Agreement and Framework, effective from the date the 
Agreement and Framework and this Addendum are approved by the Board 
of Supervisors of the MCWRA.

2. MRWPCA. MRWPCA is a joint powers authority providing 
sewage treatment service to its member entities in Northern 
Monterey County, governed by its Board of Directors.

3. MRWPCA SUPPORT FOR ANNEXATION. MRWPCA is supporting the 
request for annexation contained in paragraph 4.1 of the Agreement 
and Framework to encourage reasonable and beneficial water reuse, 
and to help implement the MCWRA/MRWPCA Agreement, the MRWPCA 
Annexation Agreement, and the SVRP.

4. RESERVATION FOR MRWPCA. Armstrong shall reserve, for use 
by MRWPCA, the area shown diagrammatically on Exhibit "I" to this 
Addendum (hereinafter the "MRWPCA Reserved Area"), subject to the 
non-exclusive easements shown on Exhibit "I" to be reserved in 
favor of Armstrong and MCWD, which said reserved easements in favor 
of Armstrong and MCWD shall be for roads, utilities (including 
communications) , pipelines^ and any other purpose for which a road 
may be used, shall be freely assignable and usable by others, and 
not subject to surcharge.

4.1. Survey. The MRWPCA Reserved Area, which shall not 
exceed 10 acres, will be "field" surveyed at the expense of MRWPCA 
within one year following approval by the MCWRA Board of 
Supervisors of the annexation to the Zones of any of the lands 
described in Exhibit "C" to the Agreement and Framework.

MRWPCA will diligently undertake, and MCWD,Use.4.2.
City, MCWRA and Armstrong will cooperate in the planning and 
conduct of, the appropriate environmental review and application 
for appropriate permits to use the MRWPCA Reserved Area solely and

1124Q0\004\4D-MOA34.026:022096/34



exclusively as a buffer zone between the existing Regional 
subject to the a^tthe Armstror“? Ranch. Any additional use is
obtained, and any conveyance from Armstrong^to MRWPCA shall contain

JeStriC!i0nS °n such a<^ditional use in the form of a 
condition subsequent and a power of termination in favor of
Armstrong. Any attempt to condemn the power of termination shall 
be subject to the provisions of paragraph 6.10.3 as if it were a 
condemnation of fee title. were a

4.3.

MRWPCA Ar™ S rl9ht tC reoeive conveyance of the

4*4* Payment. Upon conveyance of the MRWPCA Reserved

^ ^ 4-5- Title. Upon receipt by Armstrong of written
rh2UM?wt>^a°S MCWD' Armstrong will forthwith convey all or part of 
the MRWPCA Reserved Area to MRWPCA by grant deed, free of any
financial encumbrances except taxes and assessments not delinguent 
but subject to all other encumbrances, and further subject to all 
laws, ordinances, regulations and rights of all governmental bodipcs 
having jurisdiction in, on or over the subject real orooertv as 
rhey may from time to time exist. ' * ‘ "

5. ATTACHMENT TO AGREEMENT AND FRAMEWORK: INCORPORATION nv 
^ when this Addendum is fully executed, it shall be

acoached to the Agreement and Framework as an integral part of the 
Agreement and Framework, and the provisions of Sections l, 2 
8, and 9 through 20, inclusive, and paragraphs 4.5, 5.6, 5.7 * and

S? Agreement and Framework are specifically incorporated 
xni-o tuxs Addendum hy irefeirence end shcilX epply to the teinns
°£ Addendum and as fully to MRWPCA as though MRWPCA had signed
the Agreement and Framework. A person duly authorized by MRWPCA 
places his or her initials here to indicate MRWPCA's specific 
agreement to the provisions of paragraph 6.10.3:

REFERENCE.

3,

Signature:

Printed Name and Title:

. «•

I2400\004V4D-MOA34.026:022096/J4 2



)STATE OF CALIFORNIA 
COUNTY OF MONTEREY ss.

, 1996/ before me, Ernestday of MarchOn this ................. ..................................
Morishita, Clerk of the Board of Supervisors, in and for said

County and State, personally appeared ______
known to me to be the Chairperson of said Board of Supervisors of.the 
County of Monterey, and known to me to be the person who executed the 
within instrument on behalf of said politic-? ■ subdivision, and acknow~ 
ledged to me that such County of Monterey executed the same.

2 6 th
K.

Edith Johnsen
t

\

ERNEST K. MORISHITA, Clerk of the 
Board of Supervisors of Monterey 
Cotfnt\\ State (of California

By r
Deputy Clerk



6. NOTICES.Agreement and Framework StaUbfSS.S' AddendU” and the '■■ '

as follows:
General Manager 
5 Harris Court, Building D 
Monterey, CA 
Phone No.:
Fax No.:

93940
(408) 372-3367 

(408) 372-6178

The address or fax number to which any notice or other writincr 
may be given or made or sent may be changed upon written notice 
given as provided in paragraph 12 of the Agreement and Framework.

7. administrator.Manager as its Administrat^

IN WITNESS WHEREOF, the Parties execute this Addendum as follows:

Dated: , 1996 MRWPCA

By
Keith Israel, Agency Director

Dated: Sl_4 . 1996 MONTEREY COUNTY WATER RESOURCES 
AGENCY

By , ____________
Edith Johnser}'?'7 ~~
Chair, Board of Supervisors

Dated: , 1996 MARINA COAST WATER DISTRICT

By
Thomas P. Moore
President, Board of Directors

By
Malcolm D. Crawford
Secretary, Board of Directors

Dated: , 1996

JAY MAX ARMSTRONG

12400\004\4D-MOA34.026:022096/34 3



6. NOTICES. Notices to MRWPCA under this Addendum and the 
Agreement and Framework shall be addressed as follows:

General Manager 
5 Harris Court, Building D 
Monterey, CA 
Phone No.:
Fax No.:

93940
(408) 372-3367 

(408) 372-6178

The address or fax number to which any notice or other writing 
may be given or made or sent may be changed upon written notice 
given as provided in paragraph 12 of the Agreement and Framework.

7. ADMINISTRATOR. MRWPCA hereby designates MRWPCA's General
Manager as its Administrator for this Agreement and Framework.

IN WITNESS WHEREOF, the Parties execute this Addendum as
follows:

Dated: , 1996 MRWPCA

By
Keith Israel, Agency Director

Dated: , 1996 MONTEREY COUNTY WATER RESOURCES 
AGENCY

By
Edith Johnsen
Chair, Board of Supervisors

Dated: , 1996 MARINA COAST WATER DISTRICT

By
Thomas P. Moore
President, Board of Directors

Malcolm D.Crawford Ji
Secretary, Board of Directors

By

Dated: , 1996

JAY MAX ARMSTRONG

3124OO\Q04V4D-MOA34.O26:O22O96/34



6. NOTICES. Notices to MRWPCA under this Addendum and the 
Agreement and Framework shall be addressed as follows:

General Manager 
5 Harris Court, Building D 
Monterey, CA 
Phone No,:
Fax No.:

The address or fax number to which any notice or other writing 
may be given or made or sent may be changed upon written notice 
given as provided in paragraph 12 of the Agreement and Framework.

_____ _______ MRWPCA hereby designates MRWPCA's General
Manager as its Administrator for this Agreement and Framework.

93940
(408) 372-3367 

(408) 372-6178

7. ADMINISTRATOR.

IN WITNESS WHEREOF, the Parties execute this Addendum as
follows:

Dated: , 1996 MRWPCA

By
Keith Israel, Agency Director

Dated: , 1996 MONTEREY COUNTY WATER RESOURCES 
AGENCY

By
Edith johnsen
Chair, Board of Supervisors

Dated: , 1996 MARINA COAST WATER DISTRICT

By
Thomas P. Moore
President, Board of Directors

By
Malcolm D. Crawford 
Secretary, Board of Directors

Dated: , 1996

&
MAX ARMSTRONG

12400\004\4D-MOA34.026:022096/34 3



Dated: THE SANDRA ARMSTRONG MURRAY 
REVOCABLE TRUST UTA dated March 7, 
1989

, 1996

y/VfCBy <7
DARRELL'' if. MURRAY rj T Trustee

THE LOIS AND CLYDE JOHNSON, JR. , 
1989 IRREVOCABLE TRUST

Dated: , 1996

By
CLYDE W. JOHNSON III , Trustee

Dated: , 1996 THE JOHNSON FAMILY REVOCABLE LIVING 
TRUST UTA dated November 29, 1989

By
CLYDE W. JOHNSON III , Trustee

Dated: , 1996

CLYDE W. JOHNSON III

Dated: , 1996

EDWIN A. JOHNSON

7 ^7 , 1996Dated: •r7 7

A. ARMSTRONG IFo:
Dated: , 1996

SUSANNE IRVINE ARMSTRONG

kn. J. 9 , 1996Dated: CM.’ V
C

^jbMES IRVINE ARMSTRONG, JR.

412400N004\4D-MOA34.026:022096/34



\

Dated: , 1996 THE SANDRA ARMSTRONG MURRAY 
REVOCABLE TRUST UTA dated March 7 
1989

By
DARRELL L. MURRAY , Trustee

Dated: , 1996 THE LOIS AND CLYDE JOHNSON, 
1989 IRREVOCABLE TRUST

'j-/a

CLYDE W. >JdHNSON III^ , Trustee
CS

if- fDated: , 1996 THE JOHNSON FAMILY REVOCABLE LIVING 
TRUST UTA dated November 29, 1989

CLYDE W. JOHNSON IIT•T»

; Trustee

<y- v" .Dated: 1996
/

JOHNSON' HI
Dated: 1996

■

r johItsk^EDWIN A
Dated: , 1996

7 /

OHn/A. ARMSTRONG IF
Dated: , 1996

SUSANNE IRVINE ARMSTRONG

ho> J. 9 1996Dated: £XSl ,

<
■njS^u l

^fAMES IRVINE ARMSTRONG, JR.

I2400\004WI>-MOA34.026:022096/34 4



THE SANDRA ARMSTRONG MURRAY 
REVOCABLE TRUST UTA dated March 7, 
1989

Dated: , 1996

By
, TrusteeDARRELL L. MURRAY

THE LOIS AND CLYDE JOHNSON, JR., 
1989 IRREVOCABLE TRUST

, 1996Dated:

By
, TrusteeCLYDE W. JOHNSON III

THE JOHNSON FAMILY REVOCABLE LIVING 
TRUST UTA dated November 29, 1989

, 1996Dated:,

By
CLYDE W. JOHNSON ITT , Trustee

Dated: , 1996

CLYDE W. JOHNSON IIIi

, 1996Dated:

EDWIN A. JOHNSON

^ 7 , 1996Dated:
7* //!

A. ARMSTRONG IYo:
, 1996Dated:

SUSANNE IRVINE ARMSTRONG

hi, J.9 . 1996Dated: am.

4124(X)\0O4\4D-MOA34,026:022096/34



t

SUSANNE IRVINE ARMSTRONG, JAMES 
IRVINE ARMSTRONG, JR.,
ARMSTRONG II, as Trustees of the 
Trust for the benefit of MARY JANET 
ARMSTRONG WEBER as set forth in the 
Order Settling Report of Trustees 
due to the death of Lois Armstrong, 
etc., in the Estate of Irvine 
Armstrong, also known as James 
Irvine Armstrong, Deceased, 
recorded January 4, 1988, in Reel 
2191, Official Records of Monterey 
County at page 643 therein 
(hereinafter referred to as the 
"Mary Janet Armstrong Weber Trust")

and JOHN A.

rbuu, 1996
-NNE IRVINE ARMSTRONG . Tru 'e

Dated: 1996 By
. ARMSTRONG , Trustee

Dated: , 1996 Bi
JAMES IRVINE ARMSTRONG, JR.,

THE 1990 ARMSTRONG FAMILY~TRUST 
established by Declaration dated 
July 2, 1990

tee
Dated: , 1996

By
Walter J. McCullough

By
Elizabeth S. Armstrong

RMC LONESTAR, a California general 
partnership

Dated: , 1996

By
Dated: , 1996 CITY OF MARINA

By
James L. Vocelka, Mayor

12400\0<M\4D-MOA34.026:022OWM 5



SUSANNE IRVINE ARMSTRONG, JAMES 
IRVINE ARMSTRONG, JR., and JOHN A. 
ARMSTRONG II, as Trustees of the 
Trust for the benefit of MARY JANET 
ARMSTRONG WEBER as set forth in the 
Order Settling Report of Trustees 
due to the death of Lois Armstrong, 
etc., in the Estate of Irvine 
Armstrong, also known as James 
Irvine Armstrong, Deceased, 
recorded January 4, 1988, in Reel 
2191, Official Records of Monterey 
County at page 643 therein 
(hereinafter referred to as the 
"Mary Janet Armstrong Weber Trust")

, 1996Dated: By
SUSANNE IRVINE ARMSTRONG , Trustee

A. ARMSTRONG Trustee "
. 1996Dated: By7

: h)0A. ?9 , 1996Dated: i
S IRVINE ARMSTRONG, JR., Trustee

Dated: THE 1990 ARMSTRONG FAMILY TRUST 
established by Declaration dated 
July 2, 1990

, 1996

By
Walter J. McCullough

By
Elizabeth S. Armstrong

RMC LONESTAR, a California general 
partnership

Dated: , 1996

By

Dated: CITY OF MARINA, 1996

By
James L. Vocelka, Mayor

512400\0CM\4D-MOA34.026:022096/34



SUSANNE IRVINE ARMSTRONG, JAMES 
IRVINE ARMSTRONG, JR., and JOHN A. 
ARMSTRONG II, as Trustees of the 
Trust for the benefit of MARY JANET 
ARMSTRONG WEBER as set forth in the 
Order Settling Report of Trustees 
due to the death of Lois Armstrong, 
etc., in the Estate of Irvine 
Armstrong, also known as James 
Irvine Armstrong, Deceased, 
recorded January 4, 1988, in Reel 
2191, Official Records of Monterey 
County at page 643 therein 
(hereinafter referred to as the 
"Mary Janet Armstrong Weber Trust")

Dated: , 1996 By
SUSANNE IRVINE ARMSTRONG , Trustee

3HM A. ARMSTRONG JSjf, Trustee
■ -Dated: 1996 By

/
//

Dated: , 1996 Bi £ 9

'rj^stee:s IRVINE ARMSTRONG, JR.,

Dated: , 1996 THE 1990 ARMSTRONG FAMILY TRUST 
established by Declaration dated 
July 2, 90

"By Waltejr J. McCullough

By
Elizabeth S. Armstrong 7

Dated: RMC LONESTAR, a California general 
partnership

, 1996

By

Dated: , 1996 CITY OF MARINA

By
James L. Vocelka, Mayor

' 512400\0MMD-MOA34,026:022096/34



Dated: , 1996 SUSANNE IRVINE ARMSTRONG, JAMES 
IRVINE ARMSTRONG, JR., and JOHN A. 
ARMSTRONG II, as Trustees of the 
Trust for the benefit of MARY JANET 
ARMSTRONG WEBER as set forth in the 
Order Settling Report of Trustees 
due to the death of Lois Armstrong, 
etc., in the Estate of Irvine 
Armstrong, also known as James 
Irvine Armstrong, Deceased, 
recorded January 4, 1988, in Reel 
2191, Official Records of Monterey 
County at page 643 therein 
(hereinafter referred to as the 
"Mary Janet Armstrong Weber Trust")

By
, Trustee

Dated: , 1996

JAMES IRVINE ARMSTRONG, JR.
Dated: , 1996 THE 1990 ARMSTRONG FAMILY TRUST 

established by Declaration dated 
July 2, 1990

By
Walter J. McCullough

By
Elizabeth S. Armstrong

RMC LONESTAR, a California general 
partnership

, 1996

By 7
Dated: , 1996 CITY OF MARINA

By
James L. Vocelka, Mayor

512400\CX)4\4D-MOA34.026:022096/34



Dated: , 1996 SUSANNE IRVINE ARMSTRONG, JAMES 
IRVINE ARMSTRONG, JR., and JOHN A. 
ARMSTRONG II, as Trustees of the 
Trust for the benefit of MARY JANET 
ARMSTRONG WEBER as set forth in the 
Order Settling Report of Trustees 
due to the death of Lois Armstrong, 
etc., in the Estate of Irvine 
Armstrong, also known as James 
Irvine Armstrong, Deceased, 
recorded January 4, 1988, in Reel 
2191, Official Records of Monterey 
County at page 643 therein 
(hereinafter referred to as the 
"Mary Janet Armstrong Weber Trust")

By
, Trustee

Dated: , 1996

JAMES IRVINE ARMSTRONG, JR.

THE 1990 ARMSTRONG FAMILY TRUST 
established by Declaration dated 
July 2, 1990

Dated: , 1996

By
Walter J. McCullough

By
Elizabeth S. Armstrong

RMC LONESTAR, a California general 
partnership

Dated: , 1996

By
Dated: , 1996 CITY OF IMA

mBy
Jajnes 'L. Vocelka, Mayor

12400\004\4D-MOA34.026:022096/34 5



APPROVED AS TO FORM!

Dated: , 1996

WILLIAM K. RENTZ 
Deputy County Counsel 
County /■"

erey

Dated: NOLAND, HAMERLY, ETIENNE & HOSS 
A Professional Corporation

, 1996

By
Lloyd W. Lowrey, Jr.
Legal Counsel for MARINA COAST 
WATER DISTRICT

Dated: , 1996

ROBERT R. WELLINGTON
Legal Counsel for CITY OF MARINA

Dated: , 1996

ROBERT R. WELLINGTON 
Legal Counsel for MRWPCA

THOMPSON, HUBBARD AND OMETER 
A Law Corporation

Dated: , 1996

By
Donald G. Hubbard
Legal Counsel for J.G. ARMSTRONG
FAMILY MEMBERS

PILLSBURY, MADISON AND SUTRODated: , 1996

By
Thomas P. O'Donnell
Legal Counsel for RMC LONESTAR

612400\004V4D-MOA34,026:022096/34



APPROVED AS TO FORM;

Dated: , 1996

WILLIAM K. RENTZ ~ ~ '
Deputy County Counsel, Monterey 
County 1

Dated: 1996 NOLAND, HAMERLY, ETIENNE & HOSS 
A Professional Corporation

Lloyd^^. Lo^ey^*=Jr7' ~

Legal Counsel 
WATER DISTRICT

By

for MARINA COASTX

Dated: , 1996

ROBERT R. WELLINGTON
Legal Counsel for CITY OF marina

Dated: , 1996

ROBERT R» WELLINGTON 
Legal Counsel for MRWPCA

Dated: , 1996 THOMPSON, HUBBARD AND OMETER 
A Law Corporation

By
Donald G. Hubbard 
Legal Counsel for J.G. 
FAMILY MEMBERS ARMSTRONG

Dated: , 1996 PILLSBURY, MADISON AND SUTRO

By _
Thomas P. O'Donnell- ~
Legal Counsel for EMC LONESTAR

12400\004\4D-MOA34.026:022096/34 6



APPROVED AS TO FORM:

Dated: , 1996

WILLIAM K. RENTZ
Deputy County Counsel, Monterey
County

Dated: , 1996 NOLAND, HAMERLY, ETIENNE & HOSS 
A Professional Corporation

By
Lloyd W. Lowrey, Jr.
Legal Counsel for MARINA COAST 
WATER DISTRICT

3l°\ , 1996Dated:

dJ: (l. U )jdiV
ROBERT R. WELLINGTON 
Legal Counsel for CITY OfMaRINA

7

5-1Dated: , 1996

ROBERT R. WELLINGTON i. 
Legal Counsel for MRWPCA

Dated: , 1996 THOMPSON, HUBBARD AND OMETER 
A Law Corporation

By
Donald G. Hubbard
Legal Counsel for J.G. ARMSTRONG
FAMILY MEMBERS

Dated: , 1996 PILLSBURY, MADISON AND SUTRO

By
Thomas P. O'Donnell
Legal Counsel for RMC LONESTAR

612400\004\4D-MOA34.026:022096/34



APPROVED AS TO FORMS

Dated: , 1996

WILLIAM K. RENTZ
Deputy County Counsel, Monterey
County

Dated: , 1996 NOLAND, HAMERLY, ETIENNE & HOSS 
A Professional Corporation

By
Lloyd W. Lowroy, Jr.
Legal Counsel for MARINA COAST 
WATER DISTRICT

Dated: , 1996

ROBERT R. WELLINGTON
Legal Counsel for CITY OF MARINA

Dated: , 1996

ROBERT R. WELLINGTON 
Legal Counsel for MRWPCA

Dated: /HMcM 2. <9 , 1996 THOMPSON, HUBBARD AND OMETER 
A Law Corporation S

By
Donald G. Hubbard
Legal Counsel'for J.G. ARMSTRONG
FAMILY MEMBERS

Dated: , 1996 PILLSBURY, MADISON AND SUTRO

By
Thomas P. O'Donnell
Legal Counsel for RMC LONESTAR

I24O0\004\4D-MOA34.026:022096/34 6



APPROVED AS TO FORM:

Dated: , 1996

WILLIAM K. RENTZ
Deputy County Counsel, Monterey
County

Dated: , 1996 NOLAND, HAMERLY, ETIENNE & HOSS 
A Professional Corporation

By
Lloyd W. Lowrey, Jr.
Legal Counsel for MARINA COAST 
WATER DISTRICT

Dated: , 1996

ROBERT R. WELLINGTON
Legal Counsel for CITY OF MARINA

Dated: , 1996

ROBERT R. WELLINGTON 
Legal Counsel for MRWPCA

Dated: , 1996 THOMPSON, HUBBARD AND OMETER 
A Law Corporation

By
Donald G. Hubbard
Legal Counsel for J.G. ARMSTRONG
FAMILY MEMBERS

PLLLS-BURY7 -MAQUSON-’ANB—&UTR: %. S/fise-c/ G,Dated: 1996

By
Thoxn&s—Pt^O1 Donnell
Legal Counsel for RMC LONESTAR

6124 OOUX)4\4D-MOA34.026:022096/34



CO o S' P3 CO 9? S
' n> CD CD *3 < -< a -< -3

DA
TE

: 
2/

27
/9

6 
d

r
a

w
n
 r

y
- 

f 
iu.



CALIFORNIA ALL-PURPOSE ACKNOWLEDGMENT

1e-rI11 CALIFORNIAState ofv)) 8s0 sMONTEREY1 County of
before me, *SONIA L. ANGELO, NOTARY PUBLIC* *

Name and Title o( Officer (e.g.. "Jane Doe, Notary Public")
On 04-12-96! Date fi

* * * * * *TH0MAS P. MOORE* * * * * *personally appeared
□ personally known to me - OR - K1 proved to me on the basis of satisfactory evidence to be the person(Sj

whose name(E[ is/sKp subscribed to the within instrument 
and acknowledged to me that he/sb®ftl?ey executed the

GName(s) of Signers) Iy
t\
a’o same in his/h^r/tt^lr authorized capacity^}, and that by 

his/f^r/th^r signaturefp^on the instrument the person^, 
or the entity upon behalf of which the person^ acted, 
executed the instrument.

WITNESS my hand and official seal.

ss
s

ac&. SONIA L. ANGELO
Comm. 1 1087856 ia 

aqpM notary public-California jh
3Sw] MonwtV County

My Comm, tupitts ftb. 16.2000 ^

8
A(f)$g !

> nUc^c[) VL.I\A Signature of Notary Public'’
(\

OPTIONAL
Though the information below is not required by law, it may prove valuable to persons relying on the document and could prevent 

traudulent removal and reattachment ol this iurm lu another document. I
0 Description of Attached Documentv
0 Title nr Tuna nf Pont imant-ANNEXATION AGREEMENT AND GROUNDSWATER MITIGATION FRAMEWORK FOR 

y MARINA AREA LANDS tv
Number of Paaes:27 w/ EXH A-F

t•:>
Document Date: APRIL 12, 1996A)

if
Signer(s) Other Than Named Above: NONE

Capacity(ies) Claimed by Signer(s)
THOMAS P MOORE

a

ssSigner’s Name:Signer’s Name: ss□ Individual
□ Corporate Officer

Title(s):_____________________
□ Partner — □ Limited □ General
□ Attorney-in-Fact
□ Trustee
□ Guardian or Conservator
□ Other: _______________

□ Individual
BI Corporate Officer

Title(s): PRESIDENT, BOARD OF DIRECTORS
□ Partner — □ Limited □ General
□ Attorney-in-Fact
□ Trustee
□ Guardian or Conservator
□ Other: ______________

ssssssiRIGHT THUMBPRINT 
OF SIGNER X'Top ol thumb here 8Top of thumb here

»
SSigner Is Representing:Signer Is Representing: 8

MARINA WATER COAST DISTRICT

?3S£32g?3S2333333£S33SS3iJ
Reorder: Call Toll-Free t-800-876-6827Prod. No. 5907© 1994 National Notary Association * 8236 Remmet Ave., P.O. Bok 7184 • Canoga ParK CA 91309-7184



CALIFORNIA ALL-PURPOSE ACKNOWLEDGMENT

3I State of CALIFORNIA

I County Of MONTEREY

a On April 17- lqqfi before me, * *SONIA L. ANGELO, NOTARY PUBLIC* *
Dateu Name and Title ot Officer (e.g., *Jane Doe, Notary Public")

U. * *MALCOLM D. CRAWFORD* ******personally appeared
u Name(s) of Signer(s)

□ personally known to me - OR -Sproved to me on the basis of satisfactory evidence to be the person^
whose name^s/sp&subscribed to the within instrument 
and acknowledged to me that he/s#e/tb«y executed the 
same in his/ijStftj^SH1 authorized capacity(i^f, and that by 
his/t^k/tlVir signature^) on the instrument the person^, 
or the entity upon behalf of which the personf^) acted, 
executed the instrument.

$

SONIA L. ANGELO
Comm. # 1087S56

S NOTARY PUBLIC-CALIFORNIA w
-- vysrrfW/ Momeiey County — 
^ My Comm. Expitts Feb. 16,2000 J.

WITNESS my hand and official seal.vk' A'
I

Vy kSjaOAieTreof Ni PublicX
OPTIONAL

Though the information below is not required by law, it may prove valuable to persons relying on the document and could prevent 
fraudulent removal and reattachment of this form to another document.

• -VOI I)Description of Attached Document tu
tft tTitle or Type of Document; ANNEXATION AGREEMENT AND GROUNDSWATER MITIGATION 

Document Date: APRIL 17, 1996

t FRAMEWORK FOR,'ft MARINA AREA LANDS 8_ Number of Pages: 27 w/EXH A-Fuf
Signer(s) Other Than Named Above: NONE
Capacity(ies) Claimed by Signer(s)
Signer’s Name: MALCOLM D. CRAWFORD

i
fSigner’s Name:

□ Individual
G£ Corporate Officer

Title(s): SECRETARY, BOARD OF DIRECTORS
□ Partner — □ Limited □ General
□ Attorney-in-Fact
□ Trustee
□ Guardian or Conservator
□ Other: _____________

□ Individual
□ Corporate Officer

Title(s):__________________ _
□ Partner —□ Limited □ General
□ Attorney-in-Fact
□ Trustee
□ Guardian or Conservator
□ Other: _______

RIGHT THUMBPRINT 
OF SIGNER EJgjI Jjjgj

Top of thumb here Top of thumb here

Signer Is Representing: Signer Is Representing:
MARINA WATER COAST DISTRICT ;/S'

O 1994 National Notary Association • 8236 Rommel Avo., P.O. Box 7164 . Canoga Park, CA91309-71B4 p,«j. No. 6907 Reorder: Call Toll-Free t >800-876-6827



CALIFORNIA ALL-PURPOSE ACKNOWLEDGMENT

11) CALIFORNIAState of3-0
3 MONTEREYCounty of

* *SONIA L. ANGELO, NOTARY PUBLIC* * * *_ before me,On APRIL 12, 1996VV Name and Title of Officer (e.g., “Jane Doe, Notary Public'}Date
* *THOMAS P. MOORE* ******V; personally appeared

□ personally known to me - OR -Sproved to me on the basis of satisfactory evidence to be the person(&)
whose name(£) is/3fe~subscribed to the within instrument 
and acknowledged to me that he/sjsp/they executed the 
same in his/h>tZihefr-authorized capacitydss}, and that by 
his/Ner/tb6ir signature^) on the instrument the person^, 
or the entity upon behalf of which the person(&acted, 
executed the instrument.

ij Name(s) of Signer(s)

r;
0

0
fr SONIA L. ANGELO 

i Comm. # 108785-6 
I NOTARY PUBLIC - CALIFORNIA VI 

Monterey County “ 
My Comm. Expires feb. 16,2000

WITNESS my hand and official seal.<
t \

(f)$&■)

$•j
\ i 6ignoiU(o of^kotary Pubifi

:) OPTIONAL
Though the Information below is not required by law, it may prove valuable to persons relying on the document and could prevent 

fraudulent removal and reattachment of this form to another document.
■ ))
r-.t

Description of Attached Document
EXHIBIT G

^NeSiVaSeMENT MDTGSraOTSERAMITllTIONL™EWoSNFORLM^?NA AREAL LANDS 

Document Date: APRIL 12, 1996 _________ _ Number of Pages:

, r

SIX

NONESigner(s) Other Than Named Above:
Capacity(ies) Claimed by Signer(s)

Signer’s Name: THOMAS P. MOORE Signer’s Name:
□ Individual
□ Corporate Officer

Title(s): ___________________
□ Partner — □ Limited □ General
□ Attorney-in-Fact
□ Trustee
□ Guardian or Conservator
□ Other: _____________

□ Individual
XK1 Corporate Officer

Title(s): PRESIDENT, BOARD OF DIRECTORS
□ Partner — □ Limited □ General
□ Attorney-in-Fact
□ Trustee
□ Guardian or Conservator
□ Other: _____________

RIGHT THUMBPRINT 
OF SIGNERRIGHT THUMBPRINT 

OF SIGNER Top of thumb hereTop of thumb here

Signer Is Representing:Signer Is Representing:
MARINA COAST WATER DISTRICT

Reorder Call Toll-Free 1-BOO-876-682?Prod. No, 5907Q 1994 National Notary Association • 8236 Remmet Ave., P.O. Box 7184 • Canoga Parfc, CA 91309-7184



CALIFORNIA ALL-PURPOSE ACKNOWLEDGMENT

0.C\o State of CALIFORNIA
(V

\s County of MONTEREYy-
':> On 04-17-96 before me.*SONIA L. ANGELO, NOTARY PUBLIC* * *(ft Date Name and Title of Officer (e.g., “Jane Doe, Notary Public")

* * *MALCOLM D. CRAWFORD* ******personally appeared
Name(s) ol Signer(s)

□ personally known to me - OR -XJproved to me on the basis of satisfactory evidence to be the person^
whose name(j^4s/Q«dIsubscribed to the within instrument 
and acknowledged to me that he/^$tl>4y executed the 
same in his/D6r/l#6ir authorized capacity {Jas^and that by 
his/hVc/th^fr signature^ on the instrument the person)^, 
or the entity upon behalf of which the person^ acted, 
executed the instrument.
WITNESS my hand and official seal.

\0

fSONIA L. ANGELO J-
Comm. f 1087&56 »»

NOTARY PUBLIC-CALIFORNIA UJ

\
t mwM10\ U'lk^nrClDoi, dVt
n

tSignature of Notjfl»^ublict*
\\ OPTIONAL &Though the information below is not required by law, it may prove valuable to persons relying on the document and could prevent 

fraudulent removal and reattachment of this form to another document.
{'i:,
aDescription of Attached Document

EXHIBIT G
0j (V

(\Title or Type of Document:MONTEREY REGIONAL WATER POLLUTION CONTROL AGENCY ADDENDUM TO 
ANNEXATION AGREEMENT AND GROUNDWATER MITIGATION FRAMEWORK FOR MARINA AREA LANDS 
Document Date: APRIL 17, 1996

ft(0r- Number of Pages: 6- v

ftSigner(s) Other Than Named Above: NONE
Capacity(ies) Claimed by Signer(s)
Signer’s Name: MALCOLM D. CRAWFORD

r

Signer’s Name:
□ individual
?? Corporate Officer

Title(s): SECRETARY, BOARD OF DIRECTORS
□ Partner — □ Limited □ General
□ Attomey-in-Fact
□ Trustee
□ Guardian or Conservator
□ Other: ___________

□ individual
□ Corporate Officer

Title(s):______________ __
□ Partner — □ Limited □ General
□ Attorney-in-Fact
□ Trustee
□ Guardian or Conservator
□ Other: _____________

RIGHT THUMBPRINT 
OF SIGNER-Top of thumb here Top of thumb here

Signer Is Representing:
MARINA COAST WATER DISTRICT

Signer Is Representing:

A

sX
O 1994 National Notary Association • 8236 Remmel Ave., P.O. Box 7184 • Canoga Parit, CA 91309-7164 Prod. No. 5907 Reorder Call Toll-Free 1-800-876-6827



ACKNOWLEDGMENT

iMC\ V\mmSTATE OF
: ss.
)COUNTY OF

___, 1996 , before me, U\)l „( . y|T7a.La 4_______________ ,
duly commissioned and sworn, personally appeared

On
a Nothry Public, 
JAY MAX ARMSTRONG

□ personally known to me, or

s£^' proved to me on the basis of satisfactory evidence

to be the person whose name is subscribed to the within instrument and 
acknowledged to me that he executed the same in his authorized 
capacity, and that by his signature on the instrument, the person, or 
the entity upon behalf of which the person acted, executed the same.

WITNESS my hand and official seal.
OFFICIAL SEAL

'' hLUPE ESTRADA
;nc-tary pwuc-state of new Mexico

V,’

(Seal}viz-TTyT MySignature ~>commission expires:.



ACKNOWLEDGMENT

til k)6?
STATE OF )

: SS .COUNTY OF )

SANDRA G. HARVEYOn , 1996, before me,
a Notaiy Public, duly commissioned and 
DARRELL L. MURRAY personally appearedsworn
/

personally known to me, or

proved to me on the basis of satisfactory evidence□

to be the person whose name is subscribed to the within instrument and 
acknowledged to me that he executed the same in his authorized 
capacity, and that by his signature on the instrument, the person or 
the entity upon behalf of which the person acted, executed the same.

WITNESS my hand and official seal.

\ PUBV&

'if? WAbU'tc*'
hUvv%v'v

'~71m kA-
C n f-rri rifnv'r. OxtjUU L. U.J. {Seal}



ACKNOWLEDGMENT

STATE OF CALIFORNIA
: SS .

(J42AaJ ^, /9^Co 1996, before me, ________ j7_____________
a Notary Public, duly commissioned andsworn, personally appeared 
CLYDE W. JOHNSON III

COUNTY OF

M- V/2-On

□ personally known to me, or 

'S*/ proved to me on the basis of satisfactory evidence

to be the person whose name is subscribed to the within instrument and
that he executed the same in his authorizedacknowledged to me 

capacity, and that by his signature on the instrument, the person, or 
the entity upon behalf of which the person acted, executed the same.

WITNESS my hand and official seal.

I U.N- PERS2 &
KOTiA i.uHax.ALFOfiNIA 

M^V1- --CfCO COUNT/Wui/ iVIY COiviiMSS'CM SPIRES -
SSi"/ SEPAoiGE* ?, 1996 ■(

^ .u u. .ri-W}

*nV >%/ o
{Seal}Signatun



ACKNOWLEDGMENT

STATE OF CALIFORNIA

5 d

)
: SS .COUNTY OF )

On ---- , 1996, before me,
duly commissioned anda Notary Public, 

EDWIN A. JOHNSON personally appearedsworn,

□ personally known to me, or
yC proved to me on the basis of satisfactory evidence 

to be the person whose, , , name is subscribed to the within instrument and
capacitj gand tha^h ^ hG executed Lhe same in his authorized 
, , £ <7-1 and th,at, hls S19nature on the instrument, the person or 
the. entity upon behalf of which the person acted, executed the same.
WITNESS my hand and official seal. r:i LUPt m. FERE2 SCOMM. -*3729*6 nNOTARY =URUC-C,U!'rOPV|A Q

FwZ&Z'i w Fpesi.-o tou.'ip' nV Y^'wV m C0M>.;i.r\n>.. expires -1 S£-ui,n V ,0^" /jg_al ,
U

Signature , /'
1/



ACKNOWLEDGMENT

STATE OF CALIFORNIA )
ss .

COUNTY OF MONTEREY

On March 29 
a Notary Public, 
JOHN A. ARMSTRONG II

1996, before me
duly commissioned and sworn, personally appeared

Jeannine L. Kreider

& personally known to me, or

□ ■ proved to me on the basis of satisfactory evidence

to be the person whose name is subscribed to the within instrument and 
acknowledged to me that he executed the same in his authorized 
capacity, and that by his signature on the instrument, the person, or 
the entity upon behalf of which the person acted, executed the same.

WITNESS my hand and official seal.

{Seal}ature

V
f** Jeannine L. Kretdert

Comm. #1090740
» <iffaiDNOTARv pueuc. California*' 
'*?*'W7 MONTEREY COUNTY 0

Comm. Exp. March 17 2000 r1

u&a
2



ACKNOWL ED GHENT

STATE OF CALIFORNIA
: ss.COUNTY OF MONTEREY )

On March 29,
a Notary Public, duly commissioned 
IRVINE ARMSTRONG, JR.

personally known to

1996, before me _____ Jeannine L. Kreider
and sworn, personally appeared JAMES

X me, or
□ proved to me on the basis of satisfactory evidence
to be the person whose 
acknowledged to name is subscribed to the within instrument
capacity, and that by’his signa^ur?^ *** ^
the entity upon behalf of which

and
m his authorized 

the person, or 
executed the same.

me
on the instrument, 

the person acted,
WITNESS my hand and official seal.

CSignature
(Seal)

!T Jeannine L. Kreider
Corrifn *1090740 a 

UUfr?* ^^unNOTARY PU81JC - CALIFORNIA*" 
7J WOfTEREY COUNTY 0
S Comm. 6xp. March 17 2000-*2

1



ACKNOWLEDGMENT

)STATE OF CALIFORNIA
ss .

Vole? )COUNTY OF

\4.{xra- K LQ&. I \LerAf)ril Ar_______________, 1996, before me,
a Notary Public, duly commissioned and sworn, personally appeared 
SUSANNE IRVINE ARMSTRONG

On

personally known to me, or

proved to me on the basis of satisfactory evidence

to be the person whose name is subscribed to the within instrument and 
acknowledged to me that she executed the same in her authorized 
capacity, and that by her signature on the instrument, the person, or 
the entity upon behalf of which the person acted, executed the same.

WITNESS my hand and official seal.

□

{Seal}Signature

KARaTcTwALKERs-
Comm. #992609 

NOTARY PUBLIC • CALIFORNIA 
YOLO COUNTY

Comm. Exptrtt Apd 23, 1W7 J*

o
CvJff* 05j to*



ACKNOWL ED GHENT

STATE OF CALIFORNIA
: SS .

COUNTY OF //i /? j., f£ •y' )

2On before me,
a Notary Public, duly commissioned and 
Walter j. McCullough

1996, ' j I? 4 X
personally appearedsworn,

B""" personally known to me, or

proved to me on the basis of satisfactory evidence

to be the person whose name is subscribed to the within instrument and 
acknowledged to me that he executed the same in his authorized 
capacity, and that by his signature on the instrument, the person or 
the entity upon behalf of which the person acted, executed the same.

WITNESS my hand and official seal.

□

/
V

vV -u-i
Signature {Seal}/

luuftnivj. f IUJ^)93 
Notary Pub/ic-Caffiomia

H'Cora)n.nE^|"io.199S V



ACKNOWLEDGMENT

STATE OF CALIFORNIA
ss .

COUNTY OF /A# 7c qc V )

/sL't A- CO.LOn At /-iy , 1996, before me, 
a Notary Public, duly commissioned and sworn 
ELIZABETH S. ARMSTRONG

personally appeared

ET"" personally known to me, or
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