




draft work products

how the technical 
work informs the GSP

suggest data or other considerations 

TAC/GSA members can 
discuss and share with community stakeholders
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Chronic Lowering of Water Levels

Reduction of Groundwater Storage

Degradation of Water Quality

Land subsidence affecting land use

Depletion of Interconnected Surface Water affecting beneficial use

If a sustainability indicator is determined to be significant 
and unreasonable , then it is an Undesirable Result



Rate of groundwater elevation decline based on historical trends, water year 
type, and projected water use in the basin 

Sustainable yield, calculated based on historical trends, water year type, and 
projected water use in the basin

Number of supply wells, volume of water, or location of an isocontour
exceeding constituents of concern, considering state and federal standards

Rate and extent of subsidence that interferes with surface land use supported 
by identification of land/property interests affected or likely to be affected.

Depletion that has adverse impacts on beneficial use of surface water 
supported by the location, quantity, and timing of depletions; assumes use of 
a numerical model or equally effective method or tool.



Consider beneficial uses of wells; problems during the recent 
drought? Historic low levels?

Develop operational range of storage, with an emergency supply

Title 22, basin plan objectives, GAMA, GeoTracker, CV-Salts/ILP; 
also consider naturally-occurring constituents

Subsidence does not currently interfere with land uses; evaluate 
texture data for future susceptibility

Interconnected Surface Water and Groundwater Dependent 
Ecosystems (GDEs) –model gaining and losing reaches on rivers; 
support with other analyses (e.g., temperature data)



Minimum water level at representative monitoring points

Volume of supply in storage; water levels as a proxy

Poor water quality spatially or at depth? Possible water levels 
as a proxy?

Land subsidence – water levels as a proxy

GDEs downstream? Possible water levels as a proxy?

Highlights the need for a robust water level monitoring network



What are the Institutional and Water Supply Conditions?





• 106,091



• 235,676 acres 
Irrigated Agriculture 
(68% basin)

• 17,463 acres Urban 
(5% basin)

• 95,048 acres Non-
irrigated Agriculture 
and  Undeveloped 
(27% basin) (includes 
surface water, i.e., 
Turlock Lake)

Source: Merced and Stanislaus County Land Use Datasets





Source: DWR Well Completion Report Map Application



Source: DWR Well Completion Report Map Application



Source: DWR Well Completion Report Map Application



• Indication of domestic 
wells that went dry 
during the drought

• Sustainability analysis 
considers impacts to 
beneficial uses of wells

• Constraints on basin 
operation if pumps are 
shallow

• Possible GSP 
strategies for assisting 
domestic supply?

Information pending from 
Stanislaus County





Hughson



• Hydrogeologic Conceptual Model (HCM)

• Groundwater Conditions

• Water Budget Analysis

• Historical and Current periods

• Uses groundwater model

BASIN
SETTING

HCM Water 
BudgetGW

Conditions



What does the groundwater basin look like?



What are the current and historical groundwater conditions?



• NOAA Site 049073 
(Jan 1990-July 2002)

• CIMIS Denair (#168) 
and Denair II (#206) 
(August 2002-present)

• DWR Water Year 
Classification for San 
Joaquin Valley



• Data from PRISM, 30-
year average 

• Ranges from 11 to 16 
inches per year

• Precipitation data used 
in C2VSim
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Corcoran Clay

Source: USGS

• Paleo Lake Deposits - Regional Aquitard
• Much of the deformation is below the top of the clay (confined aquifer)
• Clay compaction is very slow and subsidence continues for a long time, 

even after water levels rise





The presence of vegetation does not 
necessarily indicate a GDE



Texture Data and Cross Section Transects

A

B

A’

C’
B’

C

USGS Texture Data 
(~1,900 wells in basin)

USGS Corcoran 
Clay Extent 
(Burow et al., 2004)



A

A’

53 wells (including two geophysical logs in City of Turlock)

end of section, 
as shown



A-A’

Coordinating with Wood 
Rodgers to the east

West East

Corcoran Clay
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GSA Boundary

Subbasin Boundary

? • Corcoran Clay: dips to west, thickness 20-80 ft (agrees with USGS)
• Mehrten black sands: dip from east to west
• Wells: below and at edge of Corcoran, within Mehrten black sands DRAFT WORKING SECTION



B

B’

57 wells (including two geophysical logs in Delhi)



North SouthB-B’

Corcoran Clay
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• Corcoran Clay: evident in southern half of section, interfingers with coarse material near Merced River
• Mehrten: evident in northern section (shallow due to outcrop to east)
• Wells: most screened in thick sands below Corcoran, high density at edge of Corcoran

DRAFT 
WORKING SECTION

?



C

C’

37 wells (including on geophysical log in Ceres)



North South
C-C’

Corcoran Clay
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• Corcoran Clay: evident throughout section, undulates (appears more dramatic because of vertical exaggeration)
• Mehrten: not evident, likely at about -500 ft msl
• Thick and extensive coarse deposits above Corcoran Clay
• Wells: most are shallow, screened above Corcoran Clay

Tuolumne 
River

Merced
River

DRAFT WORKING SECTION



Model Layers of C2VSim Model

L1
A2

L2

L3

L4

• L1: Unconfined aquifer
• A2: Corcoran Clay
• L2: Primary shallow 

pumping layer
• L3: Deeper pumping 

layer (bottom of layer 
is the base of fresh 
water)

• L4: Saline aquifer 
(bottom of layer is the 
base of continental 
deposits)

base of fresh water



label model layers

Unconfined aquifer

Corcoran Clay

Primary shallow 
pumping layer

Deeper pumping layer

A-A’



label model layers

Unconfined aquifer

Corcoran Clay

Primary shallow 
pumping layer

Deeper pumping layer

B-B’



label model layers

Unconfined aquifer

Corcoran Clay

Primary shallow 
pumping layer

Deeper pumping layer

C-C’



C2VSim Model 
Layer L1 

(unconfined aquifer)

Bottom elevation 
contours 
(10 foot interval)



10 ft contour interval

Modified from 
Page, 1973 for the 
Central Valley 
Hydrologic Model 
(CVHM)

C2VSim Model 
Layer A2 

(Corcoran Clay)



contour interval =50 ft

C2VSim Model 
Layer L2 

(Primary Shallow 
Pumping Layer)

• Model layer 
designed to 
incorporate 
pumping wells.

• Deep wells in 
ETSGSA



contour interval =50 ft

C2VSim Model 
Layer L3 

(Deeper Pumping 
Layer)

• Bottom of the 
groundwater 
basin (base of 
fresh water)

• Generally 
agrees with 
limited data 
from Page, 
1973 (blue 
contours)



contour interval =100 ft

C2VSim Model 
Layer L4 

(Saline Aquifer)

• Base of model
• Base of 

continental 
deposits



Consistency!
• Corcoran Clay is at similar elevations and extent

• Pumping wells on cross sections are within the pumping layers (for 
the most part) 

• Mehrten Aquifer is primarily within the Confined Pumping Layers

• Decisions on Principal Aquifers still being considered, but model 
layers will be a useful guide





Available Water Level Data
Data Sources

• DWR Water  
Data Library 
(includes 
CASGEM)

• TID

• EWD

• Municipalities 
and Urban 
Communities

• Olam Farming
399 wells with data 
during study period 
(1990-2018)



Groundwater Elevation Contours
March 2017

• Range from 100 to -20 ft msl
• Cone of depression in east
• Pumping depression w/in City of Turlock
• Groundwater mound in southeastern 

subbasin along Tuolumne River





si: 0.5-130 ft bgs si: 0.5-87 ft bgs

si: 355-380 ft bgs
(below Corcoran)

si: 28-102 ft bgs

• Groundwater is shallow 
• Water levels relatively steady
• GW elevations higher in south
• Pumping variation below Corcoran



si: 100-294 ft bgs
si: 96-360 ft bgs

si: 40-52 ft bgs

• GW elevations are higher than in west
• North and east: DTW increases, more 

pumping variability
• Relatively stable water levels in 

central TID



si: 167-575 ft bgs

si: 0.5-127 ft bgs

• South/southeastern region of cone of 
depression 

• Declining trends since ~2000
• Declines up to 70 ft (#24), less (~40-50 

ft) closer to Merced River (#s 19,17)
• DTW ~200 feet (#s 14, 24)
• Slight rebound since recent drought



si: 250-370 ft bgs

• Northern cone and to east
• Declines >70 ft since 2000 in cone (#32)
• Less decline (~20-30 ft) near River (#22)
• Slight rebound since drought
• Limited data in east, declines ~70-90 ft
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