
Imaging Saltwater Intrusion Along the Monterey Bay Coast 
Using Long Offset Electrical Resistivity Tomography 
 
Meredith Goebel1, Rosemary Knight1, Adam Pidlisecky2 
1Department of Geophysics, Stanford University, Stanford, CA, USA 
2Department of Geological Sciences, University of Calgary, Calgary, Canada 

ABSTRACT 
The ability to map and monitor changes in groundwater salinity is essential in understanding 
and managing saltwater intrusion in coastal aquifers.  This is commonly accomplished using 
wells, whose permitting, construction, and monitoring can be time consuming and 
expensive.  Additionally, these wells provide point information, which may fail to capture 
the spatial complexity in subsurface conditions.  Geophysical techniques have been used in 
many hydrologic applications to supplement well data and inform the degree of spatial 
heterogeneity surrounding these wells.  Of the available geophysical measurements, 
electrical resistivity measurements are ideally suited to imaging saltwater intrusion because 
of their sensitivity to changes in salinity.  We implemented the geophysical method of 
Electrical Resistivity Tomography (ERT), wherein millions of resistivity measurements are 
made using an array of electrodes to create a 2D profile of resistivity measurements at depth.  
 
Our research focuses on California’s Monterey Bay region, where agriculturally intensive 
land meets the sensitive marine environment of the Monterey Bay National Marine 
Sanctuary.  This region is heavily dependent on groundwater as its supply of freshwater.  
Much of this groundwater is used to support agriculture, which is a significant part of the 
country’s food supply as well as a significant contributor to the local economy.  Substantial 
sustained groundwater extraction in the region has led to saltwater intrusion, which was first 
identified in 1930s, and at present extends more than 16 kilometers inland.  As hydrologists 
worked to model and manage this issue, a need for improved subsurface characterization 
using cost effective methods emerged, and motivated our acquisition of ERT data along the 
coast of the Monterey Bay.  
 
In October 2014 long-offset ERT was acquired along 40 kilometers of the coast using the 
roll along method, allowing for continuous overlap in data acquisition.  Data were collected 
on the beach, above the high tide line.  The line was broken in three locations due to the 
presence of water bodies or unpermitted stretches of beach.  Electrodes were spaced every 
22.2 m, with a total of 81 electrodes along the 1.8 km active cable length.  An ABEM 
Terrameter system was used to collect data using both a dipole-dipole array and a gradient 
array to maximize our sensitivity to both vertical and horizontal variations in the subsurface.  
The data were collected over two weeks by the Geophysics Group from WorleyParsons, 
based out of Edmonton Canada.  
 
The ERT data were inverted using updated versions of the 2.5D forward modeling and 
inversion codes described by Pidlisecky and Knight (2008) and Pidlisescky et al. (2007).  
The starting model for our inversion is a homogenous model with the electrical conductivity 
of a saltwater-saturated sediment.  No additional data were used to constrain the inversions.  
Inversion of the ERT data resulted in resistivity sections with reliable results to a depth of 
approximately 280 m.b.s.l.  Figure 1 shows these sections, viewed from the perspective of 
looking inland from Monterey Bay.  
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Figure 1: Resistivity images obtained through inversion of the ERT data. Light colors 
represent high resistivity, interpreted as freshwater, and dark colors represent low 
resistivity, interpreted as saltwater.   
 
These data show a complex distribution of fresh and salt water, influenced by geology, 
groundwater pumping, recharge, and land-use.  Interpretation of the resistivity sections in 
conjunction with existing data sets and understanding of the region, allows us to identify the 
factors controlling the observed resistivity along the coast.  For example the southernmost 
resistivity profile clearly images vertical boundaries, which match well with assumed fault 
locations, and appear to function as groundwater flow barriers.  Similarly the northernmost 
resistivity profile shows dipping layers, features that are supported by local geologic 
interpretation from boreholes.  While what is seen in the ERT data corresponds well with 
existing data sets and geologic interpretations in the region, the spatial complexity of the 
subsurface revealed in the ERT data goes beyond what is known from traditional data 
sources alone. This leads us to conclude that this form of data can be extremely useful in 
informing and calibrating groundwater flow models, targeting new well locations, and 
monitoring changes in subsurface salinities over time. 
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