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In accordance with Work Authorization 880081.01 No. 1, we have completed a
hydrogeologic study by means of electrotelluric transects in five pre-selected areas, two
of which begin southeast of the Cosumnes River, and three that were made in the
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locations. Tasks included assembling relevant information including data from our
similar study northwest of the Cosumnes River in 2016, field geological reconnaissance,
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HYDROGEOLOGIC STUDY USING
ELECTROTELLURIC TRANSECTS, COSUMNES
GROUNDWATER SUBBASIN, SACRAMENTO,
SAN JOAQUIN, AND AMADOR COUNTIES, CALIFORNIA

INTRODUCTION
In accordance with our Work Authorization 880081.01, this report presents
the results of our hydrogeologic study using electrotelluric soundings that were
evaluated to a depth of 250 feet at pre-selected intervals in each of five study areas
within the Cosumnes Groundwater Subbasin. These are designated Area A through
Area E on Figure 1. The transects in Areas A and 8 (Figures 2A and 28) are
southeast of the Cosumnes River, and the work therein is a continuation of our
similar previous study generally confined to northwest of the River (Geoconsultants,
2016). Areas C, D, and E are in the southern portion of the Subbasin. The transects
in these Areas cross Dry Creek· at three locations, starting on the west near the
community of Thornton and ending near the City of lone in Amador County on the
east (Figures 2C through 2E) *.
The purpose of this reconnaissance-level project is to provide initial input in
evaluating subsurface hydrogeologic conditions for the Groundwater Sustainability
Plan for the Cosumnes Groundwater Subbasin. This will assist the Cosumnes
Subbasin Working Group in complying with the Sustainable Groundwater
Management Act (SGMA). Accordingly, the focus of our study was to provide an

*Note: Figures 1, 2A, 2B, and 4 through 8 are reduced for a digital copy of report from
original 11 x 17-inch format and are best viewed and/or printed in larger format
for clarity.

evaluation of subsurface hydrogeologic conditions to a depth of 250 feet in more
detail than known from previous investigations in the selected Areas. This provides a
"framework" for future investigations in critical locations for additional study of
subsurface conditions as required. The description of the survey configuration, a
discussion of the electrotelluric sounding method used along the transects, and the
hydrogeologic interpretation of the results are presented in the following sections of
this report.

HYDROGEOLOGIC SETTING
Regional
Formations that contain ground water in the region include younger and older
alluvial deposits of Quaternary age, and the Laguna, Mehrten, and Valley Springs
Formations of Late Tertiary age (California Department of Water Resources, 1974,
Helley and Harwood, 1985, Wagner and others, 1981 ). The younger alluvium is
mainly composed of unconsolidated clay, silt, and sand associated with geologically
recent floodplain deposits of the Cosumnes River and similar materials deposited
along the relatively narrow channel of Dry Creek. The older alluvium is a sequence
of overlapping alluvial fan and terrace systems originating from the Sierra Nevada.
These deposits accumulated during Pleistocene glacial outwash cycles of high
surface water run-off, and are assigned to the Modesto, Riverbank, and Turlock
Lake Formations, in order of increasing age (Marchand and Allwardt, 1981 , Wagner
and others, 1981 ). These fluvial deposits primarily consist of gravel, sand, and silt,
and since all these formations are similar in lithology, they are grouped together in
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one hydrogeologic unit for purposes of this report. The Laguna Formation is similar
in character to the older alluvial formations described above, but overall is finergrained, being a mixed assemblage of clay, silt, and sand, with local lenses of
gravel. Laguna Formation materials were associated with such depositional
environments as sheet-flow or debris-flow deposits in pre-glacial alluvial fan
complexes (Weissmann and others, 2005).
As exposed in the eastern portion of the Subbasin that includes Area E
(Figure 2E), the Mehrten Formation consists primarily of tuff and flow rock of
volcanic origin, interbedded with distinctive unconsolidated to semi-consolidated
black sand and gravel units and sandstone. The underlying Valley Springs
Formation, included in transect CR 3 in Area E as described later in this report,
consists primarily of volcanic tuff and fine-grained sand interbedded with greenishgray clay.

Lithology and Ground-Water Flow
The lithology of the above geologic units, excluding the Mehrten and Valley
Springs Formations, mainly consists of both fine-grained and coarse-grained
materials reflecting their deposition in a geologic environment such as a braided
stream. Fine grained deposits, such as saturated clay, silt, and silty or clayey sand
do not transmit ground water readily. However, saturated, coarse-grained materials
such as sand and gravel, particularly when interconnected in a channel deposit of
regional extent can transmit significant quantities of ground water. Such channels
might extend from those identified northwest of the River in our previous study
(Geoconsultants, Inc., 2016)
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ELECTROTELLURIC SOUNDINGS
Description
Electrotelluric soundings (ETS) measure, on the Earth's surface, the
electrical fields generated by telluric currents flowing in the subsurface formations of
differing lithology (Keller and Frischknect, 1966). The ionosphere induces these
currents as pulses, with the pulse duration depending on the depth of penetration. A
highly portable surface receiver transforms the electrotelluric radiation into an
audible signal. There is a very specific relationship between depth of origin of an
electromagnetic wave front and frequency. Accordingly, the relative electrical
conductivity resulting from the electrotelluric response over the depth interval
investigated at each survey station is determined.
At the surface, a receiver is set to investigate a specific depth range of
frequencies that represent a specific depth interval. As the vertical interval is
evaluated, a change in conductivity will cause a change in amplitude of the audible
signal. This change is graphed on a relative scale from very low to very high. The
vertical scale is set to match the amount of detail necessary for a specific
investigation, and correlate with the level of detail from available exploratory boring
or well logs. Except at the most sensitive settings, the readings from the receiver are
insensitive to nearby power lines and other cultural electrical noise.
Ground water will usually cause a distinct and recognizable distortion in the
audible signal. Where fluids are present, a qualitative evaluation is made based on
the recognition of characteristic distortion effects. The result is a relative conductivity
graph of the formations investigated along with a relative delineation of
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formation/porosity contacts and a qualitative evaluation of the fluids contained within
the porosity zones.
Appendix D contains copies of all the electrotelluric logs for this project.
Geophysics International of Carrollton, Texas performed the data processing and
geophysical interpretation of the depth, thickness of potentially saturated intervals,
and relative salinity (if elevated) of water contained therein, as presented on each
electrotelluric log. The interpretation of this information in terms of evaluating the
subsurface hydrogeologic conditions of the study area, as presented in this report
was completed by Geoconsultants, Inc.
The potential zones of saturation are determined by evaluating the lithologic
and fluid signatures. As applied to this project, generally the lower the lithologic
signature, the greater is the potential for ground-water flow. For this reason, the
lithologic signature is generally weighted more heavily than the fluid signature.
Porosity zones with higher actual water saturation are shown by hachured areas in
the W column under the Content Signature heading on the individual logs. The F
column indicates those fluid zones with any elevated salinity, but none were found in
this investigation. The Signature Depth column shows the approximate vertical limits
of the individual porosity intervals (Figure 3A).

TRANSECTS
Field Survey

The fieldwork for this project was completed on July 28 and 29, July 31, and
August 4, 2020. As previously noted, two transects extending southeast from the
Cosumnes River were completed in Areas A and B and are designated CR 2 and
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CR 3 (Figures 2A and 28). Two additional transects designated DC 1 and DC 2
were performed in the region of Dry Creek in Areas C and D (Figures 2C and 2D). A
third transect, DC 3 was completed and crosses Dry Creek in Area E (Figure 2E).
Altogether, the five transects incorporate a total of 33 ETS, six (6) of which are
combined work and calibration stations at water wells at or near, an ETS location.
The Transect Data Sheets (Appendix A, Figures A-1 through A-5) include GPS
coordinates provided by a Garmin 12-channel unit for every ETS along each
transect. These Data Sheets also contain other pertinent information as discussed
below.

Calibration

It is important to calibrate the soundings to known well data to the extent
possible to help interpret subsurface hydrogeologic conditions along a transect.
Several water well logs were provided to us at the initiation of this project and
several other logs that could be identified with specific ETS locations were found in
the DWR well log database for Sacramento County. Additional well log data was
obtained from the California Division of Oil, Gas, and Geothermal (now CalGEM)
well database, since exploratory gas wells exist in and around Area C (Figure1 ). On
the Transect Data Sheets, the well information is divided into two categories.
Calibration wells that are relatively close to an ETS location are shown on the Site
Plans, and their logs are contained in Appendix B, Figures B-1 through B-9.
Reference wells that are more distant from a specific ETS location, but have logs
thought to be helpful in evaluating subsurface conditions in the vicinity, are included
in Appendix C, Figures C-1 through C-5, but are not shown on the Site Plans.
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An example from transect CR 2 and sounding CR 2-1 showing calibration to a
well log and the designation of broad categories (or "packages") of subsurface
materials for correlation in the transects as discussed below, is shown on Figure 38.
The well logs have limitations as they exhibit some uncertainty. Driller's lithologic
descriptions, as evidenced by comparing two very closely spaced well logs, may
report major differences in lithologies for a given depth interval. The difficulty of
correlating alluvial materials even between closely spaced wells also involves
uncertainty, considering the variable depositional environments of such deposits as
exhibited by rapid vertical and lateral changes in lithology.

Correlation
In the subsurface cross sections for each transect that follow this discussion
(Figures 4 through 8), some details shown on individual electrotelluric logs contained
in Appendix D have been omitted. The interpretation of the lithology presented on
the logs, relative to the corresponding electrotelluric response shown on the Key to
Electrotelluric Logs (Figure 3A) may also be slightly modified to accommodate the
generalized description for correlation purposes as shown on Figure 38 and
described below.
For subsurface correlation shown on Figure 38, three categories or
"packages" of materials are identified: "clay", "fine-grained deposits", and "coarsegrained deposits with fluid" (water). The "clay" designation may include clay, silty
clay, and sandy clay, and may include a small component of coarse-grained
materials. Similarly, "fine-grained deposits" may include silt, clayey sand, and finegrained cemented sand, and may be associated with small quantities of fine-grained
-7-

clayey gravel. The category of "coarse-grained materials with fluid" can include
sand, and sand or gravel mixtures and may include small quantities of clayey gravel
or clayey sand.
Although the "clay" and "fine-grained deposits" may be saturated below a
depth of 50 feet or greater in the transects, their relative permeability and
transmissivity is low, and their contained water is "bound" and not considered
"movable". Therefore, these units generally do not exhibit a fluid signature. Deposits
included in the category of "coarse-grained deposits with fluid", have favorable
permeability so that their contained ground water is "movable", such as flow in a
channel deposit. As described in the previous section Electrotelluric Soundings, if a
lithologic unit contains" movable" ground water, this is indicated by a hachured sign
next to its overall corresponding depth interval, often near its midpoint.
In summary, the correlations shown on the transect subsurface cross sections

do not imply stratigraphic correlation but show relative intervals and possible
continuity of the more permeable lithologic units compared to the less permeable or
fine-grained deposits. The term "clay" designates essentially impermeable materials
for purposes of hydrogeologic correlation and evaluation.

Transect CR 2 (Figure 4)
Transect CR 2 includes soundings CR 2-1 through CR 2-5 as shown on
Figure 2A and extends from the Cosumnes River, trending southeast across Dillard
Road to slightly beyond the intersection of Riley and Salas Roads. The transect
continues a previous one that ended across the Cosumnes River to the northwest
(Geoconsultants, Inc. 2016). Soundings ETS-1-1 and ETS-1-2 from this study are
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included on the transect section for purposes of interpretation. Calibration wells are
located near CR 2-1 and CR 2-5 and the logs are presented on Figures B-1 ad B-2,
respectively. There is also a reference well near the southeast end of the transect,
and the log is presented on Figure C-1.
From the Cosumnes River to the southeast end, the transect cross section
reveals alternating layers consisting of fine-grained deposits to depths of 50 to 60
feet below the ground surface, followed by coarse-grained deposits with fluid that
are about 20 feet thick on the northwest (Figure 4 ). This unit thickens to about 40
feet at Riley Road on the southeast. The base of the unit is about 80 feet deep on
the northwest end of the cross section to as much as 100 feet below ground at the
southeast end.
These deposits are underlain by an apparently continuous clay interval
extending to a depth generally about 120 feet deep across the transect. In turn,
another interval of coarse-grained deposits with fluid extends to a depth of 160 to
180 feet. There is potential development of a channel in this unit around CR 2-4,
where the deposit thickens. Below this interval, fine-grained deposits are noted to a
depth of about 200 feet, followed by coarse-grained deposits with fluid to 250 feet,
the total depth of the transect.
Correlation with the end of the previous transect northwest of the Cosumnes
River at ETS-1-1 and ETS-1-2 is uncertain. The coarse-grained channel deposits in
these soundings below a depth of about 140 feet appear to diminish laterally or
"pinch out" underneath the Cosumnes River. Correlation to the southeast with
transect CR 2 and the nearby calibration well (Figures 38 and B-1) is also uncertain.
The designation of "pea gravel" in the well log in the depth interval roughly between
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200 and 250 feet correlates with a similar depth interval of coarse-grained deposits
with fluid in sounding CR 2-1 . This suggests the existence of a channel deposit in
this area. With several episodes of channel cutting and filling, a local topography
with relief of up to 75 feet may have existed resulting in sand and gravel filled
drainage channels with rather steep walls (Shlemon, 2000). This observation could
help explain the apparent rapid change in subsurface conditions observed in
attempting correlation between the two transects.

Transect CR 3 (Figures 5A and 58)
Transect CR 3 extends along Wilton Road from southeast of the Cosumnes
River starting at ETS 3-1 from the previous study and extends across Dillard Road,
continuing southeast to Blake Road (Figure 28). Soundings ETS-3-1 and ETS-3-2
from the previous study are included in the transect section for purposes of
interpretation. This transect includes soundings CR 3-1 through CR 3-8. Calibration
wells are located near CR 3-4 and CR 3-8 and the logs are shown on Figures 8-3
and 8-4. Since this is a long transect, the cross section is shown in two parts, Part A
and Part 8, Figures 5A and 58, respectively.

Soundings collected in Feb. 2016 - what effect
would drought have on fluid content?

Correlation with the previous sounding data northwest of the Cosumnes River
is uncertain. However, fine-grained deposits dominate the relatively shallow depth
interval in this area. No coarse-grained deposits with fluid are present in the upper
portion of soundings ETS-3-1 and 3-2 (Figure 5A). However, this may be in part due
to lack of data because the upper 50 feet of the soundings in the previous study was
not processed. Starting at CR3-1, coarse-grained deposits with fluid extend across
the transect, starting at a rough depth of 40 to 60 feet, with their base at 80 to 100
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feet below the ground surface. Within this interval, possible channel deposits occur
between CR 3-2 and CR 3-4. If this interval was extended northwest to the vicinity of
ETS-3-1, these coarse-grained deposits with fluid might directly underlie a portion of
the Cosumnes River floodplain. Below this interval, fine-grained deposits extend to a
depth of about 140 feet across the transect, followed by coarse-grained deposits
with fluid to a depth of about 180 feet. This interval is underlain in turn by finegrained materials extending to 250 feet, the total depth evaluated.

Transect DC 1 (Figure 6)
Transect DC 1 includes soundings DC 1-1 through DC 1-7 and trends in a
northwest-southeast direction starting at Grizzly Slough. The transect extends
across a portion of the Cosumnes River Preserve and crosses New Hope Road,
ending in the Kautz private property (Figure 2C). There are no calibration wells on
this transect, but there are some reference exploratory gas wells associated with the
Thornton Gas Field (Loken, 1957). Information from several of the reference wells
provides some insight into subsurface conditions, even though log data usually
begins at a depth of 500 feet, below our depth of interest (Figures C-2 through C-4 ).
Fine-grained deposits are predominant to a depth of about 60 feet across the
cross section, and may correspond to the "blue clay and blue clay with streaks of
sand" noted on the log for the Amerada "Goodfellow-Capital No. 1" reference well to
a depth of 200 feet (Figure C-3) The well is about 2000 feet east of DC 1-2. This
lithology continues on the log as "blue shale with streaks of sand": to the depth of
1415 feet, as confirmed by the resistivity curve values on the electric log, Figure C-4.
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The mud log of the TXO Production Company "Transamerica-Thornton" 26-1,
located about 1700 feet east of DC 1-1 records similar intervals as "siltstone'.
As noted previously, although deeper than our interval of interest, the logs
suggest that primarily fine-grained materials may prevail in the subsurface in an area
relatively close to the transect. Below the 60-foot deep interval of fine-grained
deposits noted previously, an interval of coarse-grained materials with fluid about 20
feet thick extends across the cross section to a depth of about 80 feet where an
apparently continuous interval of clay is present to a depth of about 120 feet. This
unit in turn is underlain by additional coarse-grained deposits with fluid to a depth of
about 180 feet, where fine-grained materials extend to 250 feet, the total depth of
evaluation. Based on a thickening of the interval, there is the suggestion that
channel deposits could be developed in DC 1-1 through DC1-3, between the depths
of 140 and 200 feet.

Transect DC 2 (Figure 7)
Transect DC 2 extends in a north-south orientation along Alta Mesa Road
from its intersection with Simmerhorn Road, extending across Dry Creek into San
Joaquin County (Figure 2D). Alta Mesa Road then becomes Dustin Road, and
transect ends at Liberty Road . Soundings DC-2-1 through D-7 are included in this
transect, and there is one calibration well near DC 2-5. The log for this well is
presented on Figure 8-5.
Fine-grained deposits occur to a depth of about 60 feet across the transect to
a depth of about 60 feet, followed by coarse-grained deposits with fluid extending to
about 120 feet in depth, becoming slightly thicker to the south. Then a 30-foot thick
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apparently continuous clay interval is present in the cross section to a depth of about
160 feet. An underlying unit coarse-grained deposits with fluid occurs in the general
depth interval between 160 and 180 feet across the transect, thickening to the depth
of about 200 feet in the vicinity of DC 2-3. This anomaly may represent a possible
channel deposit, incised into the underlying fine-grained materials that extend to 250
feet, the total depth of evaluation .

Transect DC 3 (Figure 8)
Transect DC 3 extends southeast from the upland area of Cook Road, across
the floodplain of Dry Creek, and continues into the upland area on the southeast
side, ending at State Highway 88 (Figure 2E). The transect includes soundings DC
3-1 through DC 3-6, with calibration to the Bamert monitoring well at DC 3-5. This
transect differs from the others in that it crosses an upland area underlain by the
Valley Springs Formation, as mapped by Bartow and Marchand (1979), and as
confirmed by a volcanic tuff outcrop at sounding DC 3-6 along Highway 88.
There is some alluvium in the Dry Creek channel, estimated to be about 20
feet thick as shown on the cross section. Subsurface deposits occurring in the
Bamert well consist mostly of fine-grained sand and gravel, interbedded with sandy
clay and clay according to the lithologic log and construction detail of the well, as
presented on Figures B-6 through 8-9. At a depth of 330 feet, "basement" rock
consisting of greenstone and slate was encountered in the borehole, correlating with
a predicted depth to such "basement" rock based on a gravity survey in the vicinity
(Chapman and Bishop, 1975).
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Aside from the alluvium in Dry Creek, fine-grained materials are noted to a
depth of about 40 feet across the transect, followed by coarse grained deposits with
fluid extending to a depth of 70 feet. These deposits correlate with the screened
interval in the shallow portion of the Bamert well. An interval of apparently
continuous clay follows to a depth of about 100 feet, where coarse-grained deposits
with fluid again occur to an average depth of 150 feet in the cross section. This
general interval also correlates with the screened section in the deeper portion of the
well. At the average depth of 150 feet, another apparently continuous clay interval
extends across the transect, being about 40 feet thick, followed by fine-grained
deposits to a depth of 250 feet, the total depth of evaluation. No "basement" rock
was noted in any of the soundings at this depth.

CONCLUSIONS AND RECOMMENDATIONS
The five electrotelluric transects reveal reconnaissance-level information on
subsurface conditions to a depth of 250 feet in the hydrogeologic environment of the
Areas in the Cosumnes Subbasin that were evaluated. In the transect cross
sections, the subsurface deposits are differentiated into three general categories or
"packages" that include "clay", "fine-grained deposits", and "coarse-grained deposits
with fluid". This classification reflects the relative permeability of the three categories
of the materials with respect to their hydrogeologic properties and assumes that clay
intervals and fine-grained deposits vary from being impermeable and less
permeable, to permeable in the case of the coarse-grained deposits with fluid. It is
worth repeating from previous discussion of the transects that the correlations
shown on the subsurface cross sections do not imply stratigraphic correlation but
-14-

show relative intervals and possible continuity of the more permeable lithologic units
compared to the less permeable fine-grained deposits and clay intervals.
As a general conclusion, development of channel deposits in Areas A through
D like those occurring around the Cosumnes River area in the northwest portion of
CR 2 where it joins transect T-1 of our previous study appears to be relatively rare.
However, as noted in the discussion of transect CR 2, subsurface relationships here
are uncertain and need better resolution.
In addition to the area of transect CR 2 noted above, other areas of interest
previously discussed in the Transect section of the report that warrant further study
as hydrogeologic input to the Subbasin Groundwater Sustainability Plan are:
1. Transect CR 2, vicinity of CR 2-4, Riley Road, for further definition
of a possible channel.
2. Transect CR 3, transition area between ETS 3-1 and CR 3-1 that
could be a recharge site if the coarse-grained deposits with fluid
extend into the floodplain of the Cosumnes River.
3. Transect CR 3, area around CR 3-2 and CR 3-3 for further
definition of a possible channel.
4. Transect DC 1, area around DC 1-1 and DC 1-3 for further
definition of a possible channel.
5. Transect DC 2, area around DC 2-3 and DC 2-4 for definition of a
possible deep channel underlying Dry Creek.
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