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1

INTRODUCTION
Tulare Irrigation District (TID or District) wishes to increase recharge capacity within
the District to augment its ability to accept and utilize surface water supplies and better
balance groundwater use with recharge. A map of the entire District is shown on
Figure 1. As part of continuing work to evaluate recharge capacity and strategies for
achieving groundwater sustainability within TID’s service area, HydroMetrics Water
Resources Inc. (HydroMetrics WRI) retained Montgomery & Associates (M&A) to
design and conduct hydrogeologic investigations for characterizing recharge capacity of
TID’s existing basins and for assessing the feasibility of enhancing recharge capacity.
The goal of the study was to obtain as much useful information as possible regarding
recharge capacity in the District within the established funding limits for this study.
To this end, M&A worked closely with HydroMetrics WRI and the District to develop
a project approach that prioritized the most meaningful investigations to provide an initial
framework for identifying opportunities and strategies for enhancement of recharge rates
and aquifer storage. These strategies may provide the basis for future grant applications.
Methods and results of the study are summarized in this report.
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2

PROJECT BACKGROUND AND APPROACH

2.1 Previous Investigations
Previous investigations have focused on the District’s water use and demands, including
evaluation of groundwater overdraft and associated aquifer replenishment needs and
opportunities for conjunctive use. Other investigations assessed subsurface lithology and
implications for recharge at sites of interest to the District (associated with land
purchases). Results of these investigations provide much of the basis for our project
understanding and the approach developed for the present recharge feasibility
assessment. Relevant reports and information include:
•

A September 2015 report prepared by HydroMetrics WRI, titled
“Tulare Irrigation District, Groundwater Recharge Capacity Evaluation”
(HydroMetrics WRI, 2015);

•

The District’s 2012 Agricultural Water Management Plan (TID, 2012);

•

Reports providing results of previous drilling investigations at the Martin
Basin (BSK, 2007), Swall Basin (BSK, 2008), and Cordinez Basin (BSK,
2013); and documenting installation of four monitor wells in the northcentral
part of the District (BSK, 2016); and

•

Additional data and critical input provided by TID, including observations and
information gleaned during the site visit conducted by M&A and
HydroMetrics WRI on June 20, 2016.

For the purpose of evaluating recharge feasibility of existing basins targeted for the
present study, results of BSK’s drilling investigations for the Martin Basin and Swall
Basin provided useful information for subsurface lithologic conditions and negated the
need to conduct additional drilling at these basins. Because recharge feasibility
investigations had already been conducted to support the design of the Enterprise Basin
expansion (the added “cell” is identified as the Cordinez Basin), and this basin was being
prepared for expansion at the time of M&A’s field investigations, it was not targeted for
further investigations or evaluation of enhanced recharge capacity. After the Cordinez
Basin is constructed and operated, data for operational infiltration rates can be used
together with the lithologic characterization to assess the recharge capacity and possible
enhancements if warranted. It should be noted that the terminology used in this report for
referencing TID’s recharge basins is as follows:
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•

All of the recharge basins investigated for this study consist of two or more “subbasins”, which are referred to as “cells”. The term “basin” (with an associated
identifier) is used to refer to the entire group of cells comprising the basin. The
term “cell” (with an associated identifier) is used to refer to a specific cell within
the overall basin (e.g. Basin No. 6 North Cell.)

•

There are two types of cells in most basins: recharge (or “sinking”) cells and
regulation (or “running”) cells. Recharge cells are operated and maintained
specifically for recharging water, whereas regulation cells are typically smaller
and are used chiefly to regulate surface water flows to the recharge cells within
the same basin and to the recharge basins located downstream in the recharge
system. With the exception of the Swall Basin, all of the recharge basins
investigated for this study have one regulation cell and one or more recharge cells.
The Swall Basin consists of three recharge cells with no regulation cell (flow
regulation occurs in the adjacent Creamline Basin).

•

The terms “basin” and “cell” are capitalized when referring to a specific recharge
basin or recharge cell by its identifier.

•

Overall, the District operates 12 basins that include recharge cells and three
additional basins that consist solely of a regulation cell. This tally includes the
Enterprise and Cordinez Basins as separate recharge basins, although the
Cordinez Basin is actually the expanded portion of the Enterprise Basin and is
currently under construction.

2.2 Conjunctive Use
In 2015, HydroMetrics WRI conducted a comprehensive study to evaluate the overall
conjunctive potential of the District’s water distribution system to determine the required
recharge capacity in relation to crop demands, groundwater percolation characteristics,
and availability of surface water supplies. This study includes a detailed water budget for
the District for the period 1999 through 2012 and provides important information
regarding conditions relevant to recharge. Results of the study are given in HydroMetrics
WRI’s 2015 report listed above.
The HydroMetrics WRI report addressed Task 3 of the United States Bureau of
Reclamation (USBR) grant titled Tulare Irrigation District Conjunctive Exchange
Program. The present recharge feasibility study and report addresses follow-up
investigations for Phase III of the conjunctive exchange program. Phase III focuses on
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hydrogeologic characterization of the recharge basins to further develop strategies and
identifies opportunities for increasing recharge capacity to better utilize surface water
supplies as they become available and achieve more sustainable conditions.
The 2015 HydroMetrics WRI study resulted in the following relevant findings and/or
conclusions, which provided much of the motivation for the present recharge feasibility
study:
•

An estimated average of 20,000 acre-feet per year (AF/yr) of additional
managed aquifer recharge (either direct or in-lieu) is required to ensure as
much recharge occurs in the District’s service area as is extracted from
groundwater within the District boundaries.

•

Existing recharge basins will be inadequate to recharge all of the supplemental
water needed to balance groundwater withdrawals.

•

Pumping outside the District’s service area creates groundwater underflow
(and loss of groundwater in storage) out of the District of approximately
15,500 AF/yr, which will likely increase in the future as demand outside of
the District’s service area increases.

•

Recharge capacity in the District can be increased by any or a combination of
(1) increasing the number of recharge basins, (2) on-farm recharge, and/or (3)
improving recharge capacity of existing basins.

The HydroMetrics WRI study also identified several potential options for TID to acquire
additional surface water supplies, which would be needed to reduce groundwater
withdrawals for agricultural irrigation (direct use/in-lieu recharge) and for aquifer storage
to balance groundwater withdrawals and move closer to sustainable groundwater use.
A critical element in taking advantage of additional or surplus surface water supplies is
the ability to accept and store the water during periods when it cannot be used directly.
This requires developing a larger recharge capacity within the District. An important
consideration for evaluating recharge capacity is that surface water availability can be
highly variable from year to year. Several years of limited surface water availability
would create a groundwater storage deficit that cannot be alleviated by recharging an
additional 20,000 acre-feet (AF) for the next several years. Instead, the additional
recharge capacity needs to be much larger than this volume so that as much surface water
as possible can be captured and recharged during the periods when it is available. This
need for additional capacity is highlighted by the recent years of drought and resultant
absence of surface water deliveries to the District, during which time groundwater
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withdrawals were maximized, and the volume of groundwater in storage was further
depleted.

2.3 Project Approach
The hydrogeologic investigations for this study were conducted in general accordance
with the Draft Scope of Work, titled Groundwater Recharge Capacity Evaluation, Phase
III Hydrogeologic Investigations to Maximize Recharge Capacity (HydroMetrics WRI
and M&A, 2016). Investigations included exploration trenching and exploration drilling
for lithologic characterization of selected existing recharge basins and infiltration testing
of the same basins plus some additional basins. In general, recharge basins targeted for
investigation were prioritized by the District based on historical use and associated
importance of each basin within the District’s water conveyance and recharge system,
and on the District’s empirical knowledge of basin performance. Due to the large
number of recharge basins and the extremely large floor area of the basins (nearly
2 square miles), and to the limited funding, it was not possible to investigate all
12 recharge basins (consisting of a total of 17 recharge cells) or to conduct each type of
investigation in all the selected basins. Therefore, the overall approach for the study was
to obtain as much useful information as possible regarding recharge capacity in the
District within the established funding limits. This approach required flexibility in
implementing the work plan during the course of field operations, such that the extent
and type of investigations conducted in a given basin could be modified based on realtime findings from completed investigations in that basin. In this manner, the
investigations targeted the most meaningful data for the goals of the study within the
limited number of basins investigated. During the field investigations, M&A staff
coordinated with the District and HydroMetrics WRI regarding on-going findings to
determine/confirm subsequent investigations in selected basins to develop the most useful
and cost-effective approach.
Based on discussions with TID, recharge basins of primary interest to the District include
the Creamline Basin, Swall Basin, Basin No. 3, and Basin No. 6 (Figure 1). Based on
empirical evidence, the Swall Basin East Cell was thought to have higher infiltration
capacity than most of TID’s basins. These selected basins are not only operationally
important, but they represent differing geographic portions (and potentially differing
lithologic conditions), across the north half of the District. Although it would be ideal to
investigate all existing basins throughout the entire District, the north half of the District
was prioritized for this study because the District emphasizes recharge operations in the
north half. This is due to the fact that both groundwater flow and surface water flow are
generally from northeast to southwest across the District. Therefore, groundwater flow
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out of the District and excess surface water exiting the southwest corner of the District
are reduced by increasing recharge in the up-gradient portions of the District.
It is also important to note that this study and associated hydrogeologic investigations
focused chiefly on use of existing recharge basins (surface infiltration basins) as the
recharge method. The present study does not attempt to address other parcels of land that
could potentially be available for construction of new recharge facilities, due both to the
general lack of available parcels and the excessive costs of purchasing land and
constructing new conveyance canals or pipelines. However, an overview of alternative
recharge methods such as vadose zone injection wells, direct injection into the aquifer
using deep wells, and on-farm recharge is provided in this report.
The most critical depth interval for determining the feasibility of surface infiltration
basins is the near-surface zone (upper 10 to 20 feet) underlying the basin floor.
Therefore, characterization of the near-surface zone was a primary focus of the study,
which led to conduct of exploration trenching in four basins (total of five cells). Results
of the near-surface characterization were closely evaluated during trenching
investigations; if conditions appeared to be generally favorable for recharge (or could be
favorable with deepening of the basins to feasible depths), exploration drilling was
targeted for that basin to evaluate deeper vadose zone conditions. As a result of this realtime evaluation, exploration drilling was conducted in only two prioritized basins (total
of three cells).
The work plan initially included infiltration testing, potentially using both operational
testing (during actual surface water deliveries and associated recharge operations) and
small-scale infiltration tests using a ring-infiltrometer. Ring-infiltrometer tests involve
substantial effort and costs relative to the applicability of the results to the generally very
large areas of the basins investigated. Also, the onset of heavy winter precipitation and
excess surface water deliveries provided the opportunity to conduct more meaningful and
representative large-scale tests via measurement of actual infiltration rates for entire
basins during long-term wetting cycles. As described in Section 3.4, these operational
tests require a minimal amount of set up with relatively small effort to collect data during
the test period. Therefore, we were able to conduct operational infiltration testing at five
basins (total of seven cells) to obtain valuable information for the existing infiltration
capacity for these basins. This formal testing process had not been done previously for
the District’s recharge basins. The results of the operational tests serve to document
existing recharge capacity within the District, thereby providing a stronger basis for
evaluating the need for and potential benefits of recharge enhancement options.
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3

METHODS FOR HYDROGEOLOGIC
INVESTIGATIONS
Hydrogeologic investigations for evaluation of recharge feasibility of TID’s basins
consisted of: (1) exploration trenching operations for lithologic and stratigraphic
characterization of the near-surface zone (defined as approximately the upper 10 to
12 feet); (2) exploration drilling operations for lithologic and stratigraphic
characterization of the vadose zone to a depth of approximately 50 feet below land
surface (bls); and (3) large-scale operational infiltration testing to determine/document
the current infiltration capacity. As described in Section 2.1, the investigations targeted
the most meaningful data for the goals of the study and were conducted in a flexible
manner to develop the most useful and cost-effective approach. As a starting point, the
recharge basins targeted for trenching investigations were prioritized by TID. Site maps
for all basins/cells that were investigated for this study, including the locations of field
investigations, are shown on Figures 2 through 7. Methods for these field investigations
are provided in the following sections.

3.1 Lithologic Characterization and Preparation of Graphic Logs
Lithologic descriptions were prepared by M&A for soil samples obtained from the
exploration trenches and split-spoon samples obtained from the exploration borings, and
graphic logs were prepared for the trench and boring profiles based on these lithologic
descriptions. Lithologic descriptions and graphic logs for the exploration trenches and
exploration borings are provided in Appendix A and Appendix B, respectively. The
methodology used for describing the samples and presenting the lithologic information is
described in detail in the following paragraphs.
Detailed lithologic descriptions were prepared by evaluating and estimating particle size
distribution and degree of lithification for the sediment and drill cuttings samples, chiefly
using manual methods. Selected samples of sediments from the trenches and borings
were submitted to the geotechnical testing laboratory Terracon in Tucson, Arizona, for
determination of particle size distribution and plasticity indices (Atterberg limits). The
laboratory results are summarized in Table 1; laboratory reports are provided in
Appendix C. Laboratory results provided a means for evaluating and adjusting results of
manual estimation methods. Particle size ranges for the gravel, sand, and fine (silt and
clay) fractions were based on the United States Department of Agriculture system.
Lithologic descriptions include a descriptor for manually-determined “cohesiveness” to
provide a relative estimate of clay content (cohesiveness is generally used in place of
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plasticity to distinguish between manual descriptions and laboratory-determined plasticity
indices/ categories).
The sediment type/name for each lithologic description (e.g., Sandy Clayey Silt, Silty
Sand, etc.) is based on M&A’s standard procedure for describing sediments; the textural
component with the highest content is listed last, preceded by the component of next
highest content, and so on. However, the sediment type/name is followed by the Unified
Soil Classification System (USCS) descriptor (e.g., ML, SM, etc.). It is important to note
that for the majority of the fine-grained intervals with notable cohesiveness (plasticity)
encountered in the trenches and borings, the appropriate USCS descriptor could be ML or
CL depending on the magnitude and ratio of the liquid limit and plasticity index, which
were only measured by the laboratory for a few samples. Therefore, the USCS
descriptors used for this sediment type are “ML/CL.”
Based on field observations and detailed lithologic descriptions, sediments were
classified into five categories based on lithologic properties and the estimated
permeability; which were used to prepare graphic logs for the trenches and borings. Each
“lithologic/permeability category” includes sediments or stratigraphic units with
consistent or similar hydrogeologic properties, particularly those that affect vertical
permeability. This classification of sediments provides a framework for evaluating
relative permeability and, therefore, potentially favorable versus restrictive conditions
and/or locations with regard to infiltration and downward movement of water. It should
be noted that “permeability” as used in this report is synonymous with vertical hydraulic
conductivity when used to describe the property of subsurface strata to transmit water
downward, and is also synonymous with vertical “infiltration capacity” when used to
describe near-surface sediments in the excavated recharge basins.
The five lithologic/permeability categories are defined based on particle size distribution
(especially silt and clay content), cohesiveness, the degree of lithification of the
sediments, and relative permeability estimated from these physical properties. Particle
size distribution and cohesiveness are the primary factors in defining the categories;
cohesiveness is closely related to clay content. The degree of lithification (such as
carbonate cementation) can be important due to its effect on reducing permeability, but
its overall importance is based on the lateral and vertical extent of lithified sediments.
Sediments with a similar particle size distribution could be included in two or three
different categories due to differences in degree of lithification. However, lithification is
not a significant factor for evaluating permeability of the subsurface sediments at the TID
recharge basins. The sediments encountered in the trenches generally had no observable
cementation. In addition, nearly all the sediments intervals encountered in the borings
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were non-lithified (only a few thin weakly-lithified lenses were noted). Although the
sediment texture and lithification cannot be precisely correlated to permeability,
classifying the sediments into categories in accordance with estimated permeability
provides a means for comparing hydrogeologic conditions and evaluating sediment layers
that would potentially control or limit infiltration and recharge rates.
The five lithologic/permeability categories and corresponding symbols used to construct
the graphic logs for the exploration trenches and exploration borings are shown in the
explanation on Figures 8 through 14 and are also shown on Figure A-1 (Appendix A)
and Figure B-1 (Appendix B). The descriptions for the five lithologic/permeability
categories are the same for the trenches and borings. The five categories, as shown from
top to bottom on the indicated figures, increase in silt and clay content and/or
cohesiveness (degree of lithification is not a factor for the sediments encountered beneath
the TID recharge basins). Both the upper two (1st and 2nd) categories include “coarsegrained” sediment types and are considered very favorable for downward movement of
water during recharge operations. Both the lower two (4th and 5th) categories include
“fine-grained” sediment types and are considered potentially unfavorable or impeding to
downward movement of water. The middle (3rd) category includes “medium-grained”
sediment types and is “intermediate” to the upper and lower two categories; this category
is considered neither impeding nor highly transmissive to downward movement of water.
Descriptions for the five lithologic/permeability categories include estimated numerical
ranges of permeability (or infiltration capacity) for the categories. These numerical
ranges are not based on field infiltration rates measured in the TID basins (specific
sediment intervals were not tested, as described in Section 3.4). Instead, the ranges are
inferred from sediment lithology based on comparison and correlation of lithologic
conditions encountered in the TID basins to similar sediment lithologies and associated
infiltration test results for other recharge feasibility assessments that M&A has
conducted. It is important to note that the numerical permeability ranges are approximate
and are intended chiefly to frame the relative terms “very large,” “large,” “moderate,”
“small,” and “very small” permeability.

3.2 Exploration Trenches
The purpose of the exploration trenching program was to characterize lithologic and
stratigraphic conditions in the near-surface vadose zone sediments and to identify
sediment strata that may be the controlling (limiting) layers for infiltration rates during
recharge operations. The exploration trenching program was conducted during the period
from October 4 through 13, 2016, and included the following basins/cells:
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•
•
•
•
•

Creamline Basin Southeast Cell (8 trenches)
Basin No. 3 South Cell (11 trenches)
Basin No. 6 North Cell (8 trenches)
Basin No. 6 South Cell (7 trenches)
Basin No. 8 (8 trenches)

Locations for the trenches are shown on the associated site maps (Figures 2, 4, 5, and 6).
The trenches were excavated to depths ranging from 10 to 12 feet (one trench was
excavated to a depth of only 5 feet to determine the presence of a notable shallow layer
observed in the nearest trenches). The trenches were approximately 15 feet long at land
surface and became shorter with increasing depth. Trenches were excavated by TID staff
using a backhoe. Because most of the basin floors are relatively level, the trench
elevations within a given basin were essentially the same (exceptions are Basin No. 6
North and South Cells and Basin No. 8, as described in Section 4.1).
Lithologic and stratigraphic conditions encountered in the trenches were evaluated and
described by an M&A geologist, and representative samples were obtained from all
sediment strata of differing lithology. Selected samples of sediments from the trenches
(typically a sample of one sediment layer per trench) were submitted to Terracon,
Tucson, Arizona, for determination of particle size distribution and plasticity indices
(Atterberg limits). In addition, a total of four samples were obtained for laboratory
analysis of saturated hydraulic conductivity (K sat ); these samples were delivered to
Technicon Engineering Services, Inc., Fresno, California. Detailed lithologic
descriptions for the samples were prepared (in-house), which provide a continuous
characterization of sediment strata encountered in the trenches. Sediments were
described and classified in accordance with the methodology described in Section 3.1.
Field descriptions of the trench profiles within a given basin were evaluated to determine
if exploration drilling would be of more importance at that basin relative to other basins
where trenching was conducted. Following completion of trenching operations,
excavations were backfilled and the trench sites were restored to basin floor levels.

3.3 Exploration Borings
The purpose of the exploration drilling was to characterize lithologic and stratigraphic
conditions in the vadose zone and to identify critical sediment strata that may potentially
impede downward movement of water during recharge operations and/or cause perched
water mounding. The borings were drilled to depths ranging from about 30 to 50 feet bls.
Depth to groundwater is on the order of approximately 150 to 200 feet bls at the locations
of the TID recharge basins investigated for this study; therefore, the borings represent
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only the upper part of the vadose zone. The exploration drilling program was conducted
during the period from November 28 through 30, 2016. Drilling operations were
conducted by Technicon Engineering Services using the hollow-stem auger drilling
method; the auger flights were 4.25-inch inside diameter by 7.5-inch outside diameter.
Samples of the sediments encountered in the boreholes were obtained using the modified
California split-spoon, which has an inside diameter of 2.5 inches and length of 1.5 feet.
Based on the lithologic characterization of the near-surface zone from the exploration
trenching program, two basins were selected for exploration borings:
•

Creamline Basin Southeast Cell: three borings were drilled and sampled to
depths ranging from 51.5 feet to 53 feet below the basin floor; locations of the
borings are shown on Figure 2.

•

Basin No. 6 North and South Cells: a total of five borings were drilled, four
borings in the North Cell and one boring near the center of the South Cell;
depths ranged from 31.5 to 51.5 feet below the basin floor; locations for the
borings are shown on Figure 5.

Lithologic characterization of the borehole profiles was based chiefly on split-spoon
samples, which were obtained at 2.5-foot intervals to a depth of 25 feet, and at 5-foot
intervals below 25 feet. The 2.5-foot sampling frequency, combined with the 1.5-foot
split-spoon length provided samples for lithologic evaluation that were nearly continuous
in the upper 25 feet, which is the more critical zone in regard to the infiltration-limiting
effect of low-permeability strata. Split-spoon samples were occasionally obtained at
more frequent intervals at larger depths when a change in lithology was detected.
Although drill cuttings emerging from the borehole for the auger drilling method may not
reliably represent the interval being drilled, the cuttings produced between sampled
intervals were examined in the field to check for possible changes in lithology between
the sampled intervals. Small amounts of water were added to the boreholes during
drilling to stabilize the boreholes. Following completion of drilling for each borehole,
the borehole was abandoned by backfilling with drill cuttings.
Detailed lithologic descriptions for the split-spoon samples were prepared (in-house) to
more accurately characterize sediment strata encountered in the boreholes. Sediments
were described and classified in accordance with the methodology described in
Section 3.1. Although detailed descriptions are only available for the discrete sampled
intervals, field observations of the drill cuttings allowed a general evaluation of the
drilled intervals between the discrete samples below a depth of 25 feet). For the graphic
logs prepared for the borings, the drilled intervals between split-spoon samples include
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the note “EST” (for “estimated”) if the lithologic conditions based on auger cuttings were
judged to be unreliable. In this manner, the lithologic logs prepared for the boreholes
represent a reasonably reliable continuous characterization of sediments encountered in
the boreholes. Selected split-spoon samples of sediments from the borings (one to three
samples per boring) were submitted to Terracon for determination of particle size
distribution and plasticity indices.

3.4 Infiltration Testing
The purpose of the infiltration testing program was to measure large-scale operational
infiltration rates in selected TID basins to determine/document the current infiltration
capacity within the District. This formal testing process had not been done previously,
and the resultant infiltration capacities are necessary for evaluating the need for, and
potential benefits of, recharge enhancement options. The excess and long-lived surface
water deliveries to the District provided an unprecedented opportunity to conduct the
operational testing in five basins (total of seven cells). Surface water deliveries to the
District commenced in mid-January, and operational infiltration testing was conducted
during the period from January 31 through July 14, 2017 (after which all the deliveries
were needed for irrigation). Operational infiltration testing was conducted in the
following basins, some of which were investigated by the exploration trenching and/or
drilling programs for the present study (as indicated in parentheses below):
•

Creamline Basin Southeast Cell (trenching and drilling)

•

Creamline Basin Southwest Cell (no other investigations)

•

Swall Basin East Cell (no other investigations for the present study but BSK
conducted a drilling program in 2008)

•

Swall Basin Northwest Cell (no other investigations for the present study but
BSK conducted a drilling program in 2008)

•

Basin No. 3 South Cell (trenching)

•

Basin No. 6 North Cell (trenching and drilling)

•

Martin Basin (no other investigations for the present study but BSK conducted
a drilling program in 2007)

Operational infiltration rates were measured using the “falling-head” method as part of
the on-going recharge operations. The simplified version of the falling-head test method
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consists simply of measuring the decline in basin water levels over time after delivery of
water to the basin is shut off (with no releases of water from the basin other than
infiltration). Each falling-head cycle was initiated by filling the basin to a targeted height
of water and terminating the water delivery. A pressure transducer was placed on the
basin floor near the basin margin so that a continuous record of declining water level in
the basin could be obtained during the falling-head cycle. The end of the transducer
cable was secured on a pole at the top of the basin bank to allow downloading of the data
at (generally) 1-week intervals. Because all the basins had already been filled with water
to take the excess surface water deliveries, the transducers were placed in the basin
interior either by using a small raft or, where possible, by wading into the basin (for
basins that were filled to a height of 4 feet or less). Due to the availability of four
transducer setups, operational testing was conducted concurrently at (generally) four
basins/cells.
TID staff monitored the falling-head tests (downloaded the water level data) while
managing the surface water deliveries to maximize the number and length of the fallinghead cycles to the extent possible. The water level data were transmitted to M&A’s
office and was processed by M&A to calculate infiltration rates. Based on the on-going
data evaluation, M&A coordinated with TID regarding the termination of testing at each
basin and the subsequent basin to test. TID staff moved and set up the transducer at each
new basin to be tested.
The intended approach for the falling-head cycles was to conduct a minimum of three
cycles at each basin tested, with each cycle consisting of filling the basin to a height of
approximately 6 feet of water and allowing the water level to decline to 1 or 2 feet before
re-filling. However, TID’s logistical requirements for taking as much water as possible
into TID’s entire water distribution system due to the “flood release” conditions
necessitated that, for many of the operational tests, the falling-head cycles consisted of
filling the basins to variable levels and typically allowing the water levels to decline
approximately 1 to 2 feet before re-filling. In some cases, a relatively long period of
water level decline was interrupted by brief periods of discharging water to the basin,
which resulted in several “mini” falling-head cycles instead of one long and continuous
cycle. In addition, selected basins were prioritized for infiltration testing and had a larger
number of falling-head cycles and/or a larger water level decline during the cycles. The
number of falling-head cycles conducted at each of the seven basins/cells tested ranged
from 1 to 11. Overall, the number and length of falling-head cycles and the magnitude of
water decline during each cycle were variable. Despite the challenges of managing the
excessive surface water deliveries while integrating the operational infiltration tests,
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useful and relatively conclusive data for infiltration capacity of the basins was obtained
from the tests.
Water level measurements were recorded by the transducers at 15-minute intervals.
Infiltration rates were calculated as “incremental” rates by dividing a measured water
level decline by the 15-minute interval (increment) of time during which the decline
occurred and converted to feet per day (ft/day). To negate the effects of short-term or
small-scale fluctuations in the measured water levels and “smooth” the plotted infiltration
rates with time, 12-hour rolling averages were determined (i.e., average of the calculated
incremental rates for 48 consecutive 15-minute intervals). The measurements of water
level decline were not corrected for evaporation losses due to the negligible effect; the
maximum error in the calculated incremental infiltration rates is less than 5%.
Hydrographs were prepared for measured water levels and calculated incremental
infiltration rates with time. After analyzing for any trends in the incremental rates for
each falling-head cycle, the representative infiltration rate for that cycle was determined
as the most stable rate achieved during the cycle based on professional judgment.
For comparison, the average infiltration rate over the entire cycle was calculated.
The representative infiltration rates determined for all cycles for a given test were
evaluated to determine the representative overall infiltration rate for the basin. Because
infiltration rates determined in this manner are a function of the “head” (height of water
in the basin), incremental rates determined for a given value of head in one cycle should
ideally be compared to incremental rates determined for the same value of head in other
cycles. However, due to the typically substantial variability in the starting head and
relatively small magnitude of decline for many of the falling-head cycles, these
comparisons of “like conditions” were not often possible.
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4

RESULTS OF HYDROGEOLOGIC
INVESTIGATIONS
Hydrogeologic investigations conducted at the selected TID recharge basins included
lithologic characterization from the trenching and drilling programs and operational
infiltration testing. The investigations provide data for characterizing the upper part of
the vadose zone at the basins, which is the basis for evaluating current recharge capacity
and the feasibility of increasing basin recharge capacity, chiefly in regard to deepening
the basins. Results of the investigations are summarized for each basin in the following
sections; the lithologic characterization from the trenching and drilling programs is
addressed first for all basins investigated, followed by results of the operational
infiltration testing.

4.1 Lithologic Characterization
Lithologic characterization was based on exploration trenching at four basins (total of
five cells) and exploration drilling at two basins. A total of 42 trenches were excavated,
and eight borings were drilled for the present study. Trench and boring locations are
shown on Figures 2, 4, 5, and 6. More than 350 soil samples were collected for detailed
lithologic description. The samples were wet-sieved by M&A to better determine the
content of sand versus fines (silt and clay). In addition, a total of 45 samples were
submitted to Terracon for laboratory analysis of particle size distribution and plasticity
indices to provide more accurate measurements of these parameters for supporting and/or
adjusting manual descriptions. Results of laboratory analyses are summarized in
Table 1.
Lithologic descriptions and graphic logs for the exploration trenches are provided in
Appendix A. Lithologic descriptions and graphic logs for the exploration borings are
provided in Appendix B. Laboratory reports for samples submitted for laboratory
analyses are provided in Appendix C.
In the following summary of lithologic conditions encountered in the exploration
trenches and borings, the terms “fine-grained,” “medium-grained,” and “coarse-grained”
are used as general descriptors of the sediment types. The fine-grained sediments
encountered consist chiefly of sandy silt, sandy silt and clay, and clayey silt. The
medium-grained sediments consist chiefly of sandy silt/silty sand with nearly equal
amounts of sand and silt. The coarse-grained sediments consist chiefly of sand, gravelly
sand, and silty sand with very small silt content. Section 3.1 describes the five
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lithologic/permeability categories used to prepare the graphic logs, and the Explanations
on all the graphic log compilations (Figures 8 through 14) provide the specific sediment
types and particle size ranges that pertain to each lithologic/permeability category.
It is important to note that the field evaluation/estimate of silt and clay content versus
sand content in (especially) the medium-grained sediments was difficult because the sand
size was predominantly fine to very fine (Table 1). Wet sieving of the trench and boring
samples in M&A’s office following the field investigations was required to delineate
better the sand content and silt and clay content, which was important for estimating the
relative permeability and assigning the appropriate lithologic/permeability categories to
the sediment layers encountered. The laboratory results for particle size distribution and
Atterberg Limits (plasticity indices) for the selected samples submitted (Table 1) provide
accurate measurements of these parameters and were used to evaluate and adjust results
of the manual estimates.
Four sediment samples were submitted to Technicon for laboratory analysis of K sat
(together with particle size distribution and Atterberg Limits). Results of these analyses,
together with descriptions of the samples submitted, are summarized below. The sample
obtained from the Creamline Basin Southeast Cell (trench #6) targeted a medium-grained
sediment type that was very prevalent in many of the basins/cells investigated. The
remaining three samples targeted fine-grained sediment intervals that likely control
infiltration rates in the basins.
•

Creamline Basin Southeast Cell trench #6 @ 2.5-foot depth: fine sandy silt (ML)
with 56% fines, non-plastic: K sat = 7.2 x 10-6 centimeters per second (cm/sec)

•

Basin No. 3 South Cell trench #3 @ 1.5-foot depth: sandy clayey silt (ML/CL)
with 86% fines, plasticity index = 9.6: K sat = 7.6 x 10-7 cm/sec

•

Basin No. 6 South Cell trench #1 @ 4.5-foot depth: sandy clayey silt (CL) with
80% fines, plasticity index = 11.8: Ksat = 1.7 x 10-6 cm/sec

•

Basin No. 6 North Cell trench #5 @ 2.0-foot depth: sandy clayey silt (CL) with
86% fines, plasticity index = 10.1: Ksat = 3.4 x 10-6 cm/sec

Although there was a limited number of K sat analyses, these results are generally
consistent with K sat values expected for the sediment types tested (the K sat value of 7.2 x
10-6 cm/sec for the sandy silt sample may be somewhat lower than expected) and
demonstrate the impeding effect of these types of sediment layers. It is important to note
that the laboratory results generally indicate much smaller K sat values than the estimated
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permeability ranges (where “permeability” is synonymous with “infiltration capacity”)
given in the Explanations on Figures 8 through 14. This difference is due to the fact
that the permeability ranges assume that several feet of “head” is being applied, such as
occurs in a recharge basin filled with water, whereas the laboratory K sat values are based
on a unit gradient. In addition, the large-scale infiltration capacity of a given sediment
type is expected to be larger than a small-scale measurement of sampled sediments due to
the multi-scale heterogeneities inherent in an actual recharge basin. Therefore, the K sat
values should be regarded as being proportional to the infiltration capacity as opposed to
being equal to it.

4.1.1 Creamline Basin Southeast Cell
A total of eight trenches and three borings were installed in the Creamline Basin
Southeast Cell (Figure 2). The graphic logs for the eight trenches are shown together on
Figure 8. The graphic logs for the trenches are arranged from left to right representing
an overall orientation from west to east across the cell. Within this orientation, there are
three groups of trenches arranged from north to south based on their locations, as shown
on Figure 2. This arrangement of graphic logs provides a basis for comparing lithologic
conditions encountered at a given trench to the nearest trenches while also evaluating
possible stratigraphic relationships across the site.
The graphic logs for the three borings are shown on Figure 9; this figure also includes
graphic logs for the trenches to provide a complete compilation of lithologic data for the
cell. The arrangement of graphic logs on Figure 9 provides the same orientation as
described for Figure 8.
Inspection of the lithologic logs and graphic logs for the Creamline Basin Southeast Cell
trenches indicates the following:
•

Overall, lithologic and stratigraphic conditions encountered in the trenches
indicate relatively heterogeneous conditions; the trench profiles generally
include layers of most or all lithologic/permeability categories (fine, medium,
and coarse-grained sediments of very small to very large estimated
permeability).

•

At most trenches, fine-grained sediments of small estimated permeability
(sandy silt and clayey silt) were encountered in the upper 4 to 5 feet of the
basin, although medium-grained sediments of moderate estimated
permeability (silty sand/sandy silt) were also prevalent in this near-surface
zone. At trench #8, located in the south part of the cell (Figure 2), the fine-
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grained layer occurs just below the basin floor and is only 0.5-foot thick.
The consistent occurrence of fine-grained layers within this near-surface zone
suggests that these low-permeability sediments are likely continuous in this
zone across most or all of the cell and limit or control the achievable
infiltration rates in this cell (approximately 0.5 ft/day as described in
Section 4.2.1).
•

The fine-grained intervals in the upper 4 to 5 feet of the trench profiles are
underlain by a heterogeneous sequence of medium to coarse-grained
sediments with moderate to high estimated permeability to total excavated
depths. This lower interval includes substantial thicknesses of relatively clean
sand in trenches #2, #3, and #8. At trenches #5 and #6, the lower interval was
relatively homogeneous, consisting of medium-grained sediments of moderate
estimated permeability. However, at trench #5, which was the only trench
excavated to a depth of 12 feet, fine-grained sediments of very low
permeability were encountered from 11 to 12 feet.

•

Because the field characterization of the trench profiles suggested that the
primary limitation for infiltration rates is fine-grained sediments in the upper
4 to 5 feet, the Creamline Basin Southeast Cell was targeted for drilling to
determine the depth and thickness of potential underlying low-permeability
layers. Inspection of the lithologic logs and graphic logs (Figure 9) for the
exploration borings indicates the following:

•

Overall, sediments encountered in the upper part of the three borings are
reasonably similar to the nearest trenches and/or are consistent with the
lithologic relationships described above for the trenches. However, the
lithologic and stratigraphic profiles for the three borings differ from each
other substantially.

•

In the western-most boring CL-B2, sediments encountered in the depth
interval from approximately 5 to 23 feet below the basin floor are chiefly
medium-grained with moderate estimated permeability. However, this
interval is underlain by a relatively thick layer (10 feet) of (sandy) silt. A
large interval of coarse-grained sediments of very high estimated permeability
was encountered below the silt from about 35 feet to total boring depth of
53 feet.

•

In the central boring CL-B-3, chiefly coarse-grained sediments with very high
permeability were encountered in the depth interval from 5 to 29 feet below
the basin floor. A 5-foot thick layer of fine-grained sediments of low
estimated permeability was encountered from 29 to 34 feet, which was
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underlain by coarse and medium-grained sediments to total boring depth of
51.5 feet.
•

In the eastern-most boring CL-B1, fine-grained sediments of small to very
small estimated permeability were encountered in the depth interval from
12.5 to 20.5 feet below the basin floor. Alternating layers of chiefly medium
and fine-grained sediments were encountered from 20.5 to total drilled depth
of 51 feet.

The lithologic and stratigraphic conditions encountered in the exploration borings in the
Creamline Basin Southeast Cell indicate substantial heterogeneity, both vertically and
spatially. Large intervals of medium to coarse-grained sediments occur in the subsurface
at borings CL-B2 and CL-B3, which would be favorable for downward movement of
water. However, substantial intervals of fine-grained sediments were encountered in
boring CL-B1, including a shallow interval at a depth of 12.5 feet. The thick fine-grained
interval encountered in boring CL-B2 at a depth of 23 feet may be continuous with finegrained intervals encountered at depths of 29 and 32 feet in borings CL-B3 and CL-B1,
respectively, which suggests that a low-permeability layer may occur under much or most
of the cell in this depth range. This layer would be expected to cause perched water
mounding during recharge operations and likely also contributes to the low infiltration
rates achieved in this cell; ramifications in regard to basin deepening are addressed in
Section 5.2.
Results of the trench and boring characterization suggest that the central portion of the
Creamline Basin Southeast Cell may have relatively favorable lithologic conditions for
recharge. However, lithologic and stratigraphic conditions across the majority of the cell
are generally similar (and less favorable) in regard to overall permeability, and therefore,
infiltration capacity.

4.1.2 Basin No. 3 South Cell
A total of 11 trenches were installed in Basin No. 3 South Cell (Figure 4). Graphic logs
for the 11 trenches are shown on Figure 10, arranged from left to right, representing an
overall north-south orientation across the cell. Within this orientation, the groups of
trenches are arranged from west to east based on their locations.
Inspection of the lithologic logs and graphic logs for the Basin No. 3 South Cell trenches
indicates the following:
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•

Overall, lithologic and stratigraphic conditions encountered in the trenches
indicate very heterogeneous conditions, both vertically and aerially; the trench
profiles generally include layers of most or all lithologic/permeability
categories (fine, medium, and coarse-grained sediments of very small to very
large estimated permeability).

•

The common lithologic condition for most of the trenches is that fine-grained
sediments of small to very small estimated permeability (sandy silt and clayey
silt) are prevalent in most of the trenches and occur at variable depths
throughout the trench profiles. These fine-grained intervals occur at
overlapping depths at most of the trenches, suggesting that they collectively
comprise a generally continuous low-permeability interval across most or all
of this cell.

•

Medium-grained sediments of moderate estimated permeability (sandy
silt/silty sand) were also encountered at variable depths, and coarse-grained
sediments of very large permeability (sand) were encountered in several
trenches. Whereas these sediments provide preferential pathways for
infiltrating water on a local scale, they would not be expected to substantially
alleviate the large-scale impeding effect of the predominant and extensive
fine-grained intervals in the upper 10 to 11 feet of the basin floor.

•

The few intervals of coarse-grained sediments were encountered in several
trenches/locations scattered across the cell (trenches #2, #4, #7, #9, and #10),
and chiefly in the lower part of the trenches. Exploration drilling was not
conducted in the Basin No. 3 South Cell, so it is not known how deep these
coarse-grained intervals extend below 10 feet.

•

The occurrence of coarse-grained sediments right at the floor surface to a
depth of 5 feet at trench #10 is clearly a localized condition in the northeast
portion of the cell. Loose sand caused the trench to continually collapse,
preventing deeper excavation.

Due to the predominance of fine-grained sediments of small to very small estimated
permeability encountered at many depths in most of the trenches, the Basin No. 3 South
Cell would require excessive deepening to remove the sediment intervals that limit or
control the infiltration rate (approximately 0.45 ft/day as described in Section 4.2.5).
Therefore, exploration drilling was not conducted in this cell to evaluate the underlying
lithologic conditions.
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4.1.3 Basin No. 6 North Cell
A total of eight trenches and four borings were installed in Basin No. 6 North Cell
(Figure 5). Graphic logs for the eight trenches are shown on Figure 11, arranged from
left to right, representing an overall north-south orientation across the cell. Within this
orientation, there are three groups of trenches arranged from west to east based on their
locations. The graphic logs for the four borings are shown on Figure 12, together with
graphic logs for the trenches.
Inspection of the lithologic logs and graphic logs for the Basin No. 6 North Cell trenches
indicates the following:
•

Overall, lithologic and stratigraphic conditions encountered in the trenches
indicate generally less heterogeneity than encountered in the Creamline Basin
Southeast Cell and Basin No. 3 South Cell trenches, described previously.
For the Basin No. 6 North Cell trench profiles, the vertical heterogeneity
appears more significant than aerial heterogeneity.

•

It is important to note that trenches #7, #8, and #9 were located on top of a
relatively wide bench within the cell that occurs along the west and south
perimeters of the basin. The bench is approximately 4 feet higher than the
majority of the basin floor, which is accounted for in the vertical placement of
the graphic logs shown on Figure 11. Therefore, for comparing lithologic
conditions below the primary basin floor elevation, the upper 4 feet of the
graphic logs for trenches #7, #8, and #9 should be disregarded.

•

The most apparent and favorable lithologic/stratigraphic relationship is that
substantial intervals of coarse-grained sediments of large to very large
permeability (silty sand and sand) occur in approximately the lower half of
most trenches profiles. With the exception of trench #3, the top of this coarsegrained interval was encountered below depths ranging from approximately
3 to 5 feet below the primary basin floor (also applies to trenches #7, #8, and
#9 after adjusting for the bench height), although the trench #6 profile consists
almost entirely of coarse-grained sediments.

•

Heterogeneous sequences of fine, medium, and coarse-grained sediments were
encountered in the upper 3 to 5 feet of most trenches.

•

The trench #3 profile indicates a heterogeneous sequence of sediments over
the entire excavated depth of 10 feet, including a fine-grained interval of small
estimated permeability from 5.5 to 7.5 feet, underlain by medium-grained

PAGE 21

Groundwater Recharge Capacity Evaluation
Phase III: Hydrogeologic Investigations to
Maximize Recharge Capacity
sediments; the fine-grained interval appears to be discontinuous (was not
encountered in other trenches).
•

With the exception of trenches #8 and #9, low permeability sediments were
encountered in generally small intervals at varying depths and are likely
discontinuous.

•

The profiles for trenches #7 and #8 indicate medium-grained intervals of
moderate estimated permeability in the upper 3.5 to 7.5 feet, and the trench #9
profile indicates a fine-grained interval of small estimated permeability in the
upper 5 feet. However, lithologic conditions at depths below 4 feet in these
trench profiles (equivalent to the primary basin floor) are similar to the
profiles for the other trenches (excavated in the primary basin floor area).

Because the field characterization of the trench profiles suggested that lithologic
conditions at depths below the upper 3 to 5 feet of the Basin No. 6 North Cell are chiefly
coarse-grained and likely very favorable for infiltration, the cell was targeted for
exploration drilling to determine if underlying conditions would generally support or
potentially negate the favorable near-surface conditions and associated benefit of basin
deepening. Inspection of the lithologic logs and graphic logs for the borings indicates the
following:
•

With the exception of boring No.6-B1, sediments encountered in the upper
part of the four borings are reasonably similar to the nearest trenches, and the
coarse-grained sediments encountered in the lower half of the trench profiles
appear to extend to depths ranging from approximately 15 to 20 feet.

•

At boring No.6-B1, located in the northwest corner of the cell, coarse-grained
sediments of very large permeability (chiefly sand) were encountered over the
entire depth interval from the basin floor to 20 feet below the floor.

•

The lithologic and stratigraphic profiles below the coarse-grained “zone” for
the four borings are similar in that they all consist of a heterogeneous
sequence of sediments fitting within all five lithologic/permeability
categories, but the depths and thicknesses of the variable sediment types differ
between the borings.

•

Notable layers of fine-grained sediments with small to very small estimated
permeability were encountered in the intervals from 25.5 to 33 feet at boring
No.6-B1, 35 to 45 feet at boring No.6-B2, and 15 to 24.5 feet at boring
No.6-B3. Other thin layers of low-permeability sediments were also
encountered in all four borings. Based on the depths and thickness of the
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various fine-grained layers, it appears that most of the layers are generally
discontinuous between borings. However, the aerial extent of any given layer
encountered in the borings could be sufficient to cause significant perched
water mounding in localized parts of the cell. This may be particularly true
for the thick (9.5 feet) fine-grained interval encountered at a depth of 15 feet
in boring No.6-B3.
•

It should be noted that boring No.6-B4 was drilled on top of the 4-foot high
bench within the North Cell (same bench described above for trenches #7, #8,
and #9) in the southeast part of the cell. Due to the relatively large vertical
scale used on Figure 12, the graphic log for this boring was not raised 4 feet
relative to the other graphic logs, which does not alter the evaluation of
lithologic and stratigraphic relationships between the borings.

•

For purposes of evaluating overall vertical permeability of the vadose zone
(below the depths of the trenches), the lithologic profile for boring No.6-B3
appears to be the most limiting to downward movement of water due to the
9.5-foot thick fine-grained interval encountered at a depth of 15 feet and to the
occurrence of other deeper (but thin) fine-grained intervals. The lithologic
profiles at the other three borings include substantial thicknesses of medium to
coarse-grained sediments over the entire drilled depth intervals; the lithologic
profile at boring No.6-B4 appears very conducive to downward movement of
water (only two thin intervals of low-permeability sediments). The thick
(10 feet) fine-grained interval encountered at a depth of 35 feet at boring
No.6-B2 may be sufficiently deep to not limit infiltration rates, but it likely
results in significant localized perched water mounding.

Overall, lithologic and stratigraphic characterization of the exploration trenches and
borings in Basin No. 6 North Cell indicate that there are no relatively large and
contiguous portions of the cell where lithologic conditions are notably better in regard to
overall permeability, and therefore, infiltration capacity. Localized areas have larger
thicknesses of coarse-grained sediments and/or fewer or thinner fine-grained intervals
(e.g., northwest and southeast corners of the cell), but these more favorable conditions are
not laterally extensive (i.e., differ at the nearest trenches and borings). Sediments
encountered below depths of generally 3 to 5 feet are predominantly coarse-grained to
depths of 15 to 20 feet and are underlain by a heterogeneous sequence of fine, medium,
and coarse-grained layers to total drilled depths of 41 to 52 feet. Although substantial
fine-grained intervals were encountered in the borings, they do not appear to be
continuous over large areas. The fine-grained layers would likely result in perched water
mounding that is locally significant, but there are sufficient thicknesses of medium to
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coarse-grained sediments below the near-surface zone across the cell that would be
expected to provide a higher infiltration capacity than is currently being achieved
(approximately 0.25 ft/day based on only two falling-head cycles, as described in
Section 4.2.6). Therefore, removal of the generally fine-grained sediments in the upper
3 to 5 feet below the basin floor would alleviate the existing primary limitation to
infiltration rates and would increase overall infiltration capacity to the extent dictated by
the underlying heterogeneous sediments and localized fine-grained layers.
Considerations for basin deepening are further addressed in Section 5.2.

4.1.4 Basin No. 6 South Cell
A total of seven trenches were installed in Basin No. 6 South Cell (Figure 5). One
boring was drilled near the center of the cell. Graphic logs for the seven trenches are
shown on Figure 13, arranged from left to right, representing an overall north-south
orientation across the cell. Within this orientation, there are three groups of trenches
arranged from west to east based on their locations. Only one boring was drilled in the
South Cell (No.6-B5), and it was relatively shallow (31 feet). Therefore, the graphic log
for this boring is included with the trench graphic logs on Figure 13, but only the upper
15 feet of the boring graphic log is shown (the entire graphic log is given in
Appendix B).
It is important to note that basin floor for Basin No. 6 South Cell does not have a flat
topography but rather includes large soil mounds and depressed areas. The trench and
boring locations avoided the mounds but the basin floor elevations at the trenches and
boring varied somewhat (but are reasonably consistent). The graphic logs were
positioned on Figure 13 without attempting to account for possible differences in the
elevations.
Inspection of the lithologic logs and graphic logs for the Basin No. 6 South Cell trenches
and single boring indicates the following:
•

Overall, the lithologic profiles for the South Cell trenches are notably different
than the North Cell trenches (despite being adjacent to the North Cell), and
especially exhibit more aerial heterogeneity. The primary difference is that
the South Cell trench profiles contain more and/or thicker intervals of fine to
medium-grained sediments of small to moderate estimated permeability and
fewer intervals of coarse-grained sediments.

•

At most South Cell trenches, fine-grained layers of small to very small
estimated permeability were encountered at variable depths and extended to
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depths ranging from 4.3 feet below the basin floor to 11 feet (total excavated
depth of trench #7). Sediments encountered in the upper 12 feet of boring
No.6-B5 were essentially all fine-grained. Sediments of moderate to large
estimated permeability underlay the fine-grained intervals to total excavated
depths of 10 to 11 feet (except for trench #7 as noted).
•

Exceptions to the general prevalence of fine-grained conditions include
trenches #4 and #6, where no fine-grained sediments were encountered below
a depth of 0.5 foot. These trenches are both located in the central “band” of
the cell, but are separated by trench #5 and boring No.6-B5, where very thick
sequences of fine-grained sediments were encountered. The trench #4 and #6
profiles include substantial intervals of coarse-grained sediments (trench #4
also has layers of moderate permeability sediments), but these more favorable
conditions appear to be localized.

•

Similar to the North Cell, characterization of the South Cell trenches (and
boring) indicates that there are no relatively large and contiguous portions of
the cell where lithologic conditions are notably better in regard to overall
permeability, and therefore, infiltration capacity. Localized areas of more
favorable near-surface sediments clearly occur such as described above for
trenches #4 and #6, but these conditions are not extensive (i.e. conditions
differ at the nearest trenches and borings).

Based on the field characterization of the Basin No. 6 South Cell trenches, which
indicated generally large and/or deep intervals of fine-grained, low-permeability
sediments in the near-surface zone, the South Cell was not targeted for exploration
drilling. However, the one boring drilled in this cell (No.6-B5), was added to the
investigation (and only completed to 32 feet) to provide some indication of deeper
lithologic conditions in the center of the cell. As described above, the upper 12 feet of
the boring profile comprised fine-grained sediments of very small estimated permeability.
This thick fine-grained zone was underlain by coarse-grained highly permeable sediments
to a depth of 26 feet, where a 3-foot thick fine-grained layer was encountered (with
coarse-grained sediments at the bottom of the boring). Although this single boring does
not provide sufficient characterization of the deeper sediments in the South Cell to
evaluate recharge feasibility, the generally large depths and thicknesses of fine-grained
sediments in the near-surface zone would require excessive excavation to remove the
sediments that likely limit or control infiltration rates. Therefore, additional
characterization of deeper sediments in this cell was not warranted.
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4.1.5 Basin No. 8
A total of eight trenches were installed in Basin No. 8 (Figure 6). Graphic logs for the
eight trenches are shown on Figure 14, arranged from left to right, representing an
overall north-south orientation across the cell. Within this orientation, there are three
groups of trenches arranged from west to east based on their locations.
It is important to note that basin floor for Basin No. 8 has a substantially variable
topography with mounded and depressed areas, including a relatively deep channel that
divides the northwest and southeast portions of the basin. The trench locations avoided
the highest and lowest areas so that the basin floor elevations at the trenches were
reasonably similar. Therefore, the graphic logs were positioned on Figure 14 without
attempting to account for possible differences in the elevations.
Inspection of the lithologic logs and graphic logs for the Basin No. 8 trenches indicates
the following:
•

Overall, lithologic and stratigraphic conditions encountered in the trenches
indicate substantial heterogeneity across the basin, both spatially and
vertically (to total excavated depths). The sediments encountered in all the
trenches are represented by four of the five lithologic/permeability categories
(all five categories for two of the trenches).

•

The most apparent and also most critical lithologic/stratigraphic relationship is
that substantial intervals of fine-grained sediments of small to very small
estimated permeability (sandy silt and clayey silt) were encountered at
variable depths and thicknesses and extended to depths ranging from 5.5 to
11 feet below the basin floor. Relatively thick sequences of fine-grained
sediments were encountered in trenches #1, #3, #4, and #8 (thickness ranged
from 3.5 to 6 feet), while relatively thin fine-grained layers were encountered
at the remaining trenches (#2, #5, #6, and #7).

•

Comparison of the graphic logs on Figure 14 indicates that fine-grained
intervals were encountered within the general depth range from about 3 or
4 feet to 7 feet (or more) below the basin floor in all the trenches. Although
the fine-grained intervals in several of the trenches within this depth range
were very thin, their presence in all the trenches suggests that a relatively
continuous layer or zone of fine-grained sediments (of variable thickness) may
be continuous across most or all of the basin within this depth range.
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•

Operational infiltration testing was not conducted in Basin No. 8; therefore,
the infiltration capacity of the basin has not been measured. However, TID
staff has observed that infiltration rates in this basin are very low. This
anecdotal information supports the occurrence of a relatively continuous zone
of fine-grained sediments in the shallow subsurface that is limiting infiltration
rates to very low levels.

•

Three of the four trenches at which the shallow fine-grained zone described
above is thin (trenches #2, #5, and #7) are located in the central part of the
basin, and the fourth (trench #6) in located in the northwest part of the basin
(Figure 6). If the shallow fine-grained zone in the vicinity of these trenches
is, in fact, discontinuous, it is possible that these general areas may have
relatively favorable near-surface conditions for infiltration assuming that the
upper 2 feet of fine-grained sediments would be removed (trenches #5 and #6
have fine-grained sediments in the upper 2 feet). Medium to coarse-grained
sediments of moderate to very large estimated permeability underlay the thin
fine-grained intervals to total excavated depth of 11 feet in these four
trenches.

•

Due in part to the prevalence and large depth of fine-grained sediments
encountered in about half of the trenches, exploration drilling was not
conducted in Basin No. 8. Therefore it is not known if lithologic conditions
below the trenched depths are conducive or limiting to infiltration, which
would be particularly useful in further evaluating the basin areas where
lithologic conditions in the upper 11 feet appear relatively favorable for
infiltration (i.e., trenches #2, #5, #6, and #7 at which the shallow fine-grained
zone is very thin). In any event, deepening Basin No. 8 to significantly
increase infiltration capacity would require excessive excavation of a large
part of the basin and would not be cost-effective.

4.1.6 Swall Basin
Exploration trenching and drilling were not conducted in the Swall and Martin Basins as
part of the study. However, drilling investigations for subsurface lithologic
characterization were previously conducted for the Swall Basin site (BSK, 2008) and
Martin Basin site (BSK, 2007). These investigations were conducted to support the
acquisition of land for recharge basins and for the recharge basin design. BSK’s reports
for these investigations provide useful information for subsurface lithologic conditions
and were used in the present study, together with results of operational infiltration testing,
to evaluate the feasibility of recharge enhancements at these basins. Because the District
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already possesses these reports, they are not provided in this report but are referenced in
Section 7.
In 2008, BSK drilled a total of eight borings at the Swall Basin site at locations that
would become the Northwest, Southwest, and East Cells; boring locations are shown on
Figure 3. The lithologic and stratigraphic characterization provided in the BSK report is
based on specified depths below the original land surface. Based on results of BSK’s
characterization, the Swall Basin East Cell and Northwest Cell were excavated to depths
of approximately 8 feet and 10 feet, respectively (estimated from M&A’s field
observations and input from the District). The Southwest Cell floor is assumed to also be
10 feet below the original land surface. Therefore, the present summary of subsurface
conditions is based on specified depths below the basin floor (disregards the interval of
sediments that were excavated). The borings were drilled to depths ranging from 25 to
51 feet below the original land surface, which corresponds to depths of approximately
15 to 41 feet below the basin floors. The BSK report includes detailed lithologic
descriptions of the borings and a lithologic cross-section, which are the basis of the
following summary of subsurface conditions, adjusted to account for the depths of the
basin floors:
•

The Swall Basin cells were excavated to their existing depths of
approximately 8 to 10 feet to remove a relatively thick surface interval of silty
sand and intersect an underlying zone of relatively clean sand in areas that
correspond to approximately the north half of the Northwest Cell and most or
all of the East Cell). The sand layer presumably occurs at or near the basin
floor of these areas and extends to depths of approximately 10 below the basin
floors. Large “streaks” of surface sand are visible in portions of the East Cell.
In the area of the Southwest Cell and approximate south half of the Northwest
Cell, the silty sand sediments extend several feet below the existing basin
floors and are underlain by layers of sand, silty sand, and sandy/silty clay of
varying thickness (up to 4 or 5 feet thick).

•

Sediments in the interval underlying the upper 10 feet of the basin floors
(described above) appear to consist of generally fine-grained sediments. This
fine-grained interval is approximately 3 to 5 feet thick in the area of the
Southwest Cell and south half of the Northwest Cell and comprises chiefly
sandy or clayey silt. The corresponding fine-grained interval in the north half
of the Northwest Cell and all of the East Cell ranges in thickness from
approximately 4 to 10 feet and comprises chiefly sandy or silty clay with
some sandy or clayey silt lenses.
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•

The fine-grained interval is underlain by a layer of silty sand across all cells of
the Swall Basin; this layer is 10 to 12 feet thick in the area of the Southwest
Cell and south half of the Northwest Cell but thins to approximately 4 to
7 feet thick in the north half of the Northwest Cell and the East Cell. Where
the silty sand layer thins, a lens of sandy or silty clay occurs below the silty
sand, ranging in thickness from approximately 2 to 7 feet.

•

Underlying the chiefly sandy silt layer described above at a depth of
approximately 25 feet below the basin floors (and extending to total drilled
depths) is a thick interval of variable sediment types and thicknesses,
including lenses of fine-grained sediments, silty sand, and sand. This lower
zone is approximately 11 to 13 feet thick.

•

Overall, sediments underlying the basin floor in all three Swall Basin cells to a
depth of approximately 10 feet are either coarse-grained sand with large to
very large estimated permeability (Northwest Cell and all of the East Cell) or
medium-grained silty sand with moderate estimated permeability, and would
be expected to support substantial infiltration capacity in the cells. However,
the underlying fine-grained interval encountered in all the borings has small
estimated permeability, is relatively thick, and may be continuous across the
entire Swall Basin area (as implied by BSK’s lithologic cross-section).
Because this fine-grained interval is only 10 feet below the basin floors, it is
likely that it limits or controls the sustainable infiltration rates in these cells
(approximately 0.45 to 0.5 ft/day based on the operational infiltration tests, as
described in Sections 4.2.3 and 4.2.4), which are much lower than would be
expected for the overlying sand and/or silty sand.

4.1.7 Martin Basin
In 2007, BSK drilled a total of five borings at the Martin Basin site at locations that
would become the recharge cell and the regulation cell; boring locations are shown on
Figure 7. The lithologic and stratigraphic characterization provide in the BSK report is
based on specified depths below the original land surface. Based on results of BSK’s
characterization, the Martin Basin recharge cell was excavated to a depth of
approximately 8 or 9 feet. Therefore, as for the Swall Basin lithologic evaluation, the
present summary of subsurface conditions is based on specified depths below the basin
floor. The borings were drilled to depths ranging from 20 to 25.5 feet below the original
land surface, which corresponds to depths of approximately 11 to 16.5 feet below the
basin floor. The BSK report includes detailed lithologic descriptions of the borings and a
lithologic cross-section. Due to the relative consistency of subsurface conditions
encountered in the borings, the narrative provided in BSK’s report is simple, and the
PAGE 29

Groundwater Recharge Capacity Evaluation
Phase III: Hydrogeologic Investigations to
Maximize Recharge Capacity
following description includes (slightly revised) excerpts from the report, with specified
depths adjusted as warranted to account for the depths of the basin floor:
•

Subsurface soils encountered beneath the site were relatively consistent
between the borings.

•

Silty sand, with varying silt content, was encountered in all borings (with the
exception of boring B-4, located in the northwest corner of the basin) in the
interval from the original land surface to depths ranging from 8 to 11 feet.
The content of fines within this surface interval was measured to vary from
approximately 20% fines up to 50% fines. Boring B-4 encountered silty
sand/sandy silt in the upper 9 feet. Note that this upper silty sand zone was
largely removed by excavating the basin.

•

A layer of sandy silt was encountered below the surface silty sand interval in
all borings (although the silt content appeared to be just a little higher than
50%). The thickness of the sandy silt interval was 3 to 4 feet. This sandy silt
layer presumably comprises the sediments on and directly below the existing
basin floor.

•

Sediments encountered in the borings below the sandy silt layer in the
approximate depth range of 4 to 10 feet below the basin floor were somewhat
variable but included chiefly silty sand and sand, which would be expected to
comprise good infiltration media. However, sandy silt was encountered in the
bottom of some of the borings and may represent another sandy silt interval,
but the thickness and continuity of this layer cannot be determined from these
borings. The top of this sandy silt layer occurs at a depth of approximately
9 to 10 feet below the basin floor.

•

Overall, sediments underlying the basin floor in the Martin Basin to a depth of
approximately 3 to 4 feet appear to comprise fine-grained sandy silt with
small estimated permeability, which were underlain by an approximately
6-foot thick interval of medium and coarse-grained sediments of moderate to
large estimated permeability, and possibly another fine-grained interval of
unknown thickness (at bottom depths of the borings). The fine-grained nearsurface sediments in the basin would likely be the most limiting or controlling
factor for sustainable infiltration rates (approximately 0.6 ft/day based on the
operational infiltration tests, as described in Section 4.2.7). Due to the
shallow depths of the borings and the large depth of the Martin Basin, this
drilling program only characterized subsurface conditions to depths of 11 to
16 feet below the existing basin floor, and it is possible that additional
impeding layers occur below this depth interval (as suggested by the sandy silt
PAGE 30

Groundwater Recharge Capacity Evaluation
Phase III: Hydrogeologic Investigations to
Maximize Recharge Capacity
encountered in the bottom of several borings) that might also limit infiltration
capacity. Drilling and trenching were not conducted in the Martin Basin
because the planned Parjana study would have provided additional funding
and opportunities for lithologic characterization.

4.1.8 Lithology of Deeper Zones
Data for hydrogeologic characterization of the deeper vadose zone and aquifer sediments
in the northcentral part of the District was available from drilling and installation of four
dual-completion monitor wells in this region (BSK, 2016). BSK’s report included
drillers’ logs and geophysical logs (E-logs), which provide a reasonable overall
characterization of lithologic conditions to relatively large depths, but none of these wells
are sufficiently close to the TID basins investigated for the present study to reliably apply
the deeper characterization to the basin sites. In addition, the drillers’ logs consist of
brief and very general sediment types with many intervals of “lumped” sediment types
and are therefore difficult to use in evaluating the recharge characteristics. The one
possible exception in regard to proximity of these wells to a TID basin is Well #1, which
is located approximately 1.25 miles south of the Martin Basin. The driller’s log for this
well indicates “brown clay” in the top 40 feet, underlain by “medium sand” to a depth of
60 feet, with sand and clay to 80 feet and clay to 120 feet. The driller’s log also indicates
a predominance of clay in the interval from 260 to 360 feet, which likely corresponds to
the Corcoran Clay. E-logs for this well indicate a general alternating sequence of lowresistivity (fine-grained) and high-resistivity (coarse-grained) sediments. The depth
intervals from approximately 150 to 350 feet and 510 to 660 feet bls chiefly comprise
low-resistivity sediments; the shallower of these two intervals could correspond to the
Corcoran Clay.

4.2 Operational Infiltration Testing
Operational infiltration rates were measured using the falling-head method as part of the
on-going recharge operations. As described in Section 3.4, the number and length of
falling-head cycles and the magnitude of water decline during each cycle were variable.
Despite the challenges of conducting the operational tests while managing the excessive
surface water deliveries to the District, useful and relatively conclusive data for
infiltration capacity of the basins were obtained from the tests. The following
considerations are important for evaluating the test results and their applicability to the
overall recharge feasibility assessment:
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•

Results of operational infiltration testing provide direct measurements of the
actual infiltration capacity of the basin tested under the actual conditions of
basin use and the surface water discharged to the basin. The measured
infiltration capacity is a function of the combined or cumulative effects of the
surface and subsurface sediment stratigraphy, inclusive of all large-scale and
small-scale heterogeneities. Whereas these results are ideal for evaluating the
existing infiltration capacity of the TID basins, the operational tests do not
provide data for evaluating the infiltration capacity of specific sediment
intervals.

•

Because the incremental infiltration rates determined through the falling-head
method for these operational tests are a function of the “head” (height of water
in the basin), incremental rates determined for a given value of head in one
cycle should ideally be compared to incremental rates determined for the same
value of head in other cycles. However, due to the typical variability in the
starting head and relatively small magnitude of decline for many of the
falling-head cycles, these comparisons of “like conditions” were not often
possible, especially when comparing results for different basins.

•

Conducting multiple falling-head cycles for each test was intended to provide
sufficient data to determine if a relatively steady infiltration rate was
established, which would be considered the representative infiltration rate.
Because the basins had been filled and were recharging water for a substantial
period before the operational testing, relatively steady infiltration rates might
have been expected shortly into the test. However, as described above, the
variability in the starting heads and ending heads of the falling-head cycles for
a given test contributed to the differences in the representative infiltration
rates determined for the falling-head cycles for some basins/tests.

•

Infiltration rates measured over the test duration might have been affected by
basin “clogging” due to the deposition of suspended sediments (silt and clay)
in the surface water delivered; at times, the water deliveries were observed to
be substantially silt-laden. Due to the large rates and long duration of the
surface water deliveries in 2017, it is possible that basin clogging had a larger
effect on the infiltration rates than would occur with smaller winter deliveries.
If true, the measured operational infiltration rates might represent
conservatively small estimates of achievable infiltration capacity, but this
condition could also be considered a more appropriate measure of sustainable
infiltration capacity in evaluating the overall recharge capacity of the District.
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•

A potentially critical “unknown” factor in evaluating the infiltration test
results is the effect that shallow perched water mounding might have had on
limiting or controlling infiltration rates. If a perched water mound developed
above a relatively continuous low-permeability layer in the subsurface and
rose to the basin floor during recharge operations, the measured infiltration
rates might be chiefly controlled by the low-permeability layer rather than the
near-surface sediments. This is an important factor in evaluating recharge
basin enhancements. Additional monitoring of subsurface conditions using
shallow piezometers installed above sediment intervals of concern would be
required to evaluate the effect of perched water conditions.

Operational infiltration testing was conducted at five basins (total of seven cells). Results
of the operational infiltration tests are summarized in Table 2, which provides the
starting water level height (head), total water level decline, and two separate estimates of
the associated infiltration rate determined for each falling-head cycle. The first estimate
is labeled “Calculated Cycle Infiltration Rate” and is the average infiltration rate over the
entire cycle, which is used chiefly for comparison purposes. As described in Section 3.4,
after analyzing for any trends in the incremental rates for each falling-head cycle, the
“Representative Cycle Infiltration Rate” was determined as the most stable rate achieved
during a substantial portion of the cycle based on professional judgment. The
representative infiltration rates determined for all cycles for a given test were evaluated
to determine the “Representative Overall Infiltration Rate” for the test.
It is important to note that the water level declines for each falling-head cycle for a given
basin were evaluated for consistency and continuity, both within each cycle and in
relation to other cycles conducted at the given basin. For most basins, one or more
falling-head cycles exhibited inconsistent or aberrant water level responses/trends and
associated incremental infiltration rates calculated based on these questionable responses.
Based on M&A’s professional judgment, selected falling-head cycles with inconsistent or
aberrant behavior were determined to be unrepresentative and/or unusable and were
excluded from further analysis. In many cases, the inconsistent behavior was likely due
to relatively small, periodic (or continuous) inflows of water into the recharge cell being
tested from the associated regulation cell during the falling-head cycle in question. This
condition was likely unavoidable due to the very large and continuous surface water
deliveries (flood release conditions in TID’s water distribution system). The result of
adding water to a basin/cell during a falling-head cycle would be smaller water level
declines with time and associated underestimation of infiltration rates. For some of the
excluded falling-head cycles, the reason for the inconsistent rates of water level decline is
not clear.
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Relevant aspects of the operational tests conducted in each basin/cell are described in the
following sections.

4.2.1 Creamline Basin Southeast Cell
Operational infiltration testing was conducted at the Creamline Basin Southeast Cell from
January 30 through March 16 (45 days). During this period, a total of five “usable”
falling-head cycles were observed. Duration of the falling-head cycles ranged from 48 to
180 hours.
A hydrograph of basin water levels recorded during testing at the Creamline Basin
Southeast Cell is shown on Figure 15. Incremental infiltration rates computed from the
continuous water level data for this cell is shown on Figure 16, which allows evaluation
of trends in infiltration rate with time during each falling-head cycle. As described in
Section 3.4, the graphed values are 12-hour rolling averages of the calculated incremental
infiltration rates. Test results indicate the following:
•

The highest infiltration rates for the entire test were observed during the first
and longest falling-head cycle (FH-1). During this cycle, average infiltration
rates ranged from 0.37 to 0.88 ft/day. The rates were highest near the
beginning of the cycle and generally declined as the cycle progressed due to
decreasing head.

•

Infiltration rates observed during the remaining falling-head cycles (FH-2
through FH-5) were generally similar (including similar variation), ranging
overall from 0.40 to 0.62 ft/day.

•

For all falling-head cycles, the incremental infiltration rates appear to indicate
a series of consecutive increasing and decreasing trends. Although the cause
of this behavior is not certain, the District has indicated it was likely due to
small periodic releases of water into the basin during the cycles to
accommodate fluctuations in the District distribution system. During the first
cycle, M&A’s field geologist observed water occasionally overtopping the
inflow gate.

•

Representative infiltration rates for each falling-head cycle were estimated
based on all calculated incremental infiltration rates during the cycle
(Table 2). Representative cycle infiltration rates were typically 0.5 ft/day but
ranged as high as 0.6 ft/day. Based on comparison of the results for the five
falling-head cycles, the overall representative rate for the Creamline Basin
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Southeast Cell was determined to be 0.5 ft/day for an average head of 4 to
5 feet.

4.2.2 Creamline Basin Southwest Cell
Infiltration testing was conducted at the Creamline Basin Southwest Cell from February 7
through March 16 (37 days). During this period, a total of five usable falling-head cycles
were observed. Duration of the falling-head cycles ranged from 25 to 80 hours. A
hydrograph of basin water levels recorded during the test period is shown on Figure 17.
Computed average (incremental) infiltration rates are shown on Figure 18. Test results
indicate the following:
•

Infiltration rates observed during all the falling-head cycles (FH-1 through
FH-5) follow a similar trend: rates increase sharply at the beginning of the
cycle, become relatively stable, and then decrease sharply at the end of the
cycle. The cause of this unusual pattern, repeated for all cycles, is uncertain.
It may be related to water eventually overtopping the inflow gate (as described
above for the Southeast Cell) after the basin has been filled and the gate
closed. It is also possible (but speculative) that it is related to shallow perched
water mounding that rises and eventually reduces the infiltration rates at the
surface. Note that this sharp reduction in infiltration rates is not believed to be
due solely to decreasing head, although it likely contributes to the trend.
Infiltration rates at the beginning and end of the cycles are not considered
representative.

•

Infiltration rates observed during the stable portions of the falling-head cycles
were relatively similar, ranging from 0.42 to 0.58 ft/day. The lowest
infiltration rates were observed for cycle FH-4, for which the smallest head
occurred.

•

Representative cycle infiltration rates estimated for the five cycles range from
0.44 to 0.53 ft/day (Table 2). Based on comparison of the results for the five
falling-head cycles, the overall representative rate for the Creamline Basin
Southwest Cell was determined to be 0.5 ft/day for an average head of 3 to
4 feet.

4.2.3 Swall Basin East Cell
Infiltration testing was conducted at the Swall Basin East Cell from February 7 through
June 9 (122 days). During this period, four usable falling-head cycles were observed.
Duration of the falling-head cycles ranged from 55 to 186 hours. A hydrograph of basin
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water levels recorded during the test period is shown on Figure 19. Computed average
(incremental) infiltration rates are shown on Figure 20. Test results indicate the
following:
•

The highest infiltration rates were observed during the first and longest
falling-head cycle (FH-1). During this cycle, infiltration rates ranged from
0.48 to 0.69 ft/day. The rates were highest near the beginning of the cycle and
generally declined along a relatively consistent trend as the cycle progressed,
which is due to decreasing head (declined from 7.5 to 3.1 feet). However,
based on the notably smaller infiltration rates observed for the remaining
cycles, it is possible that deposition of suspended fine-grained sediments in
the water resulted in clogging of the basin floor. This interpretation is not
certain because the average heads for the remaining cycles were also smaller
than for the first cycle.

•

Infiltration rates observed during falling-head cycles FH-2, FH-3, and FH-4
were very similar (within each cycle and between cycles), ranging overall
from 0.39 to 0.48 ft/day. The observed rates indicate a slightly decreasing
trend, which is due to decreasing head.

•

Representative cycle infiltration rates estimated for the four cycles range from
0.42 ft/day to 0.55 ft/day (Table 2). Based on comparison of the results for
the four falling-head cycles, the overall representative rate for the Swall Basin
East Cell was determined to be 0.45 ft/day for an average head of 5 to 6 feet.

4.2.4 Swall Basin Northwest Cell
Infiltration testing was conducted at the Swall Basin Northwest Cell from March 10
through April 20 (41 days) but only one falling-head cycle could be conducted (at the
beginning of the test period) due to the on-going filling of the cell and simultaneous
pumping of water out of the cell and into the East Cell. The duration of the falling-head
cycle was 164 hours. A hydrograph of basin water levels recorded during the test period
is shown on Figure 21. Computed average (incremental) infiltration rates are shown on
Figure 22. Test results indicate the following:
Infiltration rates observed during the single falling-head cycle (FH-1) ranged from
0.40 to 0.72 ft/day. Rates fluctuated within this range and appear to indicate a series of
consecutive increasing and decreasing trends. Although the cause of this behavior is not
certain, it was likely due to small periodic releases of water into the basin during the
cycle or perhaps pumping of water out of the basin and into the East Cell (described
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above). The overall representative rate for the Swall Basin Northwest Cell (based on
only one cycle) was determined to be 0.53 ft/day for an average head of 6.5 feet.

4.2.5 Basin No. 3 South Cell
Infiltration testing was conducted at the Basin No. 3 South Cell from March 16 to June 9
(85 days). During this period, five usable falling-head cycles were observed. Duration of
the falling-head cycles ranged from 33 to 102 hours. A hydrograph of basin water levels
recorded during the test period is shown on Figure 23. Computed average (incremental)
infiltration rates are shown on Figure 24. Test results indicate the following:
•

Inspection of water level data indicate that at least nine falling-head cycles
occurred during the test period. However, water level data indicate that
relatively continuous inflow likely occurred during four of the cycles. During
these cycles, computed infiltration rates were generally less than 0.18 ft/day
and were considerably less than rates observed during the other five cycles.
Infiltration rates measured during these periods are considered
unrepresentative of the basin sediments and were excluded from further
analysis.

•

Infiltration rates measured during the selected five cycles (FH-1, FH-2, FH-3,
FH-4, and FH-5) are more comparable than for the excluded cycles and are
believed to be more representative of the basin sediments.

•

During falling-head cycles FH-1 through FH-5, infiltration rates indicated a
large overall range from 0.20 to 0.74 ft/day. The highest rates were observed
during cycles FH-1 and FH-3 (ranging from 0.4 to 0.72 ft/day), while rates
observed for cycles FH-2, FH-4, and FH-5 were comparable and ranged from
0.2 to 0.51 ft/day. The reason for this discrepancy is not certain, especially
because the average heads were similar for all five cycles. It is possible that
the cycles with the smaller observed infiltration rates were also affected to
some degree by on-going inflow. The reliability of the measured infiltration
rates is likely questionable, but the overall rate determined from evaluation of
all cycles is likely reasonably representative of the basin sediments.

•

During the FH-1, FH-2, FH-3, FH-4, and FH-5 cycles, infiltration rates
declined sharply along relatively consistent trends as the cycles progressed.
The decreasing trends are likely a function of decreasing head, which is more
pronounced for these cycles because the average head (1 to 2 feet) was much
smaller than for other basins/cells tested.
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•

Representative cycle infiltration rates estimated for the five cycles range from
0.35 to 0.55 ft/day (Table 2). Based on comparison of the results for the five
falling-head cycles, the overall representative rate for the Basin No. 3 South
Cell was determined to be 0.45 ft/day for an average head of only 1 to 2 feet.

4.2.6 Basin No. 6 North Cell
Infiltration testing was conducted at the Basin No. 6 North Cell from June 15 to July 14
(29 days). During this period, two usable falling-head cycles were observed. A
hydrograph of basin water levels recorded during the test period is shown on Figure 25.
Computed average (incremental) infiltration rates are shown on Figure 26. It should be
noted that the pressure transducer for measuring water levels (heads) was placed on top
of the 4-foot high bench that occurs along the south and west periphery of the cell
(Figure 5). Therefore, the actual heads were 4 feet larger across the majority of the cell
than was measured. The head values given in Table 2 for this infiltration test were
adjusted by adding 4 feet. Test results indicate the following:
•

Duration of the first falling-head cycle (FH-1) was 68 hours. During the FH-1
cycle, infiltration rates ranged from 0.20 to 0.30 ft/day. Infiltration rates
generally increased along a relatively consistent trend as the cycle progressed
and peaked at 0.30 ft/day before declining to 0.27 ft/day at the end of the
cycle.

•

Duration of the second falling-head cycle (FH-2) was 240 hours, nearly
4 times longer than FH-1. The observed infiltration rates indicated similar
magnitudes and trends as for FH-1 except that the initial rising trend was
interrupted by a period of relatively steady rates.

•

In general, the initial increasing trend in observed infiltration rates during both
cycles is unusual (especially considering that the head is decreasing) and
suggests that there might be a loss of water from the cell other than through
infiltration. However, if this was the case, the measured infiltration rates
would be expected to be substantially larger than 0.2 to 0.3 ft/day. (Note that
evaporation loss is less than 0.5 inch per day, which is much less than the
measured infiltration rates.) Assuming that there is no means of outflow from
the North Cell, it can only be concluded that the infiltration rates increased for
an extended period during the cycles.

•

Despite the questionable trends described above, infiltration rates observed
during the two falling-head cycles vary over a relatively small range and are
believed to be relatively reliable. Representative cycle infiltration rate
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estimated for both cycles was 0.25 ft/day (Table 2). Therefore, the overall
representative infiltration rate for the Basin No. 6 North Cell was determined
to be 0.25 ft/day for an average head of 5 feet. This is the smallest infiltration
rate measured for all the basins/cells tested.

4.2.7 Martin Basin
Infiltration testing was conducted at the Martin Basin from March 16 through August 4
(141 days). During this period, 10 usable falling-head cycles were observed. Duration of
the falling-head cycles ranged from 35 to 115 hours. A hydrograph of basin water levels
recorded during the test period is shown on Figure 27. Computed average (incremental)
infiltration rates are shown on Figure 28. Test results indicate the following:
•

Inspection of the water level data indicate that at least 13 falling-head cycles
occurred during the testing period. However, water level data indicate that
inflow occurred during several cycles. A total of 10 falling-head cycles were
considered for analysis.

•

The first falling-head cycle conducted from April 1 through April 19 appears
to have been interrupted by small amounts of inflow throughout the cycle and
a notable amount of inflow about midway through the cycle. Therefore, only
the first part of the cycle (FH-1) was used for infiltration rate analysis.

•

Another notable falling-head cycle not used for infiltration rate analysis
started on June 23; water levels declined sharply, resulting in
uncharacteristically high infiltration rates (more than 2 ft/day). The sharp
decline in water level suggests that there might be a loss of water from the
basin other than through infiltration, but there is no apparent means for such a
loss. This cycle was disregarded based on the assumption that there must be a
plausible explanation for the anomalous results.

•

During the FH-1 cycle, infiltration rates increased from 0.53 ft/day to rates as
high as 0.86 ft/day. Infiltration rates declined at the end of the cycle, just
before the inflow interruption occurred. Although the second portion of the
cycle was excluded from analysis due to the inflows, the rates continued
decreasing during this period as the head declined substantially.

•

Infiltration rates observed during falling-head cycles FH-2 through FH-8
follow a similar trend. Infiltration rates as high as 1.48 ft/day were observed
at the beginning of the cycles, followed by an immediate sharp decline as head
decreased. These results demonstrate that relatively high infiltration rates
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(1 ft/day or more) might be sustainable in this basin if large heads are
maintained.
•

For all falling-head cycles except for FH-1, as head dropped below
approximately 6 feet, infiltration rates generally stabilized at values within the
range of 0.3 to 0.5 ft/day. For cycles FH-9 and FH-10, the beginning heads
were 6.3 feet, and the associated infiltration rates started at 0.5 ft/day and
declined to 0.3 ft/day. It is important to note that the heads used throughout
the test at the Martin Basin were relatively large, ranging from 8 feet to
4.5 feet (end of cycle FH-10). The substantially lower infiltration rates at
heads smaller than 6 feet (which is still a relatively large head) again
demonstrates the particularly high dependence of infiltration rates on the head
at this basin.

•

Representative cycle infiltration rates estimated for the 10 cycles ranged from
0.4 to 0.8 ft/day (Table 2). Based on comparison of the results for the
10 falling-head cycles, the overall representative rate for the Martin Basin was
determined to be 0.6 ft/day for an average head of 4 to 6 feet. However, as
described above, at heads greater than about 6 or 7 feet, sustainable infiltration
rates are significantly higher, perhaps more than 1 ft/day.
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5

EVALUATION OF RECHARGE FEASIBILITY
Analysis and comparison of lithologic information derived from the exploration trenches
and borings provides a basis for evaluating occurrence, thickness, and distribution of
near-surface sediment strata that likely control the current infiltration capacity of the
recharge basins investigated and for identifying subsurface sediment strata that may
potentially impede infiltration. Results of the operational infiltration tests allow
quantification of the existing infiltration capacity of these basins, which is critical for
evaluating the District’s overall recharge capacity. In addition, this hydrogeologic
characterization provides a baseline for evaluating the extent of infiltration rate
improvement that might be achieved through basin deepening, and therefore, the
feasibility and cost-effectiveness of basin deepening. It is important to note that budget
constraints limited the number of basins that could be investigated for the present study,
as well as the type or extent of investigations at selected basins. Therefore, the present
evaluation of recharge feasibility does not address all District recharge facilities. Despite
this partial assessment, the hydrogeologic characterization conducted in the recharge
basins/cells prioritized for this study provides valuable information for evaluating the
feasibility of recharge enhancements at many of the basins in the north half of the
District, which may be more operationally important.
The feasibility of enhancing recharge capacity within the District depends on several
important considerations that have been addressed to varying degrees in this study,
including:
•

Estimates of infiltration capacity for the basins in their current state and estimated
capacity if the basins would be deepened to reach more favorable infiltration
media. The potential enhancement of infiltration capacity in selected basins is
evaluated based on: (1) results of the lithologic and stratigraphic characterization
from the trenching and drilling programs and the estimated infiltration rates
inferred from this characterization; and (2) comparison and correlation of
lithologic conditions encountered in the TID basins to similar sediment lithologies
and associated infiltration test results (including operational infiltration rates) for
other recharge feasibility assessments that M&A has conducted.

•

Evaluation of feasible overall recharge rates, potential constraints and
opportunities, conceptual modifications to recharge basin design (i.e., depth), and
other factors for achieving recharge capacity goals.
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•

Analysis of the feasibility and cost-effectiveness of possible strategies for
improving overall infiltration capacity in the District.

5.1 Existing Recharge Capacity within the District
There are two primary sources of recharge capacity within the District related to the
District’s water distribution system: (1) constructed recharge basins (and regulation
basins, although not maintained to maximize recharge); and (2) the extensive system of
water delivery canals to the recharge basins and associated irrigation ditches that deliver
water to farms. Additional sources of recharge capacity, implemented for the first time in
2017, include flooding of farm fields if and when appropriate based on crop type (nut
trees versus annual vegetable and cotton crops) and planting schedules, and use of
existing borrow pits (depressions created by excavating material that was used for fill
material in farming operations).
It is important to note that another source of recharge that occurs continuously and
diffusely throughout the District is the deep percolation of applied irrigation water that is
not used consumptively by the crops or evaporated. Although the “recharge rate” for
deep percolation is very small and difficult to estimate, it is occurring over the very large
area of farm fields within the District. HydroMetrics WRI (2015) reported that the
average annual volume of deep percolation (or “irrigation return flows”) in the District
from 1999 through 2012 was estimated to be approximately 65,100 AF. For the present
study, this very large volume of recharge is not considered a component of the District’s
“recharge capacity” in regard to evaluating recharge enhancement opportunities, but
clearly is an important component of the District’s water balance. Similarly, the
contribution of precipitation to total recharge volume is not a component of recharge
capacity. HydroMetrics WRI (2015) reported that the average annual volume of
percolation of precipitation (minus evaporation) in the District from 1999 through 2012
was estimated to be approximately 11,400 AF.

5.1.1 Existing Recharge Capacity of TID Basins
Results of operational infiltration testing provide the most accurate estimates of the
infiltration capacity of the basins/cells investigated to date. The tests were conducted at
seven recharge cells (five basins), all located in approximately the north half of the
District. Although the tests targeted the basins/cells of most interest or importance, there
are 17 “recharge” cells (includes Basin No. 3 North Cell) in the District totaling
923 acres; the cells tested represent a total of 263 acres, which is only 29% of the total
recharge cell area. Therefore, the infiltration capacity of the majority of recharge cells
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and all of the regulation cells has not been determined through testing, which means that
estimates of recharge capacity of the District’s basins requires assumptions regarding
infiltration rates for most basins/cells.
A listing of all basins/cells in the District (recharge and regulation) and associated floor
areas is given in Table 3. These acreages were determined by M&A based on digital
analysis of the investigated basins/cells using Geographic Information Systems (GIS) and
BINGTM imagery and on acreages listed in Table 3 of HydroMetrics WRI’s 2015 report
for the remaining basins (these acreages were also determined by digital analysis). The
floor areas of the District’s basins are delineated as follows:
•

Total area of recharge basins/cells: 923 acres

•

Total area of regulation basins/cells: 196 acres

•

Total area of all basins/cells: 1,119 acres

It should be noted that the acreages determined in this manner are still approximate but
are believed to be accurate within a few percent. The total area of all recharge and
regulation cells has been estimated by TID to be between 1,300 and 1,400 acres, although
this larger total area is likely due to using the areas of the parcels in which the basins
were constructed and not the basin footprint. The acreages listed above are more
conservative and are used for the following recharge capacity analysis.
To estimate the recharge capacity of the District’s basins, the following approach was
used; the representative infiltration rates used in this approach for each basin/cell are
given in Table 3:
•

For the recharge basins/cells at which operational infiltration testing was
conducted, the representative infiltration rate was multiplied by the floor area for
each basin/cell to compute the daily infiltration capacity (volume) in AF.

•

For the two recharge basins/cells in which exploration trenching was conducted
but not infiltration testing (Basin No. 6 South Cell and Basin No. 8), the
infiltration rate assigned to each of these basins was the rate measured for a
basin/cell that has similar lithologic conditions in the near-surface zone.
Inspection of the graphic logs for the basins/cells in which trenching was
conducted (Figures 8 through 14) indicates that the near-surface zone at the
Basin No. 3 South Cell generally has similar lithologic conditions (overall)
as encountered in both the Basin No. 6 South Cell and Basin No. 8.
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The representative infiltration rate for the Basin No. 3 South Cell was determined
to be 0.45 ft/day (for a head of only 1 to 2 feet; Table 3); therefore this same rate
was assigned to both the Basin No. 6 South Cell and Basin No. 8. This
infiltration rate was multiplied by the floor area for the two basins/cells to
compute the daily infiltration capacity (volume) in AF.
•

For all remaining recharge basins/cells in the District, the sustainable infiltration
capacity was assumed to be equal to the average of all the “Representative
Overall Infiltration Rates” for the seven basins/cells tested, which is 0.46 ft/day.
This infiltration rate is nearly the same as the rate of 0.5 ft/day assumed by
HydroMetrics WRI (2015) for their water balance analysis for the District.
The infiltration rate of 0.46 ft/day was multiplied by the floor area for all the
relevant basins/cells to compute the daily infiltration capacity (volume) in AF.

•

The 11 regulation cells within the District are assumed to have a very small
sustainable infiltration capacity due to long-term deposition of fines from the
surface water deliveries, which first pass through the regulation cells before
entering the associated recharge cells. The regulation cells are generally not
rehabilitated by removal of surface fines (scraping) or surface scarification
(disking or plowing) to restore the achievable infiltration capacity. The
infiltration rate for all the regulation cells was assumed by HydroMetrics WRI
to be 0.25 ft/day, and this value was adopted for the present study. However, it
is important to note that this value is subjective and is not based on measurements
of infiltration rate in any regulation cell. In any event, the infiltration rate of
0.25 ft/day was multiplied by the floor area for all the regulation cells to compute
the daily infiltration capacity (volume) in acre-feet.

An example calculation of estimated recharge capacity for the Creamline Basin Southeast
Cell is provided below, assuming a 90 day period of surface water delivery to the cell:
•

basin/cell area = approximately 27.6 acres

•

representative/sustainable infiltration rate = 0.5 ft/day

•

daily recharge volume = 13.8 AF

•

recharge volume for a 90-day water delivery period = 1,240 AF

This same calculation was conducted for all of the District’s recharge and regulation
basins based on the measured and assumed values for representative infiltration capacity
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(described above). Results of the calculations are given in Table 3, which include
estimated recharge volumes for several water delivery periods (90, 120, and 180 days),
similar to the approach used and presented in Table 8 of HydroMetrics WRI’s 2015
report.
The total existing recharge capacity of the District’s recharge and regulation basins is
calculated to be 467 acre-feet per day (AF/day), which corresponds to recharge volumes
of approximately:
•

42,000 AF for 90 days of continuous surface water delivery

•

56,000 AF for 120 days of continuous surface water delivery

•

84,000 AF for 180 days of continuous surface water delivery

5.1.2 Existing Recharge Capacity of TID’s Water Distribution System
The second primary source of recharge capacity within the District is the extensive
system of water delivery canals to the recharge basins and associated irrigation ditches
that deliver water to the farms. Compared to large basins, infiltration rates in the thin and
lengthy canals/ditches are augmented by the subsurface lateral flow of infiltrating water,
which can increase the infiltration capacity substantially relative to the infiltration area
within the canal/ditch. In addition, because the canals/ditches spread the infiltration out
over long distances (the infiltration area is much less confined than for large basins), the
occurrence of an impeding layer several feet below the canal/ditch would have little
effect on the infiltration capacity compared to large basins. For basins, lateral flow
around the boundaries only adds a small additional capacity relative to the large basin
size, and a subsurface impeding layer may ultimately be controlling/limiting the capacity.
Relevant information provided by the District regarding the District’s canals and ditches
and overall water distribution system, together with estimated recharge rates/volumes, is
summarized as follows:
•

The total length of the surface water conveyance/distribution system is more than
300 miles, consisting of both the large capacity canals that deliver water to the
recharge and regulation cells (for further distribution to all parts of the District)
and the smaller capacity ditches that deliver water to the farms.
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•

All the large capacity canals and smaller capacity ditches are “earthen” (unlined
with concrete or other “impervious” coating) and therefore have substantial
infiltration “losses,” which translates to recharge capacity.

•

The canals and ditches are maintained annually, including weed control and regrading of the banks, with sediment removal/excavation as warranted. Due to the
high volume and sediment load of the surface water deliveries this past year, the
ditches and canals are currently being re-graded and sediment removed. These
activities may be chiefly for the purpose of maintaining the flow capacity of the
canals and ditches, but they also likely maintain higher infiltration rates, which
increases the recharge capacity.

•

Based on the District’s analysis of their surface water distribution “losses” (canals
and irrigation ditches) for the period 1981 to 2012, the average annual loss (i.e.
recharge volume) was approximately 40,000 AF.

•

In past years, when there was limited surface water for recharge, the District
typically distributed water to the recharge basin system during January and
February and would only utilize canals that delivered water to the basins (did not
use irrigation ditches). The estimated flows during this 2-month period were
estimated to be approximately 250 to 300 cubic feet per second (cfs), which
corresponds to recharge volumes of approximately 30,000 to 36,000 AF (includes
both the basins and canals). Based on the recharge analysis described in
Section 5.1.1, the estimated recharge volume of the District’s recharge and
regulation basins (combined) would be approximately 28,000 AF for 60 days of
continuous surface water delivery. Based on these separate sources of recharge
estimates, the recharge capacity of (only) the primary canals that deliver water to
the recharge basins would be on the order of 2,000 to 8,000 AF for a 2-month
period. However, this estimate is believed to be substantially lower than actually
occurred because the District did/does not likely use all the recharge basins during
the typical 2-month recharge period (the estimate of 28,000 AF for a 2-month
period for the entire recharge system is likely too high).

•

The District’s Main Intake Canal extends from outside the north District boundary
into the District; this canal is earthen, but the banks are armored with riprap. Water loss through this canal has been estimated at approximately
15,000 AF/yr. This large loss translates to recharge immediately “upstream” from
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the District but has not been included in the District’s estimates of recharge
capacity for its water distribution system.
•

2017 RECHARGE DISTRIBUTION: The long duration of excess surface
water deliveries in 2017 due to flood release conditions prompted the District to
implement an aggressive approach for maximizing recharge and receiving/storing
as much water as possible. This approach also provided the opportunity to
evaluate flow capacity and recharge capacity of the entire water distribution
system (this period was from January through July, at which time irrigation
demand took most of the water deliveries, although pre-irrigation demand started
in March or April). This aggressive approach and resulting estimates of canal
capacities and “losses” (recharge) versus recharge volumes in the basins are
summarized as follows:
Overall Recharge Utilization
o All recharge and regulation basins were used.
o Most of the canals and irrigation ditches were filled with water.
o The District’s summary of the 2017 flood release water use indicates that
flows for the recharge system were 320 cfs and that losses (flows) in the
canals and ditches beyond the recharge system were 100 cfs.
o The District incentivized water rates to promote earlier and higher preirrigation, resulting in recharge of an additional 135 cfs in January and
February, equal to a total applied volume of approximately 16,070 AF (but
this is considered to be consumptively used by crops and is not included as
a component of the District’s recharge capacity).
o 600 acres of farm land were flooded for recharge purposes, and accessible
borrow pits at six farms were filled with water; the pits ranged from
approximately 0.5 to 2 acres in size; water deliveries for the on-farm
recharge and “special projects” was approximately 25 cfs for 2 months
and 20 cfs for 6 months, respectively, resulting in a total recharge volume
of approximately 10,120 AF.
o Use of all these means of recharge allowed the District to recharge
approximately 465 cfs during January and February with flows of 420 cfs
or more dedicated to recharge through July.
o Assuming that flows of 420 cfs in the recharge system and irrigation
ditches (combined) continued through July, the total volume recharged
in the District in 2017 was approximately 185,000 AF (includes on-farm
and borrow pit recharge of approximately 10,000 AF).
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Recharge System
o Assuming that inflows to the recharge system (includes recharge and
regulation basins and recharge system canals) of 320 cfs continued for
7 months, the resulting total recharge volume in the recharge system is
calculated to be approximately 133,000 AF. For comparison,
HydroMetrics WRI (2015) estimated that the average annual recharge
volume in the District’s recharge system from 1999 through 2012 was
approximately 56,300 AF.
o Based on the infiltration capacities measured for selected recharge basins
and assumed for other recharge and regulation basins, and on the resulting
overall estimate of existing recharge capacity of 467 AF/day
(Section 5.1.1; Table 3), the estimated recharge volume for all the
District’s recharge and regulation basins (combined) for the 7-month
period from January through July is calculated to be approximately
98,000 AF (does not include the canals in the recharge system).
Canals and Ditches
o As indicated previously, flows (losses) in the canals and ditches beyond
the recharge system were indicated to be 100 cfs; assuming this flow rate
continued for 7 months (both prior to irrigation and as part of full-scale
irrigation), the resulting total “loss” (i.e., recharge volume) is calculated to
be approximately 41,700 AF.
o The estimated recharge volume for only the recharge system canals within
the recharge system is calculated to be 35,000 AF for the 7-month period
(133,000 – 98,000 AF). The total estimated recharge volume for all the
canals and irrigation ditches in the District is then calculated to be
76,700 AF for the 7-month period (41,700 + 35,000 AF).
o The analysis above indicates that the recharge system (basins and canals)
accounted for 72% of the total recharged volume, and the recharge and
regulation basins (excluding recharge system canals) accounted for 53%
of the total recharged volume. In addition, all the canals and ditches
(combined) accounted for 41% of the total recharged volume, of which
22% is from the irrigation ditches and 19% is from the recharge system
canals.
The key findings from all the information described above regarding intake flows and
estimated recharge capacity of the District’s water distribution system are related to better
quantifying the sources of recharge capacity and identifying the opportunities for
maximizing recharge capacity when excess surface water is available. The recharge
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capacity within the District was essentially maximized in 2017 and indicated that the
recharge system (recharge and regulation cells and associated canals) can sustain
approximately 320 cfs, and that the irrigation canals and ditches add another 100 cfs of
recharge capacity. Use of on-farm flooding added another 25 cfs for 2 months and
borrow pit recharge added another 20 cfs for 6 months. Therefore, the maximum
recharge capacity is on the order of 465 cfs (disregarding pre-irrigation flows), although
it may be feasible to increase on-farm recharge in the future. It is important to note that
the intake capacity from the Main Intake Canal is approximately 900 cfs, which can be
augmented through other canals if needed to increase the intake capacity to
approximately 1,200 cfs. This total intake capacity is nearly sufficient to fill all available
basins, canals, and irrigation ditches within the District and still meet irrigation demand.
Perhaps the most relevant aspect of this analysis is that the irrigation ditch losses of
100 cfs represent a source of recharge capacity that has typically not been used by the
District prior to the start of irrigation, but is available if and when needed during periods
when there is excess surface water, such as this past year. If the irrigation ditches are
filled with water for recharge purposes during the typical 2-month period preceding preirrigation, flows of 100 cfs would result in recharge of an additional 11,900 AF.

5.2 Basin Deepening
As described previously, the primary focus of the hydrogeologic investigations conducted
for this recharge feasibility study was to evaluate the existing recharge capacity of TID’s
basins and to assess the opportunities and feasibility of enhancing recharge capacity,
chiefly through basin modifications by basin deepening. The underlying premise is that
if removal of near-surface low-permeability sediments from selected basins would expose
favorable infiltration media to sufficient depths, basin deepening could be the most costeffective means for enhancing recharge capacity and for maintaining the increased
infiltration rates relative to other methods (addressed in Section 5.3).
Evaluation of the lithologic and stratigraphic characterization of the upper part of the
vadose zone from the exploration trenching and drilling programs (Section 4.1),
combined with results of the operational infiltration testing (Section 4.2), provides a basis
for selecting existing basins/cells that would be amenable to deepening as a means of
improving the infiltration capacity and for determining the associated excavation depths.
This determination assumes that removal of as much as 5 feet of sediments from the
basin floor would be considered, although feasible excavation depths would ultimately be
constrained by cost considerations and availability of adequate spoil storage areas at or
near the basin locations. Opportunities for selling or otherwise removing the excavated
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material to potential takers may arise in the future, but the present analysis does not
account for these possibilities. If and when the District identifies such opportunities, the
cost-effectiveness of basin deepening might be improved such that larger depths of
excavation could be considered and/or additional (lower priority) basins could be
considered for deepening.
Based on the rationale described above and results of the lithologic and stratigraphic
characterization, Basin No. 6 North Cell and the Martin Basin would likely have
significantly improved infiltration capacity through basin deepening (or would be
candidates pending further investigation). Potential improvement of infiltration capacity
for the Creamline Basin Southeast Cell is less conclusive, but this cell is also considered
a candidate for basin deepening. For each of these identified basins/cells, the overall
lithologic and stratigraphic conditions are summarized below (taken from Section 4.1),
including the recommended depth of sediment removal for each basin/cell. This
assessment includes an estimate of the potential increase in infiltration capacity, which is
based entirely on inference to the subsurface lithologic conditions encountered at each
basin/cell and professional judgment (refer to descriptions of the five lithologicpermeability categories defined for the trench and boring graphic logs). It is important to
reiterate that the estimated increase in infiltration capacity is critical to the assessment
and cannot be accurately or reliably determined without infiltration testing in the nearsurface sediments following removal of the targeted depth of sediments. Therefore, this
analysis is necessarily approximate but is intended to provide a means for evaluating the
general feasibility and cost-effectiveness of basin deepening for the selected basins/cells.

5.2.1 Creamline Basin Southeast Cell
Fine-grained sediments of small estimated permeability (sandy silt and clayey silt) were
encountered in the upper 4 to 5 feet of most trenches excavated in this cell (Figure 9).
The consistent occurrence of fine-grained layers within this near-surface zone suggests
that these low-permeability sediments are likely continuous in this zone across most or all
of the cell and limit or control the achievable infiltration rates (approximately 0.5 ft/day
as described in Section 4.2.1). The fine-grained near-surface zone is underlain by a
heterogeneous sequence of medium to coarse-grained sediments with moderate to high
estimated permeability to depths of 10 feet or more. Therefore, removal of the upper
5 feet of sediments from the basin floor would be expected to increase infiltration
capacity significantly.
Sediment intervals encountered in the three borings indicated substantial heterogeneity,
both vertically and aerially. Large intervals of medium to coarse-grained sediments
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occur in the subsurface at borings CL-B2 and CL-B3, which would be favorable for
downward movement of water, but substantial intervals of fine-grained sediments were
encountered in boring CL-B1, including a shallow interval at a depth of 12.5 feet
(Figure 9). The thick fine-grained interval encountered in boring CL-B2 at a depth of
23 feet may be continuous with fine-grained intervals encountered at depths of 29 and
32 feet in borings CL-B3 and CL-B1, respectively, which suggests that a lowpermeability layer may occur under much or most of the cell in this depth range. This
layer would be expected to cause perched water mounding during recharge operations
and could potentially limit infiltration rates to levels similar to existing rates. Therefore,
the benefit of deepening the Creamline Basin Southeast Cell is not clear, and additional
exploration borings would be required to better evaluate the thickness and continuity of
the subsurface fine-grained layers.
Despite the uncertain limitation to sustainable infiltration rates represented by the
subsurface fine-grained layers, the following analysis demonstrates the potential
improvement of infiltration capacity based on removing the upper 5 feet of generally
fine-grained sediments across the basin.
•
•
•
•

basin area = approximately 27.6 acres
existing representative infiltration rate = 0.5 ft/day
sustainable infiltration rate is estimated to increase to approximately
1.0 ft/day
additional recharge volume = 1,240 AF for a 90-day period of surface water
delivery

5.2.2 Basin No. 6 North Cell
Infiltration capacity at Basin No. 6 North Cell is expected to improve substantially by
basin deepening, and likely more than the other basins/cells investigated. Sediments
encountered below depths of generally 3 to 5 feet are predominantly coarse-grained to
depths of 15 to 20 feet and are underlain by a heterogeneous sequence of fine, medium,
and coarse-grained layers to total drilled depths of 41 to 52 feet (Figure 12). Although
substantial fine-grained intervals were encountered in the borings, they do not appear to
be continuous over large areas. The fine-grained layers would likely result in perched
water mounding that is locally significant, but there are sufficient thicknesses of medium
to coarse-grained sediments below the near-surface zone across the cell that would be
expected to provide a higher infiltration capacity than is currently being achieved
(approximately 0.25 ft/day based on only two falling-head cycles, as described in
Section 4.2.6). Therefore, removal of the generally fine-grained sediments in the upper
3 to 5 feet below the basin floor would alleviate the existing primary limitation to
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infiltration rates and would increase overall infiltration capacity to the extent dictated by
the underlying heterogeneous sediments and localized fine-grained layers.
The following analysis demonstrates the potential improvement of infiltration capacity
based on removing the upper 5 feet of generally fine-grained sediments across the basin.
It is important to note that removal of only 3 feet of sediments would also improve
infiltration capacity across much of the basin, but likely to a smaller extent than removal
of 5 feet of sediments because there would be more areas where fine-grained sediments
occur in the upper 2 feet of the deepened basin (Figure 11). The smaller cost of
removing 3 feet of sediments versus 5 feet, while still realizing a significant improvement
in infiltration capacity, might be an important factor.
•
•
•
•

basin area = approximately 47.4 acres
existing representative infiltration rate = 0.25 ft/day
sustainable infiltration rate is estimated to increase to approximately
1.5 ft/day
additional recharge volume = 5,330 AF during a 90-day period of surface
water delivery

The existing representative infiltration rate of 0.25 ft/day used for this analysis appears
unusually low and is based on only two falling-head cycles conducted at Basin No. 6
North Cell. Therefore, the actual existing infiltration rate may be slightly higher than
0.25 ft/day with a corresponding smaller estimated increase in recharge volume for the
deepened basin. If only 3 feet of sediments would be removed from the basin, the
increase in infiltration capacity, and therefore recharge volume, may be on the order of
50% to 75% of the values indicated above (i.e., additional recharge volume would be
2,667 to 4,000 AF).

5.2.3 Martin Basin
Sediments underlying the basin floor in the Martin Basin to a depth of approximately 3 to
4 feet appear to comprise fine-grained sandy silt with small estimated permeability,
which were underlain by an approximately 6-foot thick interval of medium and coarsegrained sediments of moderate to large estimated permeability, and possibly another finegrained interval of unknown thickness (at bottom depths of the borings). The finegrained near-surface sediments in the basin would likely be the most limiting or
controlling factor for sustainable infiltration rates (approximately 0.6 ft/day based on the
operational infiltration tests, as described in Section 4.2.7, although rates higher than
1 ft/day were achieved with heads of 7 to 8 feet).
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Due to the shallow depths of the borings and the large depth of the Martin Basin, this
drilling program only characterized subsurface conditions to depths of 11 to 16 feet
below the existing basin floor, and it is possible that additional impeding layers occur
below this depth interval (as suggested by the sandy silt encountered in the bottom of
several borings) that might also limit infiltration capacity. If a relatively thick and
continuous interval of fine-grained low-permeability sediments occurs at these relatively
shallow depths, it would be expected to cause perched water mounding during recharge
operations and could potentially limit infiltration rates to levels similar to existing rates.
Therefore, the benefit of deepening the Martin Basin is not clear, and additional deeper
exploration borings would be required to better evaluate the thickness and continuity of
the subsurface fine-grained layers. The Martin Basin Demonstration Project (Parjana
EGRP study) would have included installation of piezometers and provided valuable
information for deeper lithologic characterization and for evaluating the extent of
possible perched water mounding.
Because the currently characterized lithologic conditions at the Martin Basin suggest that
removal of 3 to 4 feet of fine-grained sediments would reach medium to coarse-grained
sediments of moderate to high estimated permeability across the basin, the following
analysis was conducted to demonstrate the potential improvement of infiltration capacity
based on removing the upper 4 feet. The estimated resulting infiltration rate is based on
the assumption that a fine-grained interval of small thickness and (and relatively
discontinuous) would occur at a depth of approximately 6 feet below the deepened basin
floor.
•
•
•
•

basin area = approximately 14.3 acres
existing representative infiltration rate = 0.6 ft/day
sustainable infiltration rate is estimated to increase to approximately
1.5 ft/day
additional recharge volume = 1,160 AF for a 90-day period of surface water
delivery

Overall, deepening of Basin No. 6 North Cell by 5 feet is estimated to improve
infiltration capacity significantly (as much as 5,330 AF during a 90-day period of surface
water delivery). The potential improvement of infiltration capacity for the Creamline
Basin Southeast Cell and Martin Basin is estimated to be much smaller (1,240 and
1,160 AF, respectively). However, additional lithologic characterization (exploration
borings) might indicate that potential impeding layers in the subsurface would not be as
limiting to achievable infiltration rates as suggested by the currently available lithologic
data, which would result in higher estimated values of increased recharge volumes for
these two basins/cells.
PAGE 53

Groundwater Recharge Capacity Evaluation
Phase III: Hydrogeologic Investigations to
Maximize Recharge Capacity

5.2.4 Cost Analysis for Deepening Selected Basins
Results of the analyses above for potential recharge capacity improvements from
deepening the three basins are summarized in Table 4 for several periods of surface
water deliveries (90, 120, and 180 days). In addition, estimated excavation costs for
deepening the basins, together with three measures/parameters for comparing the relative
benefit and cost effectiveness, are given in Table 4. The excavation cost estimates are
based on a unit cost of $2.5 per cubic foot of excavated material based on input from the
District and the assumption that excavated material could be stockpiled at the basin sites
(no off-site haulage). For this analysis, it is assumed that deepening the basins would not
require any modifications to the water intake structures or other infrastructure. However,
modifications will need to be taken into consideration during future design and
construction activities associated with deepening operations. Because the three basins
differ in size, existing infiltration capacity, and estimated increase in infiltration capacity
from basin deepening, the three measures/parameters were calculated to allow a more
useful comparison of the relative effectiveness of deepening the three basins. It should
be noted that the “existing” infiltration rate used for each basin in this analysis is equal to
the overall representative rates determined from the operational infiltration rates,
described in Section 4.2 and given in Table 2).
The first two measures used in this analysis address cost-effectiveness of deepening the
basins. The first measure is the “normalized” cost for a unit increase in infiltration
capacity, where the “unit” is 0.5 ft/day. This measure is heavily based on the basin size
(lower excavation costs for smaller basins) and is intended only to frame the excavation
costs in relation to the infiltration rate improvements. The second measure of costeffectiveness is the normalized cost for a unit increase in recharge volume based on a
90-day surface water delivery period, where the unit is 1,000 AF. This measure provides
the best means for comparing the cost-effectiveness of deepening the basins. The third
measure is the number of days required to recharge an additional 1,000 AF of water
based on the estimated increase in infiltration capacity and the basin area. This measure
is not cost related, but rather addresses the impact of limited delivery periods and
associated differences in the additional volumes of water that could be recharged.
The analysis indicates that deepening Basin No. 6 North Cell by 5 feet to achieve an
estimated infiltration capacity of 1.5 ft/day is very costly ($1,225,000) due to the large
cell size and associated excavation volume, which would include removal of the existing
4-foot high “bench” within the cell. Deepening this cell only 3 feet to achieve an
estimated infiltration capacity closer to 1 ft/day would reduce excavation costs to
$843,000. Estimated costs for deepening the Creamline Basin Southeast Cell by 5 feet
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and the Martin Basin by 4 feet are $557,000 and $231,000, respectively. However,
deepening the Basin No. 6 North Cell by 5 feet is much more cost effective ($230,000 per
1,000 AF recharge increase) than deepening the Creamline Basin Southeast Cell by 5 feet
($448,000 per 1,000 AF recharge increase) due to the much larger increase in recharge
volume for the Basin No. 6 North Cell (5,330 AF versus 1,240 AF for a 90-day delivery
period). Deepening the Martin Basin by 4 feet is the most cost-effective option
($199,000 per 1,000 AF recharge increase). As described above, a critical aspect of this
analysis is that the Basin No. 6 North Cell, if deepened to 5 feet, is estimated to recharge
an additional 1,000 AF every 17 days (and every 28 days if deepened to 3 feet), whereas
the Creamline Basin Southeast Cell and Martin Basin are estimated to require 72 and
78 days, respectively.

5.2.5 Other Basins/Cells Investigated
The other basins/cells investigated for the present study are evaluated to not benefit from
basin deepening to feasible depths, or in some cases, lithologic data are not available
(exploration trenching and/or drilling has not been conducted). These basins/cells
include:
•

Creamline Basin Southwest Cell: lithologic data not available

•

Swall Basin East, Northwest, and Southwest Cells: available lithologic data from
BSK drilling program indicates that a relatively thick and likely continuous finegrained interval occurs at a depth of approximately 10 feet below the basin floors,
which is too deep to feasibly remove.

•

Basin No. 3 North Cell: lithologic data not available

•

Basin No. 3 South Cell: trenching investigations indicate that fine-grained
sediments of small to very small estimated permeability (sandy silt and clayey
silt) are prevalent across most of the cell, generally extending to depths of 6 to
11 feet, which is too deep to feasibly remove.

•

Basin No. 6 South Cell: trenching investigations indicate that fine-grained layers
of small to very small estimated permeability occur at variable depths in the nearsurface zone across the cell, extending to depths ranging from 4.3 feet to 11 feet
below the basin floor. Although localized areas within this cell have more
favorable lithologic conditions, the large excavation depths generally required to
remove the fine-grained layers across most of the cell are not feasible.
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•

Basin No. 8: trenching investigations indicate that substantial intervals of finegrained sediments of small to very small estimated permeability (sandy silt and
clayey silt) were encountered at variable depths and thicknesses and extended to
depths ranging from 5.5 to 11 feet below the basin floor. Similar to Basin No. 6
South Cell, portions of Basin No. 8 have more favorable lithologic conditions, but
the large excavation depths generally required to remove the fine-grained layers
across most of the basin are not feasible.

5.3 Alternative Methods for Increasing Recharge Capacity
Although the primary focus of the hydrogeologic investigations conducted for this study
was to evaluate the feasibility of enhancing recharge capacity of the District’s existing
recharge basins, other methods for increasing recharge capacity are potentially available
and are addressed below for completeness. Alternative methods include vadose zone and
deep (direct) injection wells, and infiltration trenches or boreholes constructed inside the
existing recharge basins. Use of settling basins for specific applications is also evaluated
as a means for minimizing the amount of suspended sediments in water delivered to
recharge basins and/or wells. These methods are not believed to be cost-effective and/or
generally feasible relative to basin modifications. However, a final alternative recharge
method, on-farm recharge, has a large potential for increasing recharge capacity during
periods when farm fields are idle before the growing season.

5.3.1 Injection Wells
A primary advantage of injection wells is that they have a small footprint and therefore
can be installed along easements or other available small parcels to avoid the expense of
purchasing or leasing large tracts of land. In addition, if the upper part of the vadose
zone contains substantial fine-grained low-permeability layers, injection wells might
provide higher recharge rates than possible through surface basins. For some localities,
injection wells might provide the only feasible means of recharge. However, there are
critical potential disadvantages with injection wells, especially where large injection rates
are needed, as described below.
DIRECT INJECTION
Conceptually, a significant advantage of direct injection is that it would provide a means
to recharge the deeper part of the aquifer, beneath the Corcoran Clay, where piezometric
levels and pore pressures may have declined across the District due to extensive pumping
for irrigation during the years when surface water was not available or was limited. It is
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not known if surface recharge is resulting in replenishment of chiefly the “perched
aquifer” above the Corcoran Clay or if sufficient amounts of water are moving through
this aquitard to the deeper aquifer. Despite this potentially favorable application of direct
injection wells, the California Regional Water Quality Control Board and/or California
Department of Water Resources would require that injected water essentially meets
potable water quality standards, which likely is a fatal flaw for injecting untreated surface
water. In addition, there are significant technical and economic drawbacks:
•

Lithologic and hydraulic data are sparse for the regional aquifer across the
District. A summary of drillers’ logs and geophysical logs for four monitor wells
drilled to a depth of 670 feet in the northcentral part of the District (BSK, 2016)
are summarized in Section 4.1.8. Data for lithologic conditions and hydraulic
conductivity of the aquifer are critical for evaluating potential injection rates and,
therefore, the number of wells and cost-effectiveness of this recharge method

•

Deep injection wells and associated pipelines and infrastructure are costly.
Although costs could vary substantially based on well diameter and depth, it is
reasonable to assume that the cost per well and associated infrastructure could be
$500,000 or more.

•

Because the surface water to be injected contains suspended sediments, which
could plug the borehole walls and/or gravel pack relatively quickly, the water
would likely have to be filtered or carefully managed in settling basins, which
adds another significant cost component. Microbiological growth can also cause
significant clogging. An advantage of direct injection wells over vadose zone
injection wells is that they can be rehabilitated to a large degree through periodic
pumping to remove the clogging material.

•

A simple analysis demonstrates the cost-effectiveness of direct injection within
the District based on limited knowledge of deeper hydrogeologic conditions.
Assuming a well depth on the order of 800 feet or more and a relatively
heterogeneous sequence of sediments (moderately permeable aquifer), sustainable
injection rates of 500 to 1,000 gallons per minute (gpm) might be achieved. For a
90-day period of injection, these injection rates would result in recharge of
approximately 200 to 400 AF. Three to six wells (estimated cost of $1.5 million
to $3 million) would be required to achieve the same estimated increase in
recharge capacity as deepening the Martin Basin by 4 feet (at an estimated cost of
$231,000, Table 4). In addition, the cost for sediment removal and treatment of
water to a potable standard would need to be considered. The values and
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assumptions used in this analysis are very approximate, but clearly demonstrate
the high relative cost of direct injection wells for the District’s situation (i.e., large
recharge basins already exist).
VADOSE ZONE INJECTION WELLS
The success of vadose zone injection wells depends on lithologic conditions (and
associated permeability) in the vadose zone. Lithologic data obtained from the
exploration drilling program for this study, together with results of previous drilling
investigations at selected basins, provide characterization of hydrogeologic conditions in
the upper 25 to 50 feet of the vadose zone. Borings at the Creamline Basin Southeast
Cell and Basin No. 6 North Cell were drilled to depths as large as 51 feet and provide
some basis for evaluating the feasibility of vadose zone injection. Borings at the Swall
Basin (all three cells) and the Martin Basin were drilled to depths of only 20 to 25 feet
and do not allow evaluation of recharge feasibility for vadose zone injection wells.
Vadose zone injection wells share the same advantages as direct injections wells in
regard to small land requirement and flexibility for installation in small available areas.
They are most considered for localities where land availability is limited and for vadose
zone conditions where a near-surface layer of fine-grained low-permeability sediments is
too deep to feasibly excavate but is underlain by predominantly high-permeability
sediments. The well depth would be determined by the depth to groundwater level and
the lithologic conditions of the vadose zone. Based on a generic depth to water of
180 feet within the District, vadose zone injection wells would likely be targeted for
depths no greater than 100 to 120 feet if lithologic conditions are favorable to those
depths, but could also be substantially shallower. Vadose zone conditions at the two
recharge basins where the exploration borings were drilled to 51 feet (Creamline Basin
Southeast Cell and Basin No. 6 North Cell) indicated generally heterogeneous conditions,
both vertically and spatially, including areas of relatively thick coarse-grained sediments
(Section 4.1). If deeper conditions are similar to the upper 51 feet, significant intervals
of moderately to highly permeable sediments would be expected to occur adjacent to the
perforated interval of wells installed to depths of approximately 100 feet.
Vadose zone injection wells also share the same disadvantages as direct injection wells.
In particular, clogging of the borehole walls could occur relatively rapidly due to
suspended sediments in the water and would require filtering of the water before injection
or use of settling basins. Microbiological growth can also cause significant clogging.
Contrary to direct injection wells, vadose wells cannot be rehabilitated very effectively in
most cases, chiefly due to lack of a sufficient saturated interval surrounding the well to
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allow pumping. Therefore, these wells typically have a limited effective life span and
would need to be periodically replaced; a replacement schedule of 5 to 10 years is often
assumed.
Costs for vadose zone injection wells vary substantially based on the depth and diameter
of the well and other design/equipping considerations. The simplest wells consist of a
gravel-filled borehole (3 to 4-foot diameter) with injection (educter) casing installed
down the center with separate perforated piping to allow entrapped air to escape. For a
typical vadose zone injection well installed to depths of 80 to 100 feet, a reasonable
estimated total cost would be on the order of $100,000.
A simple analysis demonstrates the cost-effectiveness of vadose zone injection within the
District based on a very limited lithologic characterization of the vadose zone. Assuming
a well depth of 100 feet and moderately permeable sediments (on average), sustainable
injection rates of 200 to 400 gpm might be achieved. For a 90-day period of injection,
these injection rates would result in recharge of approximately 80 to 160 AF. Seven to
14 wells (estimated cost of $700,000 to $1.4 million) would be required to achieve the
same estimated increase in recharge capacity as deepening the Martin Basin by 4 feet
(at an estimated cost of $231,000). In addition, costs for removal of suspended sediments
in the injected water and periodic replacement of the wells would need to be
incorporated, which further reduces the low cost-effectiveness of vadose zone injection
wells.
It is recognized that a drilling contractor proposed an installation cost for vadose zone
injection wells to the District that is lower than the estimate of $100,000 used in the cost
analysis above. However, even if the actual cost would be would be substantially less
than $100,000, vadose zone wells would still not be cost effective if factoring in clogging
and well replacement costs.

5.3.2 Injection Trenches and Boreholes
Infiltration trenches and shallow large-diameter boreholes, backfilled with sand or gravel,
are occasionally installed within existing recharge basins in an attempt to enhance
recharge rates. These low-cost structures would be considered for situations where a
near-surface impeding layer is sufficiently shallow to penetrate with a backhoe/trackhoe
but too deep to feasibly deepen the entire basin. For these trenches and boreholes to be
effective, the underlying sediments would need to be of high permeability.
These structures can lose their effectiveness quickly due to clogging with fine-grained
sediments washed into the trench or borehole from the basin surface and/or from the finePAGE 59
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grained layer penetrated by the unlined trench or borehole walls. Whereas there are ways
to construct these structures that would prolong their effectiveness, this would increase
the cost. Although an analysis of cost-effectiveness is not included in this evaluation,
these structures are most applicable or potentially feasible for small basins or small
recharge volumes. A very large trench or borehole “gallery” would be needed to
significantly improve the infiltration capacity for large basins, such as the District’s
existing recharge basins. Based on these factors, infiltration trenches and boreholes are
not considered feasible options for improving infiltration capacity of the District’s
recharge basins and are not recommended.

5.3.3 Settling Basins
Surface water delivered to the District contains suspended sediments (silt, clay, and fine
sand) that settle out in the basins and canals/ditches and can form a low-permeability skin
(clogging layer) that further impedes infiltration rates. At times the surface water inflows
are notably laden with fines, especially during the flood release conditions that occurred
in 2017. The water delivered to the recharge system flows within the large-capacity
canals to the recharge basin sites, where it is first discharged into the regulation cells and
then spills over into the recharge cells. Whereas much of the suspended sediments settles
out in the canals and regulation cells, there is still a suspended sediment load in the water
spilled into the recharge basins, which could become significant in years where there is a
long duration of surface water delivery and/or high flow rate. Additional residence time
in the regulation basins, and/or use of additional basins for settling, would provide water
to the recharge basins that is relatively devoid of suspended sediments. This would be
expected to minimize basin floor clogging and result in higher sustainable infiltration
rates for a longer period of time and/or reduce the frequency of basin floor rehabilitation.
It is important to note that the benefit of additional settling may not be substantial at most
of the District’s existing recharge basins in their current form due to the prevalence of
fine-grained low-permeability sediments in the near-surface zone underlying the basin
floors (as addressed in Sections 4.0 and 5.0). The permeability of the surface
skin/clogging layer may not be any lower than the permeability of the existing nearsurface sediments, although the surface skin would likely be continuous over the entire
basin floor. However, if selected basins would be deepened to reach higher-permeability
sediments (such as the Basin No. 6 North Cell) (Section 5.2), basin clogging would likely
be a significant factor and would need to be more carefully managed to maximize
achievable infiltration capacity.
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Due to the large expense of land and lack of available land within the District, it is
assumed that construction of additional basins for settling purposes is generally not
feasible; the limited benefit in most years of typical surface water delivery duration and
rates, and would not warrant the large expense. Despite this unfavorable evaluation,
opportunities could potentially arise in the future for constructing one or more settling
basins at strategic locations along the recharge system canals, which could be worthy of
consideration. In addition, as described in the previous section, use of injection wells
(especially vadose zone injection) to augment recharge capacity would require water that
has very low suspended sediment content, which could include the use of a settling basin.
Another means of providing additional settling capacity has been suggested by the
District for the specific situation posed by the Creamline and Swall Basins/Cells, located
in the northeast corner of the District (Figure 1), where most of the surface water enters
the District. The Northeast and Northwest Cells of the Creamline Basin are regulation
cells and allow settling of a substantial portion of the suspended sediments. Water from
these cells spills over into the Southeast and Southwest Cells (recharge cells), where the
remaining sediment load is ultimately deposited. The Swall Basin is located immediately
south of the Creamline Basin Southeast and Southwest Cells (separated by Avenue 256).
If a buried pipeline would be installed from each of the Southeast and Southwest Cells to
the Swall Basin East and Northwest cells, respectively, water of greater clarity could flow
(in a regulated manner) from the Creamline Basin cells to the Swall Basin cells, which
would minimize the suspended sediment content of water delivered to the Swall Basin
cells and thereby minimize the development of a clogging layer on these cells. Is this
manner, the Creamline Basin Southeast and Southwest Cells would provide a second
level of settling (no differently than currently occurs) and additional clarification of the
water recharged in the Swall Basin cells. Because the Creamline Basin Southeast and
Southwest Cells would have more water moved into and through them for this scenario,
a thicker clogging layer would be expected to form in these cells, but this may not
significantly affect the infiltration capacity due to the generally fine-grained sediments
that already occur in the near-surface zone underlying the basin floors.
There are two key considerations for implementing this plan. First, if the Creamline
Basin Southeast Cell would be targeted for deepening to reach higher-permeability
sediments (Section 5.2.1), it could be counterproductive to use it as a flow-through
settling basin due to the likely thicker clogging layer that would form, as described
above. Secondly, as described in Section 5.2.4, the current low infiltration capacity of
the Swall Basin cells may be limited or controlled by a relatively thick and likely
continuous fine-grained interval that occurs at a depth of approximately 10 feet below the
basin floors. If this is true, minimizing the clogging layer may not result in significant
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improvement of recharge rates. Both of these conditions/considerations would need to be
further evaluated through additional investigations at the Creamline and Swall Basins.

5.3.4 On-Farm Recharge
As described in Section 5.1.2, recharge volumes in 2017 were increased by more than
10,000 AF by flooding farm fields of willing farmers and by incentivizing additional
“pre-irrigation”. On-farm recharge represents a potentially large source of recharge
capacity prior to the planting season if more farmers can be encouraged to participate in
these activities. In addition, this means of recharge is a very low-cost option, depending
chiefly on the District’s cost incentives. This option also has the advantage of
distributing recharge over the entire District and would not be not be limited by
subsurface low-permeability layers due to the wide-spread application of water across the
farm fields. Finally, because fields have been irrigated for many years, the underlying
vadose zone sediments already have a relatively high water content; therefore, the applied
water would result in eventual recharge of the aquifer as opposed to being held in the
sediments.
It is understood that the District is actively pursuing this largely un-tapped opportunity,
which could greatly increase recharge volumes if many farmers participate, even though
limited to the time period preceding planting (with sufficient non-application time to
allow for surface soil drying).
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6

SUMMARY AND RECOMMENDATIONS
The primary goals of the present recharge feasibility study were to better characterize
recharge capacity of the District’s surface water distribution system and evaluate the
feasibility of increasing the capacity, chiefly through selected hydrogeologic
investigations at targeted recharge basins. This study provides a framework for
developing strategies and identifying opportunities for augmenting recharge capacity and
maximizing storage of surface water supplies when available. These strategies lead to
greater groundwater sustainability and may provide the basis for future grant
applications. This study was conducted as part of Phase III of the USBR conjunctive
exchange program grant and builds on HydroMetrics WRI’s 2015 study and report
regarding the overall conjunctive potential of the District.
It is important to note that the relatively limited funding for this study allowed selected
hydrogeologic investigations to be conducted at only nine cells (six basins) and required
prioritization of the basins to be investigated based on input from the District. In
addition, the most meaningful investigations were conducted at the selected basins to
provide as much useful information as possible for identifying opportunities and
strategies for increasing recharge capacity. Due to the limited number of basins/cells
investigated, potential future investigations at other recharge basins in the District are
also identified.

6.1 Summary of Recharge Feasibility Investigations
Hydrogeologic investigations conducted at the selected TID recharge basins included
lithologic characterization from trenching and drilling programs and operational
infiltration testing at selected basins. The investigations provide data for characterizing
the upper part of the vadose zone at the basins, which is the basis for evaluating current
recharge capacity and the feasibility of increasing basin recharge capacity, chiefly in
regard to deepening the basins. Investigations conducted at each of the selected basins
include:
•

Creamline Basin Southeast Cell: trenching, drilling, and infiltration testing

•

Creamline Basin Southwest Cell: only infiltration testing

•

Swall Basin East Cell: only infiltration testing for the present study, but BSK
conducted a drilling program in 2008 for lithologic characterization

PAGE 63

Groundwater Recharge Capacity Evaluation
Phase III: Hydrogeologic Investigations to
Maximize Recharge Capacity
•

Swall Basin Northwest Cell: only infiltration testing for the present study, but
BSK conducted a drilling program in 2008 for lithologic characterization

•

Swall Basin Southwest Cell: no investigations for the present study, but BSK
conducted a drilling program in 2008 for lithologic characterization

•

Basin No. 3 South Cell: trenching and infiltration testing

•

Basin No. 6 North Cell: trenching, drilling, and infiltration testing

•

Basin No. 6 South Cell: trenching and one drilled borehole

•

Basin No. 8: only trenching

•

Martin Basin: only infiltration testing for the present study, but BSK conducted a
drilling program in 2007 for lithologic characterization

•

Enterprise/Cordinez Basins: no investigations for the present study, but BSK
conducted a drilling program in 2013 for lithologic characterization

6.1.1 Lithologic Characterization
Results of the trenching and drilling investigations (including BSK’s drilling programs)
at the relevant basins/cells listed above indicate generally heterogeneous lithologic and
stratigraphic conditions underlying the basin floors to depths ranging from 20 to 51 feet.
Although a wide variety of conditions were encountered at the basins investigated
(Section 4.1), the most consistent and critical aspect was the occurrence of fine-grained
low-permeability sediment layers in the near-surface zone underlying the basin floors. In
most basins/cells investigated, these fine-grained intervals are relatively thick and appear
sufficiently continuous to limit or control the infiltration capacity.
For the basins/cells in which drilling was conducted (including BSK’s drilling programs),
the deeper lithologic conditions typically included significant intervals of all sediment
types (fine, medium, and coarse-grained sediments). However, the most critical aspect
was the general occurrence of fine-grained low-permeability sediment layers at relatively
shallow depths (generally within depths ranging from approximately 15 to 20 feet below
the basin floors, but as shallow as 10 to 12 feet for selected basins/cells). In most
basins/cells investigated, these fine-grained intervals are relatively thick and may be
sufficiently continuous to impede downward movement of water and cause perched water
mounding, which might be as limiting to the achievable infiltration rates as the nearsurface fine-grained sediments. The exception was Basin No. 6 North Cell, where
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substantial fine-grained intervals were also encountered in the borings, but do not appear
to be continuous over large areas. The fine-grained layers would likely result in perched
water mounding that is locally significant, but there are sufficient thicknesses of medium
to coarse-grained sediments below the near-surface zone across the cell that would be
expected to provide a higher infiltration capacity than is currently being achieved
(approximately 0.25 ft/day based on only two falling-head cycles, as described in
Section 4.2.6).

6.1.2 Infiltration Testing
Results of the operational infiltration testing indicate that existing infiltration rates are
low at the seven cells in which the testing was conducted, ranging from 0.25 ft/day for
the Basin No. 6 North Cell to 0.6 ft/day for the Martin Basin (Section 4.2). These low
infiltration rates are chiefly due to the occurrence of fine-grained low-permeability
sediment layers in the near-surface zone underlying the basin floors. In most basins/cells
investigated, these fine-grained intervals are relatively thick and appear sufficiently
continuous to limit or control the infiltration capacity. It is important to note that
deposition of fines suspended in the surface water deliveries could have caused some
reduction in the infiltration capacity determined through the operational testing, either
prior to the start of the test period or during the test period. In any event, the low
measured infiltration rates are generally consistent with the prevalent fine-grained
sediments in the near-surface zone.

6.1.3 Existing Recharge Capacity within the District
The two primary sources of recharge capacity within the District include: (1) constructed
recharge basins (and regulation basins, although not maintained to maximize recharge);
and (2) the extensive system of water delivery canals to the recharge basins and
associated irrigation ditches that deliver water to the farms. Additional sources of
recharge capacity, implemented for the first time this past year, include flooding of farm
fields if and when possible, and use of existing borrow pits.
Estimates of infiltration capacity for the District’s recharge basins were prepared based
on: (1) results of operational infiltration testing for the basins/cells investigated; (2)
assumed infiltration capacity for the remaining recharge basins and all the regulation cells
(based on previous estimates/assumptions by HydroMetrics WRI [2015] and comparison
of lithologic conditions at basins/cells not investigated to basins/cells that were
investigated); (3) basin/cell acreages determined through digital analysis by M&A and
HydroMetrics WRI; and (4) surface water delivery periods of 90, 120, and 180 days.
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Based on these measured and assumed parameters and the approximate basin/cell areas,
the recharge capacities were estimated.
The District has 17 recharge cells totaling 923 acres (includes the Basin No. 3 North Cell,
the infrequently used Liberty Basin, and the nearly completed Cordinez Basin) and
11 regulation basins totaling 196 acres (Table 3). The total area determined through
digital analysis for all recharge and regulation cells is 1,119 acres.
The total existing recharge capacity of the District’s recharge and regulation basins is
calculated to be 467 AF/day, which corresponds to recharge volumes of approximately:
•

42,000 AF for 90 days of continuous surface water delivery

•

56,000 AF for 120 days of continuous surface water delivery

•

84,000 AF for 180 days of continuous surface water delivery

Recharge capacity of the District’s extensive system of recharge system canals and
irrigation ditches (totaling more than 300 miles) was estimated chiefly based on the
measured inflows for the 2017 surface water delivery period. The District maximized use
of all canals and ditches (together with all basins) due to the flood release conditions,
which provided the opportunity to estimate the total recharge capacity of the water
distribution system. Based on information for inflow rates and durations provided by the
District, the following recharge capacities were estimated for the canals/ditches and for
the total water distribution and recharge system:
•

Flows (losses) in the canals and ditches beyond the recharge system were
indicated to be 100 cfs; assuming this flow rate continued for 7 months (both prior
to irrigation and as part of full-scale irrigation), the resulting total “loss” (i.e.
recharge volume) is calculated to be approximately 41,700 AF.

•

Inflows to the recharge system (includes recharge and regulation basins and
recharge system canals) were indicated to be 320 cfs; assuming this flow rate
continued for 7 months, the resulting total recharge volume is calculated to be
approximately 133,000 AF.

•

Assuming that flows of 420 cfs in the recharge system and irrigation ditches
(combined) continued through July, the total volume recharged in the District in
2017 was approximately 185,000 AF (includes on-farm and borrow pit recharge
of approximately 10,000 AF).

PAGE 66

Groundwater Recharge Capacity Evaluation
Phase III: Hydrogeologic Investigations to
Maximize Recharge Capacity
•

Based on the analysis presented in Section 5.1.1, the estimated total recharge
capacity for all the District’s recharge and regulation basins was estimated to be
467 AF/day, or 98,000 AF for a 7-month surface water delivery period.
Therefore, the estimated recharge volume for only the canals within the recharge
system is calculated to be 35,000 AF for the 7-month period (133,000 AF –
98,000 AF). The total estimated recharge volume for all the canals and irrigation
ditches in the District is then calculated to be 76,700 AF for the 7-month period
(41,700 AF + 35,000 AF).

•

The analysis above indicates that the recharge system (basins and canals)
accounted for 72% of the total recharged volume and the irrigation ditches
accounted for 23%; on-farm and borrow pit recharge account for the remaining
5%.

•

Based on the District’s analysis of their surface water distribution “losses”
(canals and irrigation ditches) for the period 1981 to 2012, the average annual loss
(i.e., recharge volume) was approximately 40,000 AF.

•

Based on the intake capacity of the Main Intake Canal (900 cfs), which can be
augmented through other canals if needed to increase the intake capacity to
1,200 cfs, there is nearly sufficient flow capacity to fill all available basins,
canals, and irrigation ditches within the District and still meet irrigation demand.

•

Perhaps the most relevant aspect of this analysis is that the irrigation ditch losses
of 100 cfs represent a potential source of recharge capacity that has typically not
been used by the District prior to the start of irrigation. If the ditches would be
filled with water for recharge purposes during the typical 2-month period
preceding pre-irrigation, flows of 100 cfs would result in recharge of an additional
11,900 AF, which substantially exceeds the estimated improvement in recharge
capacity/volume from deepening selected basins.

6.1.4 Basin Deepening
The goal of basin deepening is to remove the near-surface fine-grained sediments that
control or limit infiltration capacity to reach more favorable infiltration media (medium
to coarse-grained sediments). Based on the lithologic and stratigraphic characterization
of the upper part of the vadose zone from the exploration trenching and drilling programs
(Section 4.1), combined with results of the operational infiltration testing (Section 4.2),
only three of the recharge basins/cells investigated appear appropriate for deepening as a
means of improving the infiltration capacity. This assessment assumes that removal of
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no more than approximately 5 feet of sediments from the basin floor would be considered
feasible due to excavation costs and spoil storage requirements. However, the District
may determine that feasible excavation depths are smaller or larger than 5 feet, which
could affect the selection of basins/cells considered for deepening.
•

Basin No. 6 North Cell, if deepened by 5 feet, is estimated to have an increased
infiltration capacity up to approximately 1.5 ft/day (currently 0.25 ft/day based on
operational infiltration testing).

•

The Martin Basin may have significantly improved infiltration capacity by
removing the upper 4 feet of sediments depending on the lithologic conditions
deeper than approximately 10 to 15 feet below the basin floor (depth of BSK’s
borings). A small thickness of sandy silt was encountered at the bottom of several
borings; if this relatively shallow fine-grained layer is thick and extensive, it
could potentially limit infiltration capacity to a similar level as currently exists,
negating the benefit of basin deepening. Therefore, additional and deeper
exploration drilling would be needed to characterize these conditions before a
complete assessment of the potential infiltration rate improvement can be made.
If the sandy silt layer is thin and/or discontinuous, infiltration capacity of the
deepened basin is estimated to increase up to approximately 1.5 ft/day (currently
0.6 ft/day based on operational infiltration testing). It is important to note that
infiltration rates at the Martin Basin were greater than 1 ft/day when the basin
water levels (heads) were approximately 7 feet or higher; infiltration rates at this
basin were more responsive to the imposed heads than the other basins tested.

•

The Creamline Basin Southeast Cell is also a candidate for basin deepening (by
5 feet) based on the near-surface conditions. Infiltration capacity of this cell is
estimated to increase up to approximately 1.0 ft/day (currently 0.5 ft/day based on
operational infiltration testing). However, the occurrence of deeper fine-grained
low-permeability layers at variable depths across the cell (based on three borings)
indicates an uncertain continuity of the fine-grained layers (Figure 9). If
continuous, infiltration capacity would likely be controlled or limited by these
impeding layers, and the potential improvement of infiltration capacity from basin
deepening would likely be negated. As for the Martin Basin, additional
exploration drilling would be required to better characterize the depth, thickness,
and continuity of these subsurface layers.

The estimated increase in recharge volumes (for a 90-day delivery period) resulting from
deepening the Basin No. 6 North Cell, Martin Basin, and Creamline Basin Southeast Cell
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are 5,330 AF, 1,240 AF, and 1,160 AF, respectively (Table 4). A simple cost analysis
based entirely on excavation volumes indicates that deepening the Basin No. 6 North Cell
by 5 feet (including removal of the existing bench) is very costly ($1.2 million) due to the
large cell size and associated excavation volume. Estimated excavation costs for the
Martin Basin and Creamline Basin Southeast Cell are $231,000 and $557,000,
respectively. However, deepening the Basin No. 6 North Cell is more cost-effective in
terms of the increased infiltration capacity ($230,000 per 1,000 AF increase) than
deepening the Creamline Basin Southeast Cell ($448,000 per 1,000 AF increase) due to
the much larger increase in recharge volume for the Basin No. 6 North Cell (Table 4).
Deepening the Martin Basin is the most cost-effective option ($199,000 per 1,000 AF
increase) if fine-grained subsurface intervals are determined to not limit the achievable
infiltration capacity.
The estimated delivery periods to recharge an additional 1,000 AF at the deepened
Basin No. 6 North Cell, Martin Basin, and Creamline Basin Southeast Cell are 17 days,
78 days, and 72 days, respectively.
It is important to note that the comparisons of cost-effectiveness for deepening the three
recharge cells described above provide a potential basis for prioritizing the cells
considered for deepening. However, any of these basin deepening options may be
relatively cost-effective in the long term, relative to the cost of water, based on the
cumulative increase in water volume stored over many years of recharge operations. For
example, based on the average estimated increase in recharge volumes for these three
recharge cells if deepened (approximately 2,600 AF/yr), an additional total recharge
volume of 78,000 AF would be achieved over a 30-year period. If the highest cost of
excavation is assumed ($1.2 million for Basin No. 6 North Cell), the resulting unit cost is
approximately $15 per AF of increased recharge capacity, which translates to an
inexpensive source of stored water.

6.1.5 Alternative Methods of Increasing Recharge Capacity
Alternative recharge methods were considered as a means to augment recharge capacity
within the District. These methods include vadose zone and deep (direct) injection wells,
and infiltration trenches or boreholes installed inside the existing recharge basins. Use of
settling basins for specific applications was also evaluated as a means for minimizing the
amount of suspended sediments in water delivered to recharge basins and/or wells.
Because many recharge basins already exist in the District and provide a very large total
recharge capacity, evaluation of these alternative recharge methods was necessarily based
on the feasibility of these alternative methods in relation to the existing capacity, basin
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modifications, and other opportunities related to the District’s surface water distribution
system. One highly advantageous opportunity is on-farm recharge, which is an emerging
method that was also evaluated as an alternative recharge option.
Based on the evaluation provided in Section 5.3, with the exception of on-farm recharge,
none of the alternative methods are considered feasible options for improving infiltration
capacity of the District’s recharge basins and are not recommended. The overriding
reason is that they do not provide substantial additional recharge capacity relative to the
cost of installation (i.e., are not cost effective).
•

Regarding deep/direct injection wells, in addition to the large installation costs,
California regulatory agencies would require that injected water essentially meets
potable water quality standards, which likely is a fatal flaw for injecting untreated
surface water.

•

Vadose zone injection wells would not be cost effective due to the relatively low
injection capacity and the need for many wells to significantly augment recharge
capacity. In addition, injection of untreated surface water would likely cause the
vadose zone injection wells to plug relatively quickly and result in additional
efforts and costs to replace the wells.

•

Infiltration trenches and boreholes are most applicable to small recharge projects
and would likely also have a limited period of effectiveness.

•

Whereas additional settling basins (other than regulation cells) would minimize
the clogging effect of suspended sediments within associated recharge basins, the
cost and additional land area required would likely be prohibitive. However, a
variation of the settling basin concept being considered by the District consists of
connecting the Creamline Basin recharge cells to the Swall Basin recharge cells
so that the Creamline Basin recharge cells provide a second level of suspended
sediment settling for water delivered to the Swall Basin recharge cells. This
concept may have merit depending on additional investigation of the subsurface
lithologic conditions to better evaluate if infiltration capacity would still be
controlled or limited by deeper low-permeability layers.

On-farm recharge represents a potentially large source of capacity prior to the planting
season if more farmers can be encouraged to participate in these activities. Recharge
volumes in 2017 were increased by more than 10,000 AF by flooding farm fields of
willing farmers and by incentivizing additional “pre-irrigation.” In addition, this means
of recharge is a very low-cost option, depending chiefly on the District’s cost
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incentives. It is understood that the District is actively pursuing this largely un-tapped
opportunity.

6.2 Recommendations
Evaluation of results and findings from all components of the present study lead to a
number of considerations and recommendations regarding improvement of recharge
capacity within the District, including the need or benefit of additional investigations
when funding might be available. M&A’s recommendations are summarized below
based on several focus areas.

6.2.1 Feasibility of Options for Increasing Recharge Capacity
UTILIZATION OF IRRIGATION DITCHES
The most available and cost-effective means of improving recharge capacity of the
District’s surface water distribution system is to maximize use of the irrigation ditches
during periods when they otherwise would not be needed to meet pre-irrigation or full
irrigation demand. As described in Section 5.1.2, if the irrigation ditches would be filled
with water for recharge purposes during the typical 2-month period preceding preirrigation, flows of 100 cfs in the irrigation ditch system would result in recharge of an
additional 11,900 AF, which substantially exceeds the estimated improvement in
recharge capacity/volume from deepening selected basins. Additional considerations
include:
•

This recommendation assumes that the recharge system basins and canals would
be also be fully utilized during the “recharge season” (i.e., additional recharge
capacity is needed).

•

It is understood that flows as high as 100 cfs in the irrigation ditch system during
non-irrigation periods are likely only achievable during periods of very high
surface water availability such as occurred in 2017. However, the use of existing
canals and ditches during these periods incurs no additional capital costs and is
generally available if and when the capacity is needed. If more frequent regrading and sediment removal in the ditches would be required to maximize
infiltration capacity, this cost would need to be factored in, but it is very unlikely
that it would be sufficient to result in less cost-effective recharge compared to
basin deepening.
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•

The relatively large additional recharge capacity provided by the irrigation ditches
may invoke the concept of installing similar ditches along the edge of farm fields
that would only be filled/used for recharge purposes when excess water is
available. The feasibility of this option would require an analysis of costs for
constructing the ditches and associated valves and inflow structures. However,
the primary reason that the existing irrigation ditch system provides substantial
additional recharge capacity is the extensive length of the system (likely more
than half of the approximate 300 miles of delivery canals and irrigation ditches,
combined). The infiltration capacity per unit length of the irrigation ditches is
very small and it is very unlikely that installation of “several miles” of additional
ditches would result in a significant increase in recharge capacity (and there might
also be operational challenges), and would therefore not be cost-effective or
feasible.

ON-FARM RECHARGE
On-farm recharge, including flooding farm fields and increasing pre-irrigation water
applications, represents a potentially large source of additional recharge capacity in the
District and is a very low-cost option. It is recommended that the District continues to
aggressively pursue this largely un-tapped opportunity.
BASIN DEEPENING
As described in Section 6.1.4, only three of the recharge basins/cells investigated appear
appropriate or feasible for deepening as a means of improving the infiltration capacity,
including the Basin No. 6 North Cell, Martin Basin, and Creamline Basin Southeast Cell.
However, only the Basin No. 6 North Cell is estimated to have a substantial improvement
(increased infiltration capacity up to approximately 1.5 ft/day with a corresponding
increase in recharge volume of 5,330 AF for a 90-day delivery period). Because this
improvement in recharge capacity would require removal of the upper 5 feet of basin
sediments (plus removal of the existing benches), estimated costs are very large (more
than $1.2 million). Therefore, the feasibility or cost-effectiveness of deepening the Basin
No. 6 North Cell is questionable and is clearly much smaller than for the option of fully
utilizing irrigation ditches. However, if additional recharge capacity is needed after the
ditches are fully used for irrigation demand, deepening the Basin No. 6 North Cell may
then be beneficial.
The Martin Basin and the Creamline Basin Southeast Cell may have significantly
improved infiltration capacity through basin deepening depending on the thickness and
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continuity of subsurface fine-grained layers encountered in exploration borings drilled in
or at these basins/sites (for the present study and previously by BSK). Therefore, if these
basins/cells would be considered for deepening, additional exploration drilling and
trenching would be required to better characterize lithologic conditions. In any event, the
potential improvement of infiltration capacity for the Creamline Basin Southeast Cell
through basin deepening (increased infiltration capacity up to approximately 1.0 ft/day
with a corresponding increase in recharge volume of only 1,240 AF for a 90-day delivery
period) would likely not warrant the large cost for removal of the upper 5 feet of basin
sediments ($557,000).
For all recharge basins at which operational infiltration testing was conducted, measured
infiltration rates were typically slightly higher for larger heads as would be expected,
although the impact of the higher heads was small. In general, it is not necessarily the
case that maximizing heads results in maximum infiltration rates, especially over lengthy
recharge periods when large heads could cause some compression of near-surface finegrained layers. It would be difficult to determine the optimal head for each basin without
extensive operational infiltration testing over a long time period. Based on results of the
tests conducted for the present study, it appears that use of moderate heads
(approximately 3 to 4 feet) at most basins would provide relatively similar infiltration
rates as the use of higher heads, negating the motivation to increase heads (with the
exception of the Martin Basin, addressed below). In addition, it is understood that
operational considerations for delivering water through the water distribution system will
likely dictate the amount and duration of water delivery to a given recharge basin via the
regulation cells regardless of any potential benefit of targeting an optimal head. This
consideration is especially relevant to periods of high water availability, such as this past
year, where the District needs to accept and recharge as much water as possible.
It is important to note that for the Martin Basin, infiltration rates were significantly higher
at heads of approximately 7 feet or more (approximately 0.6 ft/day for lower heads and
more than 1.0 ft/day for high heads). The larger impact of the higher heads may be due
to more substantial lateral flow in the subsurface layers (that have relatively higher
permeability) with increasing head, or that the higher water levels in the basin intersect a
higher permeability layer near the top of the basin. These effects would be more
significant at the Martin Basin due to its relatively small size (14.5 acres) compared to the
other basins investigated. Therefore, maximizing heads during recharge operations at the
Martin Basin is recommended.
Evaluation of constructing new recharge basins was not included in the present study
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specific lithologic conditions at identified sites, which is a more comprehensive and
costly effort than could be conducted under the available budget. However, it is clear
that the cost for constructing new basins would be much larger than for deepening
existing basins, especially if land acquisition and construction of a new segment of
delivery canal are required. To provide a general idea of capital costs for constructing a
new recharge basin facility, the District estimates that the purchase cost for farm land
(assuming no existing tree crops) is on the order of $25,000 per acre and the cost to
construct recharge basins and appurtenances is approximately $20,000 per acre (based on
costs incurred to develop existing recharge facilities). Therefore, the total cost for land
acquisition and recharge facility development would be approximately $45,000 per acre,
resulting in a cost on the order of $1.8 million for a facility consisting of 40 acres of
recharge basins. This cost is not necessarily prohibitive if the chosen site would have
relatively high infiltration capacity, which would need to be evaluated through sitespecific hydrogeologic investigations.
ALTERNATIVE RECHARGE METHODS
Alternative recharge methods (other than on-farm recharge) include vadose zone and
deep/direct injection wells, infiltration trenches or boreholes installed inside the existing
recharge basins, and construction and use of new basins as settling basins. These
methods are generally not feasible or cost-effective for augmenting recharge capacity
within the District (or within a given basin) and are therefore not recommended.
However, it is possible that special circumstances or opportunities could arise that might
warrant consideration of these methods.

6.2.2 Additional Investigations
Hydrogeologic investigations have been conducted at 12 recharge cells (eight basins) in
the District, which includes various combinations of trenching, drilling (M&A and BSK),
and operational infiltration testing (as listed in Section 6.1). These investigations
targeted basins/cells that are all located in approximately the north half of the District.
There are 17 recharge cells in the District totaling 923 acres; the cells that have received
some type of investigation represent a total of 482 acres, which is 52% of the total
recharge cell area. Therefore, the lithologic conditions and/or infiltration capacity of
approximately half of the recharge cell area has not been investigated. Regarding only
operational infiltration testing, the cells at which this testing was conducted represent a
total of 264 acres, which is only 29% of the total recharge cell area. Based on anecdotal
information and general observations, the recharge cells in approximately the south half
of the District are believed to relatively fine-grained with “small” infiltration capacity.
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If and when funding would be available, hydrogeologic investigations are recommended
for selected recharge basins/cells already investigated and for additional basins/cells to
better quantify existing recharge capacity within the District’s recharge system and to
evaluate the feasibility of recharge enhancement (especially basin deepening) at the
selected basins. It is understood that available funding if secured, would limit the scope
and number of investigations that could be conducted, but the following list provides an
initial assessment and prioritization of potential projects.
•

As described in Section 6.1.4, additional borings are highly recommended for the
Martin Basin and the Creamline Basin Southeast Cell if deepening of these basins
would be considered. Confirming and/or better characterizing the thickness and
continuity of subsurface fine-grained layers (encountered in exploration borings)
is critical to evaluating the feasibility of basin deepening. Additional trenching
and/or drilling should also be included in evaluating basin deepening for the Basin
No. 6 North Cell even though results of the completed investigations indicate that
infiltration capacity can be significantly improved through removal of the upper
5 feet. The number and locations of trenches and borings in this cell are pretty
sparse in relation to the large cell size. The additional “in-fill” of lithologic data
would be important for confirming the generally favorable conditions before
investing more than $1.2 million on basin deepening, and would also allow a
more complete or accurate assessment of the depth of surface sediment removal
across the cell. This same approach should be used for any basin/cell to be
considered for basin deepening.

•

Based chiefly on the large basin/cell sizes, the Guinn Basin and Anderson Basin
recharge cells would be prioritized for lithologic investigations, perhaps followed
by the Creamline Basin Southwest Cell and the Basin No. 3 North Cell. The
Tagus Basin, located outside the District’s north boundary, is assumed to also
have lower priority.

•

Similar to the present study, exploration trenching would be conducted at the
basins/cells to first evaluate the near-surface lithologic conditions and determine
if fine-grained low-permeability sediments are too thick and deep to allow
significant infiltration capacity improvement through basin deepening.
Exploration drilling would be recommended only if near-surface fine-grained
sediments occur chiefly in the upper 5 feet and could be feasibly removed.

•

BSK conducted exploration drilling at the Swall Basin site (before the cells were
excavated. Trenching or direct-push investigations would be useful in one or
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more of the cells, especially the East Cell, to better characterize the near-surface
zone across the entire area of this large cell and evaluate the depth and thickness
of the layer that is controlling or limiting infiltration rates.
•

When sufficient surface water deliveries occur in the future, low-cost operational
infiltration testing is highly recommended for as many additional basins as
possible. Operational infiltration testing should be prioritized to target the two
basins/cells at which trenching investigations were conducted for the present
study, but infiltration testing was not (Basin No. 3 South Cell and Basin No. 8).
Additional infiltration testing should be conducted at the Basin No. 6 North Cell;
only two falling-head cycles were completed at this cell, which indicated a
surprisingly low infiltration rate of 0.25 ft/day. Infiltration testing should also be
prioritized for Basin No. 6 South Cell and Basin No. 8.

•

At selected basins where lithologic characterization indicates potential impeding
layers at depths between approximately 10 to 15 below the basin floor, shallow
piezometers could be installed manually at the edge of the basins to provide
measurements of potential perched water mounding during operational infiltration
testing. The results would allow evaluation of the potential limiting effect of the
impeding layers on the measured infiltration rates.

•

For basin/cells that might considered for deepening (Basin No. 6 North Cell,
Creamline Basin Southeast Cell, and Martin Basin), smaller-scale infiltration
tested should be conducted at the targeted depths of basin deepening to better
quantify potential infiltration rates and confirm the benefit of deepening the basin
before committing to the associated efforts and costs. Alternatively (or in
addition), a moderately-sized test basin (1 acre or more) could first be excavated
within the recharge basin to the targeted depth of deepening, and several fallinghead cycles could be conducted to determine a more reliable estimate of the
improved infiltration rate.

6.2.3 Other Considerations Related to Groundwater Sustainability Planning
The benefits of maximizing recharge capacity in 2017 are very apparent from the
relatively rapid groundwater level response observed. Comparison of groundwater levels
across the District in the Fall of 2017 to the Fall of 2016 (based on the District’s data)
indicates that groundwater levels rose substantially, ranging from approximately 10 to
40feet or more, with the largest rise occurring generally in the north half and southwest
corner of the District. The larger groundwater level rise in the north half of the District is
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consistent with the large number and high overall capacity of recharge basins in the north
half relative to the south half. Relevant considerations for groundwater sustainability
include the following:
•

Despite the large and rapid groundwater level response in 2017, it is not known if
surface recharge is resulting in replenishment of chiefly the shallow or “perched”
aquifer above the Corcoran Clay or if sufficient amounts of water are moving
through this aquitard to recharge the deeper (confined) aquifer zone. Based on
limited lithologic and geophysical data for deep wells (Section 4.1.8), depth to the
top of the Corcoran Clay may be on the order of 200 feet and thickness may range
from approximately 100 to 200 feet across much of the District. It is important to
note that, based on recent geophysical surveys, this clay unit thins and/or is
discontinuous in the northeast part of the District (essentially east of State
Highway 99) and may also have variable thickness and continuity across other
parts of the District.

•

It is assumed that most irrigation wells are completed to depths below the
Corcoran Clay and are perforated across most of the installed depth, and would
therefore extract groundwater from both above and below the clay unit. If this is
the case, it is likely that piezometric levels and pore pressures have declined in the
deeper aquifer zone across the District due to extensive pumping for irrigation
during the years when surface water was limited or not available. In addition,
groundwater levels measured in these wells could represent a composite
piezometric level of the (assumed) separate aquifer zones or may simply measure
the phreatic surface of the shallow aquifer.

•

If most of the wells are chiefly completed to depths above the clay unit (which
seems unlikely), groundwater extraction would be occurring from only above the
clay unit and the measured groundwater levels would accurately represent the
phreatic surface of the shallow aquifer zone. In this event, the piezometric level
of the deeper aquifer zone would not be known, but desaturation of this zone
would not be a concern. It is very unlikely that the irrigation wells are perforated
only below the Corcoran Clay (there would not have been a rapid groundwater
level rise from recharge in 2017), but this would represent the worst condition in
relation to long-term drawdown and possible desaturation of the deep aquifer
zone.

•

The uncertainty regarding the representativeness of measured groundwater levels
is due to lack of knowledge of the depths and perforated intervals for the large
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number of irrigation wells within the District. Therefore, it is highly
recommended that well construction records be obtained from the California
Department of Water Resources, if available. If records are not available, the
District could attempt to measure total depths and perforated intervals for selected
wells. It is recognized that measurements of the perforated intervals would
require raising the pump head and video logging the well, which would incur a
significant effort and cost. However, critical aspects of evaluating groundwater
sustainability within the District include understanding the difference in
piezometric levels of the two aquifer zones, documenting the potential degree of
desaturation of the deep aquifer zone, and developing strategies for replenishing
the deep aquifer zone to prevent subsidence and balance pumping (assuming
irrigation wells are completed in the deep zone).
•

In addition to pursuing records or direct measurements of well depths and
perforated intervals, it is recommended that the District install appropriately
designed monitor wells at selected locations across the District. These wells
could be constructed similarly to the four dual-completion monitor wells installed
in 2016 in the northcentral part of the District (BSK, 2016). Unlike the majority
of irrigation wells currently used for groundwater level monitoring, the new
monitor wells would be screened in targeted intervals to provide representative
water level measurements for both aquifer zones (above and below the Corcoran
Clay), as described above.

•

Evaluation of recharge enhancement options should include considerations related
to identifying areas within the District where recharge would provide the greatest
water resource benefit, to the extent possible. Possible examples include:
o Due to the apparent absence of the Corcoran Clay in the northeast part of
the District, more focused recharge in this area would allow recharge of
the aquifer in a manner that would promote replenishment of the deep
aquifer zone underlying the eastern extent of the clay unit. This condition
would favor augmentation of recharge capacity at the Creamline and Swall
basins/cells.
o Deepening of the Creamline Basin Southeast Cell and lithologic
investigations at the Creamline Basin Southwest Cell are included in the
recommendations above. In addition, possible use of the Creamline Basin
Southeast Cell as a secondary settling basin for water delivered to the
Swall Basin is being evaluated by the District.
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ACRONYMS & ABBREVIATIONS

AF.................. acre-feet
AF/day ........... acre-feet per day
AF/yr ............. acre-feet per year
bls .................. below land surface
cfs .................. cubic feet per second
cm/sec ............ centimeters per second
District .......... Tulare Irrigation District
ft/day ............. feet per day
GIS ................ geographic information system
gpm................ gallons per minute
HydroMetrics WRI…….HydroMetrics Water Resources Inc.
K sat ................ saturated hydraulic conductivity
M&A ............. Montgomery & Associates
TID ................ Tulare Irrigation District
USBR ............ United States Bureau of Reclamation
USCS ............ Unified Soil Classification System
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TABLE 1. SUMMARY OF LABORATORY RESULTS FOR SOIL PHYSICAL ANALYSES
FOR SOIL SAMPLES OBTAINED AT SELECTED RECHARGE BASINS
TULARE IRRIGATION DISTRICT, TULARE COUNTY, CALIFORNIA

BASIN / CELL

Creamline
Basin
Southeast Cell

FIELD
STUDYa

PARTICLE SIZE ANALYSIS (SIEVE ANALYSES)c
SAMPLE
TRENCH
SILT &
SAND
GRAVEL
OR BORING INTERVAL
COARSE MEDIUM
FINE
TOTAL
CLAY
……………….…………..percent……………………………
IDENTIFIER (ft, bls)b

PLASTICITY INDICESd
LIQUID PLASTIC PLASTICITY
LIMIT
LIMIT
INDEX

Trench

CL-1

0.6 - 1.5

0

22

9

22.9

53.9

46.1

28

20

8

Trench

CL-2

1.4 - 3

0

4

2

41.7

47.7

52.3

---

---

NP

Trench

CL-3

1.8 - 3

0

13

7

31.4

51.4

48.6

---

---

NP

Trench

CL-4

0.3 - 2.5

2

23

7

22.3

52.3

45.7

25

17

8

Trench

CL-5

3-5

1

3

1

7.6

11.6

87.4

29

22

7

Trench

CL-6

2.5 - 5

0

10

8

37.1

55.1

44.9

---

---

NP

Trench

CL-7

1.4 - 4

0

8

5

22.4

35.4

64.6

24

19

5

Trench

CL-8

2.8 - 5

1

32

16

25.0

73.0

26.0

---

---

NP

Boring

B1

13.5 - 16

1

8

6

21.0

35.0

64.0

35

15

20

Boring

B1

35 - 36.5

1

6

2

31.1

39.1

59.9

28

22

6

Boring

B1

45 - 46.5

0

12

5

26.7

43.7

56.3

34

21

13

Boring

B2

22.5 - 28

1

4

2

10.1

16.1

82.9

33

23

10

Boring

B2

32.5 - 33

0

6

4

22.3

32.3

67.7

38

23

15

Boring

B3

29 - 34

3

9

4

21.0

34.0

63.0

33

19

14
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SEDIMENT DESCRIPTION e
SILTY CLAYEY SAND; non-lithified; slightly to moderately cohesive
SANDY SILT/SILTY SAND; non-lithified; non-cohesive
SILTY SAND/SANDY SILT; non-lithified; non-cohesive
SILTY SAND/SANDY SILT; non-lithified; slightly cohesive
SILT; non-lithified; slightly cohesive
SILTY SAND; non-lithified; non-cohesive
SANDY SILT; non-lithified; slightly cohesive
SAND with SILT; non-lithified; non-cohesive
SANDY SILT AND CLAY; non-lithified; moderately to very cohesive
SANDY SILT; non-lithified; slightly cohesive
SANDY SILT; non-lithified; slightly to moderately cohesive
SILT AND CLAY with SAND; non-lithified; moderately cohesive
SANDY SILT AND CLAY; non-lithified; moderately cohesive
SANDY SILT AND CLAY; non-lithified; moderately cohesive

TABLE 1. SUMMARY OF LABORATORY RESULTS FOR SOIL PHYSICAL ANALYSES
FOR SOIL SAMPLES OBTAINED AT SELECTED RECHARGE BASINS
TULARE IRRIGATION DISTRICT, TULARE COUNTY, CALIFORNIA

BASIN / CELL

Basin No. 3
South Cell

Basin No. 6
North Cell

FIELD
STUDYa

PARTICLE SIZE ANALYSIS (SIEVE ANALYSES)c
SAMPLE
TRENCH
SILT &
SAND
GRAVEL
OR BORING INTERVAL
COARSE MEDIUM
FINE
TOTAL
CLAY
……………….…………..percent……………………………
IDENTIFIER (ft, bls)b

PLASTICITY INDICESd
LIQUID PLASTIC PLASTICITY
LIMIT
LIMIT
INDEX

Trench

#1

0.6 - 2.4

0

7

2

21.5

30.5

69.5

22

18

4

Trench

#2

0.3 - 2

1

6

3

37.1

46.1

52.9

21

17

4

Trench

#3

0.3 - 2.5

0

7

2

15.1

24.1

75.9

28

15

13

Trench

#4

1.6 - 3.5

0

6

7

39.2

52.2

47.8

23

16

7

Trench

#5

0-1

1

9

7

23.1

39.1

59.9

25

17

8

Trench

#6

1.5 - 4

1

11

4

20.6

35.6

63.4

28

19

9

Trench

#8

0.3 - 1.8

0

7

5

32.6

44.6

55.4

25

17

8

Trench

#8

1.8 - 3.2

0

7

5

32.5

44.5

55.5

24

18

6

Trench

#9

4-6

0

3

1

12.1

16.1

83.9

27

23

4

Trench

#11

4 - 5.2

0

1

3

31.4

35.4

64.6

44

22

22

Trench

#2

0.7 - 2

0

18

5

17.6

40.6

59.4

30

16

14

Trench

#4

0 - 0.8

0

2

1

4.1

7.1

92.9

38

22

16

Trench

#5

1.4 - 3

0

11

6

15.5

32.5

67.5

27

16

11

Trench

#8

2.6 - 6

0

15

7

30.7

52.7

47.3

23

17

6

Boring

B2

17 - 21

1

9

5

28.5

42.5

56.5

21

15

6

Boring

B2

40 - 41.5

1

8

4

26.5

38.5

60.5

34

15

19

Boring

B3

15.5 - 21

0

3

2

18.3

23.3

76.7

31

20

11

Boring

B3

30.5 - 40

0

5

5

35.6

45.6

54.4

24

19

5

Boring

B4

21.5 - 25

1

19

12

34.6

65.6

33.4

34

22

12
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SEDIMENT DESCRIPTION e
SANDY SILT; non-lithified; slightly cohesive
SANDY SILT; non-lithified; slightly cohesive
SILT AND CLAY with SAND; non-lithified; moderately cohesive
SILTY SAND; non-lithified; slightly cohesive
SANDY CLAYEY SILT; non-lithified; slightly to moderately cohesive
SANDY SILT AND CLAY; non-lithified; slightly to moderately
cohesive
SANDY SILT AND CLAY; non-lithified; slightly to moderately
cohesive
SANDY SILT; non-lithified; slightly cohesive
SILT with SAND; non-lithified; slightly cohesive
SANDY SILT and CLAY; non-lithified; moderately to very cohesive
SANDY SILT AND CLAY; non-lithified; moderately cohesive
SILT AND CLAY; non-lithified; moderately to very cohesive
SANDY SILT AND CLAY; non-lithified; moderately cohesive
SILTY SAND; non-lithified; slightly cohesive
SANDY SILT; non-lithified; slightly cohesive
SANDY SILT AND CLAY; non-lithified; moderately cohesive
SILT with SAND; non-lithified; slightly to moderately cohesive
SANDY SILT; non-lithified; slightly cohesive
SILTY SAND; non-lithified; slightly cohesive

TABLE 1. SUMMARY OF LABORATORY RESULTS FOR SOIL PHYSICAL ANALYSES
FOR SOIL SAMPLES OBTAINED AT SELECTED RECHARGE BASINS
TULARE IRRIGATION DISTRICT, TULARE COUNTY, CALIFORNIA

BASIN / CELL

Basin No. 6
South Cell

Basin No. 8

FIELD
STUDYa

PARTICLE SIZE ANALYSIS (SIEVE ANALYSES)c
SAMPLE
TRENCH
SILT &
SAND
GRAVEL
OR BORING INTERVAL
COARSE MEDIUM
FINE
TOTAL
CLAY
……………….…………..percent……………………………
IDENTIFIER (ft, bls)b

PLASTICITY INDICESd
LIQUID PLASTIC PLASTICITY
LIMIT
LIMIT
INDEX

Trench

#1

1.3 - 4.5

0

2

1

49.7

52.7

47.3

---

---

NP

Trench

#3

0.5 - 2.2

0

1

2

40.7

43.7

56.3

25

20

5

Trench

#4

4 - 6.5

1

5

2

42.6

49.6

49.4

28

18

10

Trench

#5

0.4 - 1.6

0

2

2

31.0

35.0

65.0

26

22

4

Trench

#6

0.4 - 1.6

1

15

8

25.3

48.3

50.7

27

17

10

Trench

#9

2.2 - 4.4

0

5

4

24.1

33.1

66.9

26

18

8

Boring

B5

26 - 29

0

4

3

16.7

23.7

76.3

38

20

18

Trench

#3

7 - 11

2

5

3

15.1

23.1

74.9

34

21

13

Trench

#4

2.8 - 5

1

6

1

19.4

26.4

72.6

---

---

NP

Trench

#7

4.5 - 6

2

6

3

11.4

20.4

77.6

46

22

24

Trench

#8

1.4 - 3

3

4

1

26.7

31.7

65.3

27

18

9

Trench

#8

3.6 - 4.8

0

3

1

17.1

21.1

78.9

29

20

9

SEDIMENT DESCRIPTION e
SILTY SAND; non-lithified; non-cohesive
SANDY SILT; non-lithified; slightly cohesive
SANDY SILT/SILTY SAND; non-lithified; slightly to moderately
cohesive
SANDY SILT; non-lithified; slightly cohesive
SANDY SILT/SILTY SAND; non-lithified; slightly to moderately
cohesive
SANDY SILT AND CLAY; non-lithified; slightly to moderately
cohesive
SILT AND CLAY with SAND; non-lithified; moderately to very
cohesive
SILT AND CLAY with SAND; non-lithified; moderately cohesive
SILT with SAND; non-lithified; non-cohesive
SILT AND CLAY with SAND; non-lithified; moderately to very
cohesive
SANDY SILT AND CLAY; non-lithified; slightly to moderately
cohesive
SILT AND CLAY with SAND; non-lithified; slightly to moderately
cohesive

NOTE: All samples were obtained by Montgomery & Associates and were analyzed by Terracon of Tucson, Arizona.
a

Field studies included exploration trenches (Trench) and exploration borings (Boring).

b

ft, bls = feet below land surface

c

Particle size distribution was determined by mechanical sieve analysis using ASTM method D422; particle size ranges for gravel, sand, and silt and clay fractions are based on the U.S. Department of Agriculture system,

d
e

except that the division between sand and fines (silt and clay) was based on the No. 200 sieve instead of the No. 230 sieve.
Plasticity indices were determined using ASTM method D4318. " NP" = non-plastic
Sediment descriptions are based on manual methods by Montgomery & Associates' geologists.

--- = Not applicable
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TABLE 2. SUMMARY OF RESULTS OF FALLING-HEAD CYCLES
FOR OPERATIONAL INFILTRATION TESTS CONDUCTED IN RECHARGE BASINS
TULARE IRRIGATION DISTRICT, TULARE COUNTY, ARIZONA

a
b
c
d

e

f

BEGINNING
HEADa
(feet)

HEAD
b
DECLINE
(feet)

CALCULATED
CYCLE
INFILTRATION
RATEc
(feet/day)

REPRESENTATIVE REPRESENTATIVE
CYCLE
OVERALL
INFILTRATION
INFILTRATION
RATEd
RATEe
(feet/day)
(feet/day)

BASIN / CELL

CYCLE

CYCLE
LENGTH
(hours)

Creamline Basin
Southeast Cell

1
2
3
4
5

180
48
57
54
68

5.06
5.43
4.37
4.52
5.22

4.64
1.00
1.18
1.12
1.42

0.62
0.50
0.50
0.50
0.50

0.6
0.55
0.5
0.5
0.5

0.5
(for average head
of 4 to 5 feet)

Creamline Basin
Southwest Cell

1
2
3
4
5

25
66
80
66
52

4.56
4.08
4.90
3.24
4.34

0.53
1.34
1.48
1.18
0.90

0.51
0.49
0.44
0.43
0.42

0.5
0.53
0.52
0.44
0.47

0.5
(for average head
of 3 to 4 feet)

Swall Basin
East Cell

1
2
3
4

186
55
71
63

7.51
6.11
5.42
4.67

4.37
1.03
1.26
1.12

0.56
0.45
0.43
0.43

0.55
0.45
0.42
0.42

0.45
(for average head
of 5 to 6 feet)

Swall Basin
Northwest Cell

1

164

9.48

3.63

0.53

0.53

0.53
(for average head
of 6.5 feet)

Basin No. 3
South Cell

1
2
3
4
5

33
74
56
102
50

1.71
2.82
2.66
3.14
2.77

0.73
1.14
1.27
1.40
0.68

0.53
0.37
0.54
0.33
0.33

0.5
0.35
0.55
0.35
0.4

0.45
(for average head
of 1 to 2 feet)

Basin No. 6
North Cell

1
2

68
96

6.23f
f
5.41

0.51
1.02

0.18
0.26

0.25
0.25

0.25
(for average head
of 5 feet)

Martin Basin

1
2
3
4
5
6
7
8
9
10

41
35
50
51
56
88
53
84
68
115

5.88
7.98
7.44
7.98
6.60
7.47
7.80
7.70
6.26
6.28

1.15
1.15
1.35
1.65
1.56
2.02
1.70
2.16
1.19
1.89

0.67
0.79
0.65
0.78
0.67
0.55
0.77
0.62
0.42
0.39

0.7
0.7
0.5
0.8
0.8
0.6
0.7
0.6
0.4
0.4

0.6
(for average head
of 4 to 6 feet)

Beginning Head = basin water level at beginning of falling-head cycle
Head Decline = water level decline in basin at end of falling-head cycle
Calculated Cycle Infiltration Rate = head decline in basin divided by length of falling-head cycle, converted to feet per day
Representative Cycle Infiltration Rate = rate selected to be most representative for the falling-head cycle based on analysis
of all calculated incremental infiltration rates during the cycle; may be the Calculated Infiltration Rate or an average
of consecutive incremental rates (12-hour rolling average) during the middle to late portions of the cycle.
Representative Overall Infiltration Rate = rate selected to be the most representative for the entire testing period based on
the cycle infiltration rates
The pressure transducer was placed on top of the 4-foot high bench along the south boundary of Basin No. 6 North Cell;
most of the basin floor had a head approximately 4 feet larger than was measured; therefore, the measured values were
increased by 4 feet to represent conditions in most of the basin.
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TABLE 3. SUMMARY OF APPROXIMATE BASIN AREA AND ESTIMATED RECHARGE CAPACITY FOR EXISTING BASINS
TULARE IRRIGATION DISTRICT, TULARE COUNTY, CALIFORNIA
APPROXIMATE
a

AREA

REPRESENTATIVE

c

INFILTRATION RATE

ESTIMATED RECHARGE VOLUMES FOR
SELECTED WATER DELIVERY PERIODS (acre-feet)

27.6
26.0
19.9
38.4

BASIN
TYPEb
recharge
recharge
regulation
regulation

Swall Basin East Cell
Swall Basin Northwest Cell
Swall Basin Southwest Cell

57.1
34.6
29.9

recharge
recharge
recharge

Basin No. 3 South Cell
Basin No. 3 North Cell
Basin No. 3 West Cell

56.1
57.0
15.8

recharge
rechargee
regulation

Basin No. 6 North Cell
Basin No. 6 South Cell
Basin No. 6 East Cell
Basin No. 8 East Cell
Basin No. 8 West Cell
Martin Basin West Cell
Martin Basin East Cell
Tagus Basin North Cell
Tagus Basin South Cell
Enterprise Basin

47.4
49.9
32.2
83.1
24.4
14.3
5.0
47.3
14.4
14.6

recharge
recharge
regulation
recharge
regulation
recharge
regulation
recharge
regulation
recharge

0.45
0.46
0.25
0.25
0.45
0.25
0.45
0.25
0.60
0.25
0.46
0.25
0.46

40

recharge

0.46

18.4

1,656

2,208

3,312

40
153

recharge
recharge

0.46
0.46

18.4
70.4

1,656
6,334

2,208
8,446

3,312
12,668

145

recharge

0.46

66.7

6,003

8,004

12,006

4

regulation

0.25

1.0

90

120

180

BASIN / CELL
Creamline Basin Southeast Cell
Creamline Basin Southwest Cell
Creamline Basin Northeast Cell
Creamline Basin Northwest Cell

Cordeniz Basinf
g

Liberty Basin
Guinn Basin
Anderson Basin North Cell
Anderson Basin South Cell
Anderson Basin West Cell

(acres)

1465.04/Tbl3_Basin_Areas_Capacities_rev.xlsx/26Feb2018

(feet/day)

Dailyd

90 days

120 days

180 days

0.50
0.50
0.25
0.25
0.45
0.50
0.46

13.8
13.0
5.0
9.6

1,241
1,170
448
864

1,654
1,560
598
1,152

2,481
2,341
897
1,728

25.7
17.3
13.8

2,313
1,557
1,239

3,083
2,076
1,651

4,625
3,114
2,477

25.2
26.2
3.9

2,272
2,359
355

3,029
3,145
473

4,544
4,717
710

11.8
22.5
8.0
37.4
6.1
8.6
1.3
21.8
3.6
6.7

1,066
2,022
723
3,366
549
774
113
1,959
324
604

1,421
2,696
965
4,488
731
1,033
150
2,612
431
806

2,132
4,045
1,447
6,732
1,097
1,549
225
3,918
647
1,209
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TABLE 3. SUMMARY OF APPROXIMATE BASIN AREA AND ESTIMATED RECHARGE CAPACITY FOR EXISTING BASINS
TULARE IRRIGATION DISTRICT, TULARE COUNTY, CALIFORNIA
APPROXIMATE
a

AREA
BASIN / CELL
Doris Basin
Watte Basin
Ambercrombie Basin

(acres)
15
16
11

TOTAL RECHARGE CELL AREA

922.9

TOTAL REGULATION CELL AREA

196.0

TOTAL COMBINED AREA
a

REPRESENTATIVE
BASIN
TYPEb
regulation
regulation
regulation

c

INFILTRATION RATE
(feet/day)
0.25
0.25
0.25

TOTAL RECHARGE VOLUMES:

ESTIMATED RECHARGE VOLUMES FOR
SELECTED WATER DELIVERY PERIODS (acre-feet)
Dailyd
3.8
4.0
2.8

90 days
338
360
248

120 days
450
480
330

180 days
675
720
495

467

42,002

56,002

84,004

1,118.9

Basin/cell areas for the basins investigated (Creamline Basin down through Martin Basin shown above) were determined by
Montgomery & Associates by digitizing the basin boundaries using Geographic Information Systems (GIS) based on recent aerial
photographs (BINGTM imagery). Basin acreages for the remaining basins were taken from Table 3 of HydroMetrics WRI's 2015 report.

b

Basin types consist of "recharge" cells (used specifically for infiltrating water) and "regulation" cells (used for regulating/distributing
water within the recharge system). Recharge and regulation cells are also known as "sinking" and "running" cells, respectively.

c

The representative infiltration rate for each basin/cell is based on infiltration test results for the cells tested (Table 2) and is
estimated/assumed for the remaining basins/cells, as described in Section 5.1.

d

Daily recharge volume = basin/cell area multiplied by the representative infiltration rate

e

Basin No. 3 North Cell is typically operated as a regulation cell even though designed as a recharge cell. For the purposes of the
present study, it is considered a recharge cell.

f

Cordeniz Basin is essentially an expansion of the Enterprise Basin and is currently under construction (indicated area is
approximate); the entire basin area is assumed to be a recharge cell.

g

Liberty Basin is a very shallow (bermed) field occasionally used for recharge; indicated area is approximate.
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TABLE 4. ESTIMATED RECHARGE CAPACITY IMPROVEMENT AND COSTS FOR DEEPENING
SELECTED RECHARGE BASINS, TULARE IRRIGATION DISTRICT, TULARE COUNTY, CALIFORNIA
CREAMLINE BASIN

BASIN NO. 6 NORTH CELL

SOUTHEAST CELL

5 FEETa

3 FEETa

APPROXIMATE BASIN AREA
(acres)

MARTIN BASIN

27.6

47.4

47.4

14.3

CURRENT INFILTRATION RATE
(feet/day)b

0.5

0.25

0.25

0.6

ESTIMATED INFILTRATION RATE
FOR DEEPENED BASIN (feet/day)c

1.0

1.5

1.0

1.5

ESTIMATED INCREASE IN
INFILTRATION RATE FOR
DEEPENED BASIN (feet/day)

0.5

1.25

0.75

0.9

Daily

13.8

59.3

35.6

12.9

90 Days

1,242

5,333

3,200

1,158

120 Days

1,656

7,110

4,266

1,544

180 Days

2,484

10,665

6,399

2,317

5

5

3

4

VOLUME OF SPOIL (cubic yards)

222,640

490,120

337,176

92,283

EXCAVATION COST ($2.50/cy)f

$556,600

$1,225,300

$842,940

$230,707

NORMALIZED COST (per 0.5
foot/day increase)g

$556,600

$490,120

$561,960

$128,170

NORMALIZED COST (per 1,000 acrefeet increase assuming 90-day
delivery)h

$448,148

$229,780

$263,460

$199,177

NUMBER OF DAYS TO RECHARGE
ADDITIONAL 1,000 ACRE-FEET

72

17

28

78

ESTIMATED INCREASE IN
RECHARGE VOLUMEd
(acre-feet)

DEPTH OF DEEPENING (feet)e

a

Two scenarios for basin deepening are provided for Basin No. 6 North Cell: (1) removal of 5 feet of sediments,
which is estimated to increase infiltration capacity by 1.25 feet/day; and (2) removal of 3 feet of sediments,
which is estimated to increase infiltration capacity by 0.75 feet/day
b
Refer to Section 4.2 of report and Table 2
c

d

Refer to Section 5.2 of report
Estimated increase in recharge volume equals the estimated increase in infiltration rate multiplied by the basin area
multiplied by the surface water delivery period

e

Refer to Section 5.2 of report

f

Excavation cost is based on a unit cost of $2.50 per cubic yard (cy), assuming that spoil is stockpiled on-site

g

Excavation cost is expressed per unit of increased recharge capacity, where the unit is 0.5 feet/day

h

Excavation cost is expressed per unit of increased recharge volume, where the unit is 1,000 acre-feet
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FIGURE 15. CREAMLINE BASIN SOUTHEAST CELL: HYDROGRAPH OF FALLING-HEAD
CYCLES FOR OPERATIONAL INFILTRATION TESTS
TULARE IRRIGATION DISTRICT
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FIGURE 16. CREAMLINE BASIN SOUTHEAST CELL: INCREMENTAL INFILTRATION
RATES MEASURED DURING FALLING-HEAD CYCLES
TULARE IRRIGATION DISTRICT
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FIGURE 17. CREAMLINE BASIN SOUTHWEST CELL: HYDROGRAPH OF FALLING-HEAD
CYCLES FOR OPERATIONAL INFILTRATION TESTS
TULARE IRRIGATION DISTRICT
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FIGURE 18. CREAMLINE BASIN SOUTHWEST CELL: INCREMENTAL INFILTRATION
RATES MEASURED DURING FALLING-HEAD CYCLES
TULARE IRRIGATION DISTRICT
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FIGURE 19. SWALL BASIN EAST CELL: HYDROGRAPH OF FALLING-HEAD
CYCLES FOR OPERATIONAL INFILTRATION TESTS
TULARE IRRIGATION DISTRICT
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FIGURE 20. SWALL BASIN EAST CELL: INCREMENTAL INFILTRATION RATES
MEASURED DURING FALLING-HEAD CYCLES
TULARE IRRIGATION DISTRICT
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FIGURE 21. SWALL BASIN NORTHWEST CELL: HYDROGRAPH OF FALLING-HEAD
CYCLES FOR OPERATIONAL INFILTRATION TESTS
TULARE IRRIGATION DISTRICT
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FIGURE 22. SWALL BASIN NORTHWEST CELL: INCREMENTAL INFILTRATION
RATES MEASURED DURING FALLING-HEAD CYCLES
TULARE IRRIGATION DISTRICT
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FIGURE 23. BASIN NO. 3 SOUTH CELL: HYDROGRAPH OF FALLING-HEAD
CYCLES FOR OPERATIONAL INFILTRATION TESTS
TULARE IRRIGATION DISTRICT
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FIGURE 24. BASIN NO. 3 SOUTH CELL: INCREMENTAL INFILTRATION RATES
MEASURED DURING FALLING-HEAD CYCLES
TULARE IRRIGATION DISTRICT
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FIGURE 25. BASIN NO. 6 NORTH CELL: HYDROGRAPH OF FALLING-HEAD
CYCLES FOR OPERATIONAL INFILTRATION TESTS
TULARE IRRIGATION DISTRICT
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FIGURE 26. BASIN NO. 6 NORTH CELL: INCREMENTAL INFILTRATION RATES
MEASURED DURING FALLING-HEAD CYCLES
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Appendix A

Lithologic Descriptions and Graphic Logs for
Exploration Trenches

APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 1
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/04/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

1

GRAVEL /SAND
/FINES PERCENT*
0 / 50 / 50

COMMENTS
Non-lithified; loose; non-cohesive; dry

CLAYEY SANDY SILT (ML)

0 / 50 / 50

Non-lithified; firm; moderately cohesive; moist

(CLAYEY) SANDY SILT (ML/CL)

0 / 30 / 70

Non-lithified; slightly cohesive; moist; includes pockets of increased clay
content (moderately cohesive)

SILTY SAND (SM)

5 / 65 / 30

Non-lithified; non-cohesive; moist

SILTY SAND (SM)

TR / 55 / 45

GENERAL DESCRIPTION
SANDY SILT / SILTY FINE SAND
(ML/SM)

2

3

4

5

6

Non-lithified; soft; slightly to very slightly cohesive; very moist

7

8

9

10

TD: 10.0 feet

11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 1
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/04/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.6

SANDY SILT / SILTY FINE SAND (ML/SM): Dark grayish brown [10YR4/2]; very fine to
medium sand 50%, silt 50%. Non-lithified. Loose. Non-cohesive. Dry. Reaction to acid:
strong.

0.6 - 1.5

CLAYEY SANDY SILT (ML): Dark grayish brown [10YR4/2]; very fine to medium sand
50%, silt and clay 50%. Non-lithified. Firm. Moderately cohesive. Moist. Reaction to acid:
very strong.

1.5 - 4.0

(CLAYEY) SANDY SILT (ML/CL): Dark grayish brown [10YR4/2]; silt and clay 70%, very
fine to coarse sand 30%. Non-lithified. Slightly cohesive. Moist. Reaction to acid: very
strong. Includes pockets of increased clay content (moderately cohesive).

4.0 - 6.0

SILTY SAND (SM): Dark grayish brown [10YR4/2]; fine to very coarse sand 65%, silt
30%, gravel 5%. Gravel fraction: subangular granules to 0.25 inch. Non-lithified.
Non-cohesive. Moist. Reaction to acid: strong.

6.0 - 10.0

SILTY SAND (SM): Dark grayish brown [10YR4/2]; fine to very coarse sand 55%, silt
and clay 45%, trace gravel. Gravel fraction: subangular granules to 0.25 inch. Non-lithified.
Soft. Slightly to very slightly cohesive. Very moist. Reaction to acid: strong.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 2
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/04/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
SANDY SILT / SILTY FINE SAND
(ML/SM)
SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
50 / 50
30 / 70

COMMENTS
Non-lithified; loose; non-cohesive; dry
Non-lithified; firm; slightly cohesive; moist

1
SANDY SILT (ML)

45 / 55

Non-lithified; firm; non-cohesive; moist

SANDY SILT / SILTY FINE SAND
(ML/SM)

50 / 50

Non-lithified; firm; non-cohesive; moist

SILTY SAND (SM)

80 / 20

Non-lithified; loose; non-cohesive; moist

SILTY SAND (SM)

80 / 20

Non-lithified; soft; non-cohesive; very moist

SILTY SAND (SM)

70 / 30

Non-lithified; loose; non-cohesive; moist

2

3

4

5

6

7

8

9

10

11

TD: 11.0 feet

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 2
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/04/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.2

SANDY SILT / SILTY FINE SAND (ML/SM): very fine to medium sand 50%, silt 50%.
Non-lithified. Loose. Non-cohesive. Dry. Reaction to acid: strong.

0.2 - 1.4

SANDY SILT (ML): silt and clay 70%, very fine to medium sand 30%. Non-lithified. Firm.
Slightly cohesive. Moist. Reaction to acid: very strong.

1.4 - 3.0

SANDY SILT (ML): silt 55%, very fine to medium sand 45%. Non-lithified. Firm.
Non-cohesive. Moist. Reaction to acid: strong.

3.0 - 5.0

SANDY SILT / SILTY FINE SAND (ML/SM): very fine to medium sand 50%, silt 50%.
Non-lithified. Firm. Non-cohesive. Moist. Reaction to acid: none.

5.0 - 9.0

SILTY SAND (SM): very fine to coarse sand 80%, silt 20%. Non-lithified. Loose.
Non-cohesive. Moist. Reaction to acid: none.

9.0 - 10.5

SILTY SAND (SM): very fine to very coarse sand 80%, silt 20%. Non-lithified. Soft.
Non-cohesive. Very moist. Reaction to acid: none.

10.5 - 11.0

SILTY SAND (SM): very fine to coarse sand 70%, silt 30%. Non-lithified. Loose.
Non-cohesive. Moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 3
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/04/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

1

2

3

4

GENERAL DESCRIPTION
SANDY SILT / SILTY SAND
(ML/SM)
(CLAYEY) FINE SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
50 / 50
45 / 55

COMMENTS
Non-lithified; loose; non-cohesive; dry
Non-lithified; firm; slightly to moderately cohesive; moist

FINE SANDY SILT (ML)

40 / 60

Non-lithified; firm; slightly cohesive; moist

SANDY SILT / SILTY FINE SAND
(ML/SM)

50 / 50

Non-lithified; firm; non-cohesive; moist

SILTY SAND (SM)

55 / 45

Non-lithified; slightly cohesive; moist

WELL-GRADED SAND (SM-SW)

90 / 10

Non-lithified; loose; non-cohesive; moist

WELL-GRADED SAND (SW)

95 / 5

Non-lithified; loose; non-cohesive; moist

SILTY SAND (SM)

TR / 70 / 30

5

6

7
Non-lithified; non-cohesive; very moist

8

9

10
TD: 10.5 feet
11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 3
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/04/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.2

SANDY SILT / SILTY SAND (ML/SM): Very dark grayish brown [10YR3/2]; very fine to
coarse sand 50%, silt 50%. Non-lithified. Loose. Non-cohesive. Dry. Reaction to acid:
none.

0.2 - 1.0

(CLAYEY) FINE SANDY SILT (ML): Very dark grayish brown [10YR3/2]; silt and clay
55%, very fine to medium sand 45%. Non-lithified. Firm. Slightly to moderately cohesive.
Moist. Reaction to acid: weak.

1.0 - 1.8

FINE SANDY SILT (ML): Very dark grayish brown [10YR3/2]; silt and clay 60%, very fine
to medium sand 40%. Non-lithified. Firm. Slightly cohesive. Moist. Reaction to acid: weak.

1.8 - 3.0

SANDY SILT / SILTY FINE SAND (ML/SM): Very dark grayish brown [10YR3/2]; very
fine to medium sand 50%, silt 50%. Non-lithified. Firm. Non-cohesive. Moist. Reaction to
acid: none.

3.0 - 4.0

SILTY SAND (SM): Dark brown [10YR3/3]; fine to very coarse sand 55%, silt and clay
45%. Non-lithified. Slightly cohesive. Moist. Reaction to acid: none.

4.0 - 4.5

WELL-GRADED SAND (SM-SW): Dark yellowish brown [10YR3/4]; very fine to very
coarse sand 90%, silt 10%. Non-lithified. Loose. Non-cohesive. Moist. Reaction to acid:
none.

4.5 - 7.5

WELL-GRADED SAND (SW): Dark yellowish brown [10YR3/4]; very fine to very coarse
sand 95%, silt 5%. Non-lithified. Loose. Non-cohesive. Moist. Reaction to acid: none.

7.5 - 10.5

SILTY SAND (SM): Dark yellowish brown [10YR3/4]; very fine to very coarse sand 70%,
silt 30%, trace gravel. Non-lithified. Non-cohesive. Very moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 4
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/05/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GRAVEL /SAND
/FINES PERCENT*
35 / 65
35 / 65

COMMENTS
Non-lithified; loose; slightly to moderately cohesive; dry
Non-lithified; firm; slightly cohesive; moist

(CLAYEY) SANDY SILT (ML)

45 / 55

Non-lithified; firm; slightly to moderately cohesive; moist

SILTY SAND / SANDY SILT
(SM/ML)

50 / 50

Non-lithified; soft; slightly cohesive; very moist; includes pockets of
increased silt content

SILTY SAND (SM)

65 / 35

Non-lithified; soft; non-cohesive; very moist

GENERAL DESCRIPTION
(CLAYEY) SANDY SILT (ML)
SANDY SILT / SILTY SAND
(ML/SM)

1

2

3

4

5

6

7

8

9

10
TD: 10.5 feet
11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 4
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/05/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.3

(CLAYEY) SANDY SILT (ML): Very dark grayish brown [10YR3/2]; silt and clay 65%,
very fine to coarse sand 35%. Non-lithified. Loose. Slightly to moderately cohesive. Dry.
Reaction to acid: very strong.

0.3 - 2.5

SANDY SILT / SILTY SAND (ML/SM): Very dark grayish brown [10YR3/2]; silt and clay
65%, very fine to coarse sand 35%. Non-lithified. Firm. Slightly cohesive. Moist. Reaction
to acid: very strong.

2.5 - 4.8

(CLAYEY) SANDY SILT (ML): Dark grayish brown [10YR4/2]; silt and clay 55%, very
fine to medium sand 45%. Non-lithified. Firm. Slightly to moderately cohesive. Moist.
Reaction to acid: very strong.

4.8 - 7.5

SILTY SAND / SANDY SILT (SM/ML): Dark grayish brown [10YR4/2]; very fine to coarse
sand 50%, silt and clay 50%. Non-lithified. Soft. Slightly cohesive. Very moist. Reaction to
acid: weak. Includes pockets of increased silt content.

7.5 - 10.5

SILTY SAND (SM): Dark brown [10YR3/3]; very fine to coarse sand 65%, silt 35%.
Non-lithified. Soft. Non-cohesive. Very moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 5
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 12.0 feet

DATE EXCAVATED: 10/04/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

1

GENERAL DESCRIPTION
SILTY FINE SAND (SM)

GRAVEL /SAND
/FINES PERCENT*
60 / 40

COMMENTS
Non-lithified; loose; very slightly cohesive; dry

SILTY FINE SAND (SM)

55 / 45

Non-lithified; soft; very slightly cohesive; moist

SILT (ML)

10 / 90

Non-lithified; firm; slightly cohesive; moist

SANDY SILT (ML)

45 / 55

Non-lithified; soft; slightly cohesive; very moist

SANDY SILT / SILTY SAND
(ML/SM)

50 / 50

Non-lithified; soft; slightly cohesive; very moist

CLAYEY SANDY SILT (ML/CL)

30 / 70

Non-lithified; soft; moderately cohesive; very moist

2

3

4

5

6

7

8

9

10

11

12

TD: 12.0 feet

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 5
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 12.0 feet

DATE EXCAVATED: 10/04/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.6

SILTY FINE SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 60%, silt
40%. Non-lithified. Loose. Very slightly cohesive. Dry. Reaction to acid: strong.

0.6 - 3.0

SILTY FINE SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 55%, silt
45%. Non-lithified. Soft. Very slightly cohesive. Moist. Reaction to acid: very strong.

3.0 - 5.0

SILT (ML): Dark olive brown [2.5Y3/3]; silt and clay 90%, very fine to medium sand 10%.
Non-lithified. Firm. Slightly cohesive. Moist. Reaction to acid: strong.

5.0 - 6.0

SANDY SILT (ML): Dark olive brown [2.5Y3/3]; silt and clay 55%, very fine to medium
sand 45%. Non-lithified. Soft. Slightly cohesive. Very moist. Reaction to acid: none.

6.0 - 11.0

SANDY SILT / SILTY SAND (ML/SM): Dark olive brown [2.5Y3/3]; very fine to very
coarse sand 50%, silt and clay 50%. Non-lithified. Soft. Slightly cohesive. Very moist.
Reaction to acid: none.

11.0 - 12.0

CLAYEY SANDY SILT (ML/CL): Olive brown [2.5Y4/3]; silt and clay 70%, very fine to
medium sand 30%. Non-lithified. Soft. Moderately cohesive. Very moist. Reaction to acid:
none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 6
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/04/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
FINE SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
45 / 55

COMMENTS
Non-lithified; loose; very slightly cohesive; dry

CLAYEY SANDY SILT (ML/CL)

40 / 60

Non-lithified; firm; moderately cohesive; moist

SILTY FINE SAND (SM)

55 / 45

Non-lithified; soft; slightly cohesive; moist

(CLAYEY) SILTY SAND (SM)

55 / 45

Non-lithified; firm; slightly to moderately cohesive; moist

SILTY SAND (SM)

60 / 40

Non-lithified; soft; very slightly cohesive; moist

1

2

3

4

5

6

7

8

9

10

11

TD: 11.0 feet

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 6
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/04/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.5

FINE SANDY SILT (ML): Very dark grayish brown [2.5Y3/2]; silt 55%, very fine to
medium sand 45%. Non-lithified. Loose. Very slightly cohesive. Dry. Reaction to acid: very
strong.

0.5 - 2.5

CLAYEY SANDY SILT (ML/CL): Very dark grayish brown [2.5Y3/2]; silt and clay 60%,
very fine to medium sand 40%. Non-lithified. Firm. Moderately cohesive. Moist. Reaction to
acid: very strong.

2.5 - 5.0

SILTY FINE SAND (SM): Dark olive brown [2.5Y3/3]; very fine to medium sand 55%, silt
and clay 45%. Non-lithified. Soft. Slightly cohesive. Moist. Reaction to acid: none.

5.0 - 9.0

(CLAYEY) SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to medium sand
55%, silt and clay 45%. Non-lithified. Firm. Slightly to moderately cohesive. Moist.
Reaction to acid: none.

9.0 - 11.0

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 60%, silt 40%.
Non-lithified. Soft. Very slightly cohesive. Moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 7
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/05/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
(CLAYEY) SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
35 / 65

(CLAYEY) SANDY SILT (ML)

30 / 70

Non-lithified; firm; slightly to moderately cohesive; slightly moist

SANDY SILT (ML)

35 / 65

Non-lithified; firm; slightly cohesive; moist

SILTY FINE SAND (SM)

60 / 40

Non-lithified; soft; non-cohesive; moist

SILTY FINE SAND (SM)

70 / 30

Non-lithified; non-cohesive; moist

COMMENTS
Non-lithified; loose; slightly to moderately cohesive; dry

1

2

3

4

5

6

7

8

9

10
TD: 10.5 feet
11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 7
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/05/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.4

(CLAYEY) SANDY SILT (ML): Very dark grayish brown [2.5Y3/2]; silt and clay 65%, very
fine to coarse sand 35%. Non-lithified. Loose. Slightly to moderately cohesive. Dry.
Reaction to acid: very strong.

0.4 - 1.4

(CLAYEY) SANDY SILT (ML): Very dark grayish brown [2.5Y3/2]; silt and clay 70%, very
fine to medium sand 30%. Non-lithified. Firm. Slightly to moderately cohesive. Slightly
moist. Reaction to acid: very strong.

1.4 - 4.0

SANDY SILT (ML): Dark olive brown [2.5Y3/3]; silt and clay 65%, very fine to medium
sand 35%. Non-lithified. Firm. Slightly cohesive. Moist. Reaction to acid: very strong.

4.0 - 6.0

SILTY FINE SAND (SM): Dark olive brown [2.5Y3/3]; very fine to medium sand 60%, silt
40%. Non-lithified. Soft. Non-cohesive. Moist. Reaction to acid: none.

6.0 - 10.5

SILTY FINE SAND (SM): Dark olive brown [2.5Y3/3]; very fine to medium sand 70%, silt
30%. Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 8
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/04/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

1

GENERAL DESCRIPTION
SANDY SILT / SILTY SAND
(ML/SM)
SANDY SILT (ML)
SILTY SAND / SANDY SILT
(SM/ML)

GRAVEL /SAND
/FINES PERCENT*
50 / 50
40 / 60

COMMENTS
Non-lithified; very slightly cohesive; dry
Non-lithified; slightly cohesive; moist

50 / 50

Non-lithified; slightly cohesive; moist

SILTY SAND (SM)

75 / 25

Non-lithified; non-cohesive; moist

SILTY SAND (SM)

80 / 20

Non-lithified; non-cohesive; moist

SILTY SAND (SM)

60 / 40

Non-lithified; very slightly cohesive; moist; east end of trench has a layer of
clayey sandy silt from 6.5 to 7.5 feet

GRAVELLY COARSE SAND (SP)

20 / 75 / 5

2

3

4

5

6

7

8

9
Non-lithified; non-cohesive; moist

10

11

TD: 11.0 feet

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 8
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/04/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.3

SANDY SILT / SILTY SAND (ML/SM): Very dark grayish brown [10YR3/2]; very fine to
medium sand 50%, silt 50%. Non-lithified. Very slightly cohesive. Dry. Reaction to acid:
very strong.

0.3 - 0.8

SANDY SILT (ML): Very dark grayish brown [10YR3/2]; silt and clay 60%, very fine to
coarse sand 40%. Non-lithified. Slightly cohesive. Moist. Reaction to acid: very strong.

0.8 - 2.8

SILTY SAND / SANDY SILT (SM/ML): Very dark grayish brown [10YR3/2]; very fine to
very coarse sand 50%, silt and clay 50%. Non-lithified. Slightly cohesive. Moist. Reaction
to acid: very strong.

2.8 - 5.0

SILTY SAND (SM): Olive brown [2.5Y4/3]; very fine to very coarse sand 75%, silt 25%.
Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

5.0 - 6.5

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to very coarse sand 80%, silt
20%. Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

6.5 - 9.5

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to very coarse sand 60%, silt
40%. Non-lithified. Very slightly cohesive. Moist. Reaction to acid: none. East end of
trench has a layer of clayey sandy silt from 6.5 to 7.5 feet.

9.5 - 11.0

GRAVELLY COARSE SAND (SP): Very dark grayish brown [2.5Y3/2]; medium to very
coarse sand 75%, gravel 20%, silt 5%. Gravel fraction: subangular to subrounded to 0.25
inch. Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 1
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/06/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

1

GENERAL DESCRIPTION
FINE SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 35 / 65

FINE SANDY SILT (ML)

0 / 30 / 70

Non-lithified; firm; slightly cohesive; moist

SILTY SAND (SM)

0 / 55 / 45

Non-lithified; soft; slightly cohesive; moist to very moist

SILTY FIND SAND (SM)

0 / 65 / 35

Non-lithified; soft; non-cohesive; moist to very moist

(CLAYEY) SANDY SILT (ML)

0 / 30 / 70

Non-lithified; firm to hard; slightly to moderately cohesive; moist to very
moist

COMMENTS
Non-lithified; loose; non to slightly cohesive; dry

2

3

4

5

6

7

8

9

10

11

TD: 11.0 feet

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 1
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/06/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.6

FINE SANDY SILT (ML): Very dark grayish brown [2.5Y3/2]; silt and clay 65%, very fine
to medium sand 35%. Non-lithified. Loose. Non to slightly cohesive. Dry. Reaction to acid:
none.

0.6 - 2.4

FINE SANDY SILT (ML): Very dark grayish brown [2.5Y3/2]; silt and clay 70%, very fine
to medium sand 30%. Non-lithified. Firm. Slightly cohesive. Moist. Reaction to acid: none.

2.4 - 4.2

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to very coarse sand 55%, silt
and clay 45%. Non-lithified. Soft. Slightly cohesive. Moist to very moist. Reaction to acid:
none.

4.2 - 8.0

SILTY FIND SAND (SM): Dark olive brown [2.5Y3/3]; very fine to medium sand 65%, silt
35%. Non-lithified. Soft. Non-cohesive. Moist to very moist. Reaction to acid: none.

8.0 - 11.0

(CLAYEY) SANDY SILT (ML): Dark olive brown [2.5Y3/3]; silt and clay 70%, medium
sand 30%. Non-lithified. Firm to hard. Slightly to moderately cohesive. Moist to very moist.
Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 2
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/05/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
(CLAYEY) SANDY SILT (ML)
SILTY FINE SAND / SANDY SILT
(SM/ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 40 / 60
0 / 50 / 50

COMMENTS
Non-lithified; loose; slightly to moderately cohesive; dry
Non-lithified; firm; very slightly cohesive; moist

1

2

SANDY SILT (ML)

0 / 45 / 55

Non-lithified; firm; slightly cohesive; moist

FINE SANDY SILT (ML)

0 / 35 / 65

Non-lithified; soft; very slightly cohesive; moist to very moist

FINE SAND (SM-SP)

5 / 85 / 10

Non-lithified; loose; non-cohesive; moist

3

4

5

6

7

8

9

10
TD: 10.5 feet
11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 2
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/05/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.3

(CLAYEY) SANDY SILT (ML): Very dark grayish brown [2.5Y3/2]; silt and clay 60%, very
fine to coarse sand 40%. Non-lithified. Loose. Slightly to moderately cohesive. Dry.
Reaction to acid: none.

0.3 - 2.0

SILTY FINE SAND / SANDY SILT (SM/ML): Very dark grayish brown [2.5Y3/2]; very fine
to medium sand 50%, silt 50%. Non-lithified. Firm. Very slightly cohesive. Moist. Reaction
to acid: none.

2.0 - 4.0

SANDY SILT (ML): Dark olive brown [2.5Y3/3]; silt and clay 55%, very fine to medium
sand 45%. Non-lithified. Firm. Slightly cohesive. Moist. Reaction to acid: none.

4.0 - 8.0

FINE SANDY SILT (ML): Olive brown [2.5Y4/3]; silt 65%, very fine to medium sand 35%.
Non-lithified. Soft. Very slightly cohesive. Moist to very moist. Reaction to acid: none.

8.0 - 10.5

FINE SAND (SM-SP): Dark grayish brown [2.5Y4/2]; very fine to medium sand 85%, silt
10%, gravel 5%. Gravel fraction: subrounded granules to 0.25 inch. Non-lithified. Loose.
Non-cohesive. Moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 3
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/05/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
SANDY SILT (ML)
CLAYEY SANDY SILT (ML/CL)

GRAVEL /SAND
/FINES PERCENT*
0 / 20 / 80
0 / 25 / 75

CLAYEY SILT (ML/CL)

0 / 10 / 90

Non-lithified; firm; moderately cohesive; moist

(CLAYEY) SANDY SILT (ML)

0 / 30 / 70

Non-lithified; slightly to moderately cohesive; moist

FINE SANDY SILT (ML)

0 / 30 / 70

Non-lithified; firm; slightly cohesive; moist

COMMENTS
Non-lithified; loose; slightly cohesive; dry
Non-lithified; firm; moderately cohesive; slightly moist

1

2

3

4

5

6

7

8

9

10

11

TD: 11.0 feet

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 3
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/05/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.3

SANDY SILT (ML): Olive brown [2.5Y4/3]; silt and clay 80%, very fine to medium sand
20%. Non-lithified. Loose. Slightly cohesive. Dry. Reaction to acid: very strong.

0.3 - 2.5

CLAYEY SANDY SILT (ML/CL): Olive brown [2.5Y4/3]; silt and clay 75%, very fine to
medium sand 25%. Non-lithified. Firm. Moderately cohesive. Slightly moist. Reaction to
acid: very strong.

2.5 - 4.5

CLAYEY SILT (ML/CL): Olive brown [2.5Y4/3]; silt and clay 90%, very fine to medium
sand 10%. Non-lithified. Firm. Moderately cohesive. Moist. Reaction to acid: none.

4.5 - 8.0

(CLAYEY) SANDY SILT (ML): Olive brown [2.5Y4/4]; silt and clay 70%, very fine to
medium sand 30%. Non-lithified. Slightly to moderately cohesive. Moist. Reaction to acid:
none.

8.0 - 11.0

FINE SANDY SILT (ML): Olive brown [2.5Y4/4]; silt and clay 70%, very fine to medium
sand 30%. Non-lithified. Firm. Slightly cohesive. Moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 4
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/06/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
SILTY FINE SAND / SANDY SILT
(SM/ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 50 / 50

COMMENTS
Non-lithified; very slightly cohesive; dry

1

2

SILTY FINE SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; firm to hard; slightly cohesive; slightly moist

SILTY FINE SAND (SM)

0 / 80 / 20

Non-lithified; soft to loose; non-cohesive; slightly moist

3

4

5

6

7

8

9

10

TD: 10.0 feet

11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 4
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/06/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 1.6

SILTY FINE SAND / SANDY SILT (SM/ML): Dark olive brown [2.5Y3/3]; very fine to
medium sand 50%, silt 50%. Non-lithified. Very slightly cohesive. Dry. Reaction to acid:
none. Includes carbonate concretions (very strong reaction to acid).

1.6 - 3.5

SILTY FINE SAND / SANDY SILT (SM/ML): Dark olive brown [2.5Y3/3]; very fine to
coarse sand 50%, silt and clay 50%. Non-lithified. Firm to hard. Slightly cohesive. Slightly
moist. Reaction to acid: none.

3.5 - 10.0

SILTY FINE SAND (SM): Dark olive brown [2.5Y3/3]; very fine to medium sand 80%, silt
20%. Non-lithified. Soft to loose. Non-cohesive. Slightly moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 5
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/06/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

1

GENERAL DESCRIPTION
(CLAYEY) SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 40 / 60

COMMENTS
Non-lithified; loose to crumbly; slightly to moderately cohesive; dry

SILTY SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; firm; very slightly cohesive; moist

(CLAYEY) SANDY SILT (ML)

0 / 40 / 60

Non-lithified; firm; slightly to moderately cohesive; moist to very moist

SANDY SILT (ML)

0 / 40 / 60

Non-lithified; soft; very slightly cohesive; moist to very moist

SILTY SAND (SM)

0 / 55 / 45

Non-lithified; soft to loose; non-cohesive; moist to very moist

2

3

4

5

6

7

8

9

10
TD: 10.5 feet
11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 5
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/06/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 1.0

(CLAYEY) SANDY SILT (ML): Dark olive brown [2.5Y3/3]; silt and clay 60%, very fine to
medium sand 40%. Non-lithified. Loose to crumbly. Slightly to moderately cohesive. Dry.
Reaction to acid: very strong.

1.0 - 2.8

SILTY SAND / SANDY SILT (SM/ML): Dark olive brown [2.5Y3/3]; very fine to coarse
sand 50%, silt 50%. Non-lithified. Firm. Very slightly cohesive. Moist. Reaction to acid:
weak.

2.8 - 5.0

(CLAYEY) SANDY SILT (ML): Olive brown [2.5Y4/3]; silt and clay 60%, very fine to
medium sand 40%. Non-lithified. Firm. Slightly to moderately cohesive. Moist to very moist.
Reaction to acid: none.

5.0 - 8.0

SANDY SILT (ML): Olive brown [2.5Y4/3]; silt 60%, very fine to coarse sand 40%.
Non-lithified. Soft. Very slightly cohesive. Moist to very moist. Reaction to acid: none.

8.0 - 10.5

SILTY SAND (SM): Olive brown [2.5Y4/4]; very fine to very coarse sand 55%, silt 45%.
Non-lithified. Soft to loose. Non-cohesive. Moist to very moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 6
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/06/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
SILTY SAND / SANDY SILT
(SM/ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 50 / 50

COMMENTS
Non-lithified; loose to firm; slightly cohesive; slightly moist; includes thin
streaks of higher silt and clay content

1
(CLAYEY) SANDY SILT (ML)

0 / 35 / 65

Non-lithified; firm; slightly to moderately cohesive; moist; includes thin
streaks of higher sand content and thin streaks of higher silt and clay
content

FINE SANDY SILT (ML)

0 / 40 / 60

Non-lithified; firm; slightly cohesive; moist

SILTY FINE SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; soft to loose; very slightly cohesive; moist to very moist

2

3

4

5

6

7

8

9

10

TD: 10.0 feet

11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 6
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/06/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 1.5

SILTY SAND / SANDY SILT (SM/ML): Dark olive brown [2.5Y3/3]; fine to very coarse
sand 50%, silt and clay 50%. Non-lithified. Loose to firm. Slightly cohesive. Slightly moist.
Reaction to acid: very strong. Includes thin streaks of higher silt and clay content.

1.5 - 4.0

(CLAYEY) SANDY SILT (ML): Olive brown [2.5Y4/3]; silt and clay 65%, very fine to
medium sand 35%. Non-lithified. Firm. Slightly to moderately cohesive. Moist. Reaction to
acid: very strong. Includes thin streaks of higher sand content and thin streaks of higher silt
and clay content.

4.0 - 6.0

FINE SANDY SILT (ML): Olive brown [2.5Y4/3]; silt and clay 60%, very fine to medium
sand 40%. Non-lithified. Firm. Slightly cohesive. Moist. Reaction to acid: weak. Includes
orange mottles.

6.0 - 10.0

SILTY FINE SAND / SANDY SILT (SM/ML): Olive brown [2.5Y4/3]; very fine to medium
sand 50%, silt 50%. Non-lithified. Soft to loose. Very slightly cohesive. Moist to very moist.
Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 7
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/06/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 30 / 70

COMMENTS
Non-lithified; loose; slightly cohesive; dry

(SANDY) CLAYEY SILT (ML/CL)

0 / 15 / 85

Non-lithified; firm; moderately cohesive; moist

SILTY SAND (SM)

0 / 55 / 45

Non-lithified; firm; very slightly cohesive; moist

SILTY SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; firm; very slightly cohesive; moist to very moist

SILTY SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; soft; very slightly cohesive; moist to very moist

(SILTY) FINE SAND (SM)

0 / 85 / 15

Non-lithified; soft to loose; non-cohesive; moist to very moist

1

2

3

4

5

6

7

8

9

10

TD: 10.0 feet

11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 7
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/06/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.4

SANDY SILT (ML): Very dark grayish brown [10YR3/2]; silt and clay 70%, very fine to
coarse sand 30%. Non-lithified. Loose. Slightly cohesive. Dry. Reaction to acid: none.

0.4 - 2.3

(SANDY) CLAYEY SILT (ML/CL): Very dark grayish brown [10YR3/2]; silt and clay 85%,
very fine to medium sand 15%. Non-lithified. Firm. Moderately cohesive. Moist. Reaction to
acid: none.

2.3 - 2.8

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to very coarse sand 55%, silt
45%. Non-lithified. Firm. Very slightly cohesive. Moist. Reaction to acid: none. Includes
orange mottles.

2.8 - 4.4

SILTY SAND / SANDY SILT (SM/ML): Very dark grayish brown [10YR3/2]; fine to very
coarse sand 50%, silt 50%. Non-lithified. Firm. Very slightly cohesive. Moist to very moist.
Reaction to acid: none. Includes reddish-brown mottles.

4.4 - 6.0

SILTY SAND / SANDY SILT (SM/ML): Very dark grayish brown [10YR3/2]; fine to very
coarse sand 50%, silt 50%. Non-lithified. Soft. Very slightly cohesive. Moist to very moist.
Reaction to acid: none.

6.0 - 10.0

(SILTY) FINE SAND (SM): Dark grayish brown [10Y4/2]; very fine to coarse sand 85%,
silt 15%. Non-lithified. Soft to loose. Non-cohesive. Moist to very moist. Reaction to acid:
none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 8
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/06/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
SANDY SILT / SILTY SAND
(ML/SM)
FINE SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 50 / 50
0 / 45 / 55

COMMENTS
Non-lithified; loose; slightly cohesive; dry
Non-lithified; firm; slightly cohesive; slightly moist

1

2

FINE SANDY SILT (ML)

0 / 45 / 55

Non-lithified; firm; slightly cohesive; moist

FINE SANDY SILT (ML)

0 / 45 / 55

Non-lithified; firm; very slightly cohesive; moist

SANDY SILT (ML)

0 / 30 / 70

Non-lithified; soft; slightly cohesive; moist to very moist

(CLAYEY) SANDY SILT (ML)

0 / 25 / 75

Non-lithified; firm to hard; slightly to moderately cohesive; moist to very
moist

SANDY SILT (ML)

0 / 45 / 55

Non-lithified; soft to loose; very slightly cohesive; moist to very moist

3

4

5

6

7

8

9

10

TD: 10.0 feet

11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 8
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/06/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.3

SANDY SILT / SILTY SAND (ML/SM): Very dark grayish brown [2.5Y3/2]; very fine to
coarse sand 50%, silt and clay 50%. Non-lithified. Loose. Slightly cohesive. Dry. Reaction
to acid: none.

0.3 - 1.8

FINE SANDY SILT (ML): Very dark grayish brown [2.5Y3/2]; silt and clay 55%, very fine
to medium sand 45%. Non-lithified. Firm. Slightly cohesive. Slightly moist. Reaction to
acid: none.

1.8 - 3.2

FINE SANDY SILT (ML): Very dark grayish brown [2.5Y3/2]; silt and clay 55%, very fine
to medium sand 45%. Non-lithified. Firm. Slightly cohesive. Moist. Reaction to acid: weak.

3.2 - 5.0

FINE SANDY SILT (ML): Very dark grayish brown [2.5Y3/2]; silt 55%, very fine to
medium sand 45%. Non-lithified. Firm. Very slightly cohesive. Moist. Reaction to acid:
weak.

5.0 - 6.5

SANDY SILT (ML): Olive brown [2.5Y4/3]; silt and clay 70%, very fine to medium sand
30%. Non-lithified. Soft. Slightly cohesive. Moist to very moist. Reaction to acid: very
strong.

6.5 - 8.5

(CLAYEY) SANDY SILT (ML): Olive brown [2.5Y4/3]; silt and clay 75%, very fine to
coarse sand 25%. Non-lithified. Firm to hard. Slightly to moderately cohesive. Moist to very
moist. Reaction to acid: none.

8.5 - 10.0

SANDY SILT (ML): Olive brown [2.5Y4/3]; silt 55%, very fine to coarse sand 45%.
Non-lithified. Soft to loose. Very slightly cohesive. Moist to very moist. Reaction to acid:
none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 9
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/06/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

1

GENERAL DESCRIPTION
SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 40 / 60

SANDY SILT (ML)

0 / 45 / 55

Non-lithified; firm; very slightly cohesive; slightly moist

SILTY SAND (SM)

0 / 70 / 30

Non-lithified; soft; non-cohesive; moist

(SANDY) SILT (ML)

0 / 15 / 85

Non-lithified; soft; slightly cohesive; moist to very moist

SAND (SM-SW)

0 / 90 / 10

Non-lithified; soft to loose; non-cohesive; moist to very moist

COMMENTS
Non-lithified; loose to friable; slightly cohesive; slightly moist

2

3

4

5

6

7

8

9

10

TD: 10.0 feet

11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 9
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/06/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 1.0

SANDY SILT (ML): Very dark grayish brown [10YR3/2]; silt and clay 60%, very fine to
very coarse sand 40%. Non-lithified. Loose to friable. Slightly cohesive. Slightly moist.
Reaction to acid: weak.

1.0 - 2.3

SANDY SILT (ML): Dark olive brown [2.5Y3/3]; silt 55%, very fine to coarse sand 45%.
Non-lithified. Firm. Very slightly cohesive. Slightly moist. Reaction to acid: none.

2.3 - 4.0

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 70%, silt 30%.
Non-lithified. Soft. Non-cohesive. Moist. Reaction to acid: none.

4.0 - 6.0

(SANDY) SILT (ML): Olive brown [2.5Y4/3]; silt and clay 85%, very fine to medium sand
15%. Non-lithified. Soft. Slightly cohesive. Moist to very moist. Reaction to acid: none.
Includes orange mottles.

6.0 - 10.0

SAND (SM-SW): Light olive brown [2.5Y5/3]; very fine to coarse sand 90%, silt 10%.
Non-lithified. Soft to loose. Non-cohesive. Moist to very moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 10
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 5.0 feet

DATE EXCAVATED: 10/07/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
(SILTY) SAND (SM)

GRAVEL /SAND
/FINES PERCENT*
0 / 85 / 15

WELL GRADED SAND (SW)

0 / 95 / 5

COMMENTS
Non-lithified; non-cohesive; moist

1

2

3

Non-lithified; non-cohesive; moist

4

5

TD: 5.0 feet

6

7

8

9

10

11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 10
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 5.0 feet

DATE EXCAVATED: 10/07/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 3.0

(SILTY) SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 85%, silt 15%.
Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

3.0 - 5.0

WELL GRADED SAND (SW): Dark grayish brown [2.5Y4/2]; very fine to very coarse
sand 95%, silt 5%. Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 11
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.2 feet

DATE EXCAVATED: 10/06/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

1

GENERAL DESCRIPTION
(CLAYEY) SILTY SAND / SANDY
SILT (SM/ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 50 / 50

COMMENTS
Non-lithified; crumbly to loose; slightly to moderately cohesive; dry to moist

SANDY SILT (ML)

0 / 40 / 60

Non-lithified; firm; slightly cohesive; moist

SANDY SILT AND CLAY (CH)

0 / 35 / 65

Non-lithified; soft to firm; moderately to very cohesive; very moist

SANDY SILT (ML)

0 / 40 / 60

Non-lithified; firm to hard; slightly cohesive; moist to very moist

SANDY SILT (ML)

0 / 25 / 75

Non-lithified; soft to firm; slightly cohesive; moist to very moist

2

3

4

5

6

7

8

9

10

POORLY-GRADED SAND (SP)
TD: 10.2 feet

11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 11
BASIN NO. 3 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.2 feet

DATE EXCAVATED: 10/06/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 1.0

(CLAYEY) SILTY SAND / SANDY SILT (SM/ML): Dark grayish brown [2.5Y4/2]; very fine
to coarse sand 50%, silt and clay 50%. Non-lithified. Crumbly to loose. Slightly to
moderately cohesive. Dry to moist. Reaction to acid: weak.

1.0 - 4.0

SANDY SILT (ML): Very dark grayish brown [10YR3/2]; silt and clay 60%, very fine to
medium sand 40%. Non-lithified. Firm. Slightly cohesive. Moist. Reaction to acid: weak.

4.0 - 5.2

SANDY SILT AND CLAY (CH): Very dark grayish brown [10YR3/2]; silt and clay 65%,
very fine to fine sand 35%. Non-lithified. Soft to firm. Moderately to very cohesive. Very
moist. Reaction to acid: none.

5.2 - 7.0

SANDY SILT (ML): Dark grayish brown [2.5Y4/2]; silt and clay 60%, very fine to coarse
sand 40%. Non-lithified. Firm to hard. Slightly cohesive. Moist to very moist. Reaction to
acid: none.

7.0 - 10.0

SANDY SILT (ML): Dark grayish brown [2.5Y4/2]; silt and clay 75%, very fine to medium
sand 25%. Non-lithified. Soft to firm. Slightly cohesive. Moist to very moist. Reaction to
acid: none.

10.0 - 10.2

POORLY-GRADED SAND (SP).

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 2
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/12/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

1

2

3

GENERAL DESCRIPTION
SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 40 / 60

COMMENTS
Non-lithified; loose to firm; slightly cohesive; dry to moist

(CLAYEY) SANDY SILT (ML)

0 / 40 / 60

Non-lithified; firm; slightly to moderately cohesive; moist

SILTY SAND (SM)

0 / 60 / 40

Non-lithified; firm; very slightly cohesive; moist

(CLAYEY) SANDY SILT (ML)

0 / 30 / 70

Non-lithified; firm; slightly to moderately cohesive; moist

SILTY SAND (SM)

0 / 80 / 20

Non-lithified; firm to soft; non-cohesive; moist

CLAYEY SANDY SILT (ML/CL)

0 / 25 / 75

Non-lithified; firm; moderately cohesive; moist to very moist

SILTY SAND (SM)

0 / 75 / 25

Non-lithified; soft; non-cohesive; moist to very moist

(GRAVELLY) SILTY SAND (SM)

10 / 70 / 20

Non-lithified; soft to loose; non-cohesive; moist to very moist

4

5

6

7

8

9

10

TD: 10.0 feet

11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 2
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/12/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.7

SANDY SILT (ML): Olive brown [2.5Y4/3]; silt and clay 60%, fine to very coarse sand
40%. Non-lithified. Loose to firm. Slightly cohesive. Dry to moist. Reaction to acid: none.

0.7 - 2.0

(CLAYEY) SANDY SILT (ML): Olive brown [2.5Y4/3]; silt and clay 60%, fine to very
coarse sand 40%. Non-lithified. Firm. Slightly to moderately cohesive. Moist. Reaction to
acid: none.

2.0 - 3.0

SILTY SAND (SM): Olive brown [2.5Y4/4]; fine to coarse sand 60%, silt 40%.
Non-lithified. Firm. Very slightly cohesive. Moist. Reaction to acid: none. Includes orange
mottles.

3.0 - 3.5

(CLAYEY) SANDY SILT (ML): Olive brown [2.5Y4/4]; silt and clay 70%, very fine to
medium sand 30%. Non-lithified. Firm. Slightly to moderately cohesive. Moist. Reaction to
acid: very weak. Includes orange mottles.

3.5 - 4.2

SILTY SAND (SM): Dark yellowish brown [10YR3/4]; very fine to coarse sand 80%, silt
20%. Non-lithified. Firm to soft. Non-cohesive. Moist. Reaction to acid: none. Includes
orange mottles.

4.2 - 4.8

CLAYEY SANDY SILT (ML/CL): Brown [10YR4/3]; silt and clay 75%, very fine to coarse
sand 25%. Non-lithified. Firm. Moderately cohesive. Moist to very moist. Reaction to acid:
none. Includes orange mottles.

4.8 - 7.5

SILTY SAND (SM): Olive brown [2.5Y4/3]; very fine to coarse sand 75%, silt 25%.
Non-lithified. Soft. Non-cohesive. Moist to very moist. Reaction to acid: none.

7.5 - 10.0

(GRAVELLY) SILTY SAND (SM): Olive brown [2.5Y4/3]; fine to very coarse sand 70%,
silt 20%, gravel 10%. Gravel fraction: subangular to 0.25 inch. Non-lithified. Soft to loose.
Non-cohesive. Moist to very moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 3
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/13/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
SILTY FINE SAND (SM)

GRAVEL /SAND
/FINES PERCENT*
0 / 75 / 25

SILTY FINE SAND (SM)

0 / 80 / 20

Non-lithified; soft; non-cohesive; moist

(CLAYEY) SANDY SILT (ML)

0 / 35 / 65

Non-lithified; firm to hard; slightly to moderately cohesive; moist

SILTY SAND (SM)

0 / 55 / 45

Non-lithified; soft; very slightly cohesive; moist to very moist

COMMENTS
Non-lithified; loose to soft; non-cohesive; moist

1

2

3

4

5

6

7

8

9

10

TD: 10.0 feet

11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 3
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/13/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 3.0

SILTY FINE SAND (SM): Dark olive brown [2.5Y3/3]; very fine to medium sand 75%, silt
25%. Non-lithified. Loose to soft. Non-cohesive. Moist. Reaction to acid: none.

3.0 - 5.5

SILTY FINE SAND (SM): Olive brown [2.5Y4/3]; very fine to medium sand 80%, silt
20%. Non-lithified. Soft. Non-cohesive. Moist. Reaction to acid: none.

5.5 - 7.5

(CLAYEY) SANDY SILT (ML): Olive brown [2.5Y4/4]; silt and clay 65%, very fine to
medium sand 35%. Non-lithified. Firm to hard. Slightly to moderately cohesive. Moist.
Reaction to acid: none. Includes orange mottles.

7.5 - 10.0

SILTY SAND (SM): Olive brown [2.5Y4/4]; very fine to coarse sand 55%, silt 45%.
Non-lithified. Soft. Very slightly cohesive. Moist to very moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 4
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/10/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

1

2

GENERAL DESCRIPTION
CLAYEY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 10 / 90

SILTY SAND (SM)

0 / 60 / 40

Non-lithified; firm; non-cohesive; moist

SILTY FINE SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; firm; very slightly cohesive; moist to very moist

SILTY SAND (SM)

0 / 75 / 25

Non-lithified; firm to soft; non-cohesive; moist to very moist

SILTY SAND (SM)

0 / 80 / 20

Non-lithified; soft to loose; non-cohesive; moist to very moist

COMMENTS
Non-lithified; loose to friable; moderately cohesive; dry to moist

3

4

5

6

7

8

9

10
TD: 10.5 feet
11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 4
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/10/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.8

CLAYEY SILT (ML): Dark olive brown [2.5Y3/3]; silt and clay 90%, very fine to medium
sand 10%. Non-lithified. Loose to friable. Moderately cohesive. Dry to moist. Reaction to
acid: none.

0.8 - 2.0

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 60%, silt 40%.
Non-lithified. Firm. Non-cohesive. Moist. Reaction to acid: none. Includes orange mottles.

2.0 - 3.5

SILTY FINE SAND / SANDY SILT (SM/ML): Dark olive brown [2.5Y3/3]; very fine to
medium sand 50%, silt 50%. Non-lithified. Firm. Very slightly cohesive. Moist to very moist.
Reaction to acid: none. Includes orange mottles.

3.5 - 8.5

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 75%, silt 25%.
Non-lithified. Firm to soft. Non-cohesive. Moist to very moist. Reaction to acid: none.

8.5 - 10.5

SILTY SAND (SM): Olive brown [2.5Y4/3]; very fine to medium sand 80%, silt 20%.
Non-lithified. Soft to loose. Non-cohesive. Moist to very moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 5
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/10/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

1

GENERAL DESCRIPTION
SILTY FINE SAND (SM)

GRAVEL /SAND
/FINES PERCENT*
0 / 65 / 35

SILTY SAND (SM)

0 / 80 / 20

Non-lithified; soft; non-cohesive; moist

CLAYEY SANDY SILT (ML/CL)

0 / 30 / 70

Non-lithified; firm to hard; moderately cohesive; moist to very moist

SILTY SAND (SM)

0 / 75 / 25

Non-lithified; firm; very slightly cohesive; moist to very moist

SILTY SAND (SM)

0 / 80 / 20

Non-lithified; soft to firm; non-cohesive; moist to very moist

SILTY SAND (SM)

0 / 80 / 20

Non-lithified; soft to loose; non-cohesive; moist to very moist

COMMENTS
Non-lithified; loose to friable; slightly cohesive; dry to moist

2

3

4

5

6

7

8

9

10

TD: 10.0 feet

11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 5
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/10/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.6

SILTY FINE SAND (SM): Olive brown [2.5Y4/3]; very fine to medium sand 65%, silt and
clay 35%. Non-lithified. Loose to friable. Slightly cohesive. Dry to moist. Reaction to acid:
strong.

0.6 - 1.4

SILTY SAND (SM): Olive brown [2.5Y4/3]; very fine to coarse sand 80%, silt 20%.
Non-lithified. Soft. Non-cohesive. Moist. Reaction to acid: moderate to strong.

1.4 - 3.0

CLAYEY SANDY SILT (ML/CL): Olive brown [2.5Y4/3]; silt and clay 70%, very fine to
coarse sand 30%. Non-lithified. Firm to hard. Moderately cohesive. Moist to very moist.
Reaction to acid: none. Includes orange and gray mottles.

3.0 - 4.2

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to very coarse sand 75%, silt
25%. Non-lithified. Firm. Very slightly cohesive. Moist to very moist. Reaction to acid:
none. Includes orange and gray mottles.

4.2 - 5.5

SILTY SAND (SM): Olive brown [2.5Y4/4]; very fine to coarse sand 80%, silt 20%.
Non-lithified. Soft to firm. Non-cohesive. Moist to very moist. Reaction to acid: none.

5.5 - 10.0

SILTY SAND (SM): Dark grayish brown [2.5Y4/2]; very fine to very coarse sand 80%, silt
20%. Non-lithified. Soft to loose. Non-cohesive. Moist to very moist. Reaction to acid:
none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 6
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/10/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
SILTY FINE SAND / SANDY SILT
(SM/ML)
SILTY SAND (SM)

GRAVEL /SAND
/FINES PERCENT*
0 / 50 / 50
0 / 65 / 35

COMMENTS
Non-lithified; loose; slightly cohesive; dry
Non-lithified; firm to friable; very slightly cohesive; moist

1

2

SILTY SAND (SM)

0 / 75 / 25

Non-lithified; moderately firm; non-cohesive; moist

(SILTY) FINE SAND (SP-SM)

0 / 85 / 15

Non-lithified; soft; non-cohesive; moist to very moist

FINE SAND (SP-SM)

0 / 90 / 10

Non-lithified; soft to loose; non-cohesive; moist to very moist

3

4

5

6

7

8

9

10
TD: 10.5 feet
11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 6
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/10/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.2

SILTY FINE SAND / SANDY SILT (SM/ML): Olive brown [2.5Y4/3]; very fine to medium
sand 50%, silt and clay 50%. Non-lithified. Loose. Slightly cohesive. Dry. Reaction to acid:
very strong.

0.2 - 1.6

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 65%, silt 35%.
Non-lithified. Firm to friable. Very slightly cohesive. Moist. Reaction to acid: none.

1.6 - 3.8

SILTY SAND (SM): Olive brown [2.5Y4/3]; very fine to very coarse sand 75%, silt 25%.
Non-lithified. Moderately firm. Non-cohesive. Moist. Reaction to acid: none.

3.8 - 5.0

(SILTY) FINE SAND (SP-SM): Dark olive brown [2.5Y3/3]; very fine to medium sand
85%, silt 15%. Non-lithified. Soft. Non-cohesive. Moist to very moist. Reaction to acid:
none.

5.0 - 10.5

FINE SAND (SP-SM): Dark grayish brown [2.5Y4/2]; very fine to medium sand 90%, silt
10%. Non-lithified. Soft to loose. Non-cohesive. Moist to very moist. Reaction to acid:
none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 7
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/12/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
SILTY SAND (SM)
SILTY FINE SAND (SM)

GRAVEL /SAND
/FINES PERCENT*
0 / 60 / 40
0 / 75 / 25

SILTY SAND (SM)

0 / 60 / 40

Non-lithified; firm; non-cohesive; moist

(SILTY) SAND (SM)

0 / 85 / 15

Non-lithified; firm to soft; non-cohesive; moist

SILTY SAND (SM)

0 / 80 / 20

Non-lithified; soft to loose; non-cohesive; moist

COMMENTS
Non-lithified; loose; very slightly cohesive; dry
Non-lithified; friable; non-cohesive; moist

1

2

3

4

5

6

7

8

9

10

TD: 10.0 feet

11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 7
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/12/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.3

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 60%, silt 40%.
Non-lithified. Loose. Very slightly cohesive. Dry. Reaction to acid: weak.

0.3 - 1.2

SILTY FINE SAND (SM): Dark olive brown [2.5Y3/3]; very fine to medium sand 75%, silt
25%. Non-lithified. Friable. Non-cohesive. Moist. Reaction to acid: none.

1.2 - 3.5

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 60%, silt 40%.
Non-lithified. Firm. Non-cohesive. Moist. Reaction to acid: none.

3.5 - 5.5

(SILTY) SAND (SM): Olive brown [2.5Y4/3]; very fine to coarse sand 85%, silt 15%.
Non-lithified. Firm to soft. Non-cohesive. Moist. Reaction to acid: none.

5.5 - 10.0

SILTY SAND (SM): Light olive brown [2.5Y5/3]; very fine to coarse sand 80%, silt 20%.
Non-lithified. Soft to loose. Non-cohesive. Moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 8
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/12/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

1

GENERAL DESCRIPTION
(CLAYEY) SILTY SAND / SANDY
SILT (SM/ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 50 / 50

COMMENTS
Non-lithified; loose to friable; slightly to moderately cohesive; dry

SANDY SILT (ML)

0 / 45 / 55

Non-lithified; hard; very slightly cohesive; dry to moist

SILTY SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; hard; slightly cohesive; dry to moist

SILTY SAND (SM)

0 / 55 / 45

Non-lithified; firm; slightly cohesive; moist

GRAVELLY SILTY SAND (SM)

20 / 45 / 35

Non-lithified; firm; very slightly cohesive; moist

SILTY SAND (SM)

0 / 70 / 30

Non-lithified; firm to soft; non-cohesive; moist to very moist

SILTY SAND (SM)

5 / 75 / 20

Non-lithified; soft to loose; non-cohesive; moist to very moist

2

3

4

5

6

7

8

9

10

11

TD: 11.0 feet

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 8
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/12/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 1.0

(CLAYEY) SILTY SAND / SANDY SILT (SM/ML): Dark olive brown [2.5Y3/3]; very fine to
medium sand 50%, silt and clay 50%. Non-lithified. Loose to friable. Slightly to moderately
cohesive. Dry. Reaction to acid: very strong.

1.0 - 2.6

SANDY SILT (ML): Olive brown [2.5Y4/3]; silt 55%, very fine to medium sand 45%.
Non-lithified. Hard. Very slightly cohesive. Dry to moist. Reaction to acid: very strong.

2.6 - 6.0

SILTY SAND / SANDY SILT (SM/ML): Very dark gray [2.5Y3/1]; very fine to medium
sand 50%, silt and clay 50%. Non-lithified. Hard. Slightly cohesive. Dry to moist. Reaction
to acid: weak. Includes orange mottles.

6.0 - 7.5

SILTY SAND (SM): Olive brown [2.5Y4/3]; very fine to coarse sand 55%, silt and clay
45%. Non-lithified. Firm. Slightly cohesive. Moist. Reaction to acid: none.

7.5 - 8.0

GRAVELLY SILTY SAND (SM): Dark grayish brown [2.5Y4/2]; fine to very coarse sand
45%, silt 35%, gravel 20%. Gravel fraction: subrounded pebbles to 0.25 inch. Non-lithified.
Firm. Very slightly cohesive. Moist. Reaction to acid: none.

8.0 - 9.5

SILTY SAND (SM): Olive brown [2.5Y4/3]; very fine to very coarse sand 70%, silt 30%.
Non-lithified. Firm to soft. Non-cohesive. Moist to very moist. Reaction to acid: none.

9.5 - 11.0

SILTY SAND (SM): Dark grayish brown [2.5Y4/2]; very fine to very coarse sand 75%, silt
20%, gravel 5%. Gravel fraction: subrounded pebbles to 0.25 inch. Non-lithified. Soft to
loose. Non-cohesive. Moist to very moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 9
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/12/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

1

GENERAL DESCRIPTION
CLAYEY SANDY SILT (ML/CL)

GRAVEL /SAND
/FINES PERCENT*
0 / 35 / 65

COMMENTS
Non-lithified; loose to friable; moderately cohesive; dry

FINE SANDY SILT (ML)

0 / 35 / 65

Non-lithified; firm to hard; slightly cohesive; dry to moist

FINE SANDY SILT (ML)

0 / 40 / 60

Non-lithified; hard; very slightly cohesive; moist

SILTY SAND (SM)

0 / 70 / 30

Non-lithified; firm to soft; non-cohesive; moist to very moist

(SILTY) WELL GRADED SAND
(SM-SW)

0 / 85 / 15

Non-lithified; soft to loose; non-cohesive; moist to very moist

2

3

4

5

6

7

8

9

10
TD: 10.5 feet
11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 9
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/12/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.7

CLAYEY SANDY SILT (ML/CL): Very dark gray [2.5Y3/1]; silt and clay 65%, very fine to
medium sand 35%. Non-lithified. Loose to friable. Moderately cohesive. Dry. Reaction to
acid: very strong.

0.7 - 3.0

FINE SANDY SILT (ML): Dark olive brown [2.5Y3/3]; silt and clay 65%, very fine to
medium sand 35%. Non-lithified. Firm to hard. Slightly cohesive. Dry to moist. Reaction to
acid: none.

3.0 - 4.8

FINE SANDY SILT (ML): Olive brown [2.5Y4/4]; silt 60%, very fine to medium sand 40%.
Non-lithified. Hard. Very slightly cohesive. Moist. Reaction to acid: none.

4.8 - 7.0

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 70%, silt 30%.
Non-lithified. Firm to soft. Non-cohesive. Moist to very moist. Reaction to acid: none.

7.0 - 10.5

(SILTY) WELL GRADED SAND (SM-SW): Dark olive brown [2.5Y3/3]; very fine to very
coarse sand 85%, silt 15%. Non-lithified. Soft to loose. Non-cohesive. Moist to very moist.
Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 1
BASIN NO. 6 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/11/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 45 / 55

SILTY FINE SAND (SM)

0 / 55 / 45

Non-lithified; firm; very slightly cohesive; moist

SILTY FINE SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; soft to firm; non-cohesive; moist to very moist

(SANDY) CLAYEY SILT (ML/CL)

0 / 15 / 85

Non-lithified; soft to firm; moderately cohesive; moist to very moist

SILTY SAND (SM)

0 / 60 / 40

Non-lithified; soft; very slightly cohesive; moist to very moist

COMMENTS
Non-lithified; loose to firm; very slightly cohesive; dry to moist

1

2

3

4

5

6

7

8

9

10
TD: 10.5 feet
11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 1
BASIN NO. 6 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/11/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.5

SANDY SILT (ML): Dark olive brown [2.5Y3/3]; silt 55%, very fine to coarse sand 45%.
Non-lithified. Loose to firm. Very slightly cohesive. Dry to moist. Reaction to acid: very
strong.

0.5 - 1.3

SILTY FINE SAND (SM): Olive brown [2.5Y4/3]; very fine to medium sand 55%, silt
45%. Non-lithified. Firm. Very slightly cohesive. Moist. Reaction to acid: very strong.

1.3 - 4.5

SILTY FINE SAND / SANDY SILT (SM/ML): Olive brown [2.5Y4/3]; very fine to medium
sand 50%, silt 50%. Non-lithified. Soft to firm. Non-cohesive. Moist to very moist. Reaction
to acid: very strong.

4.5 - 7.0

(SANDY) CLAYEY SILT (ML/CL): Dark grayish brown [2.5Y4/2]; silt and clay 85%, very
fine to medium sand 15%. Non-lithified. Soft to firm. Moderately cohesive. Moist to very
moist. Reaction to acid: none.

7.0 - 10.5

SILTY SAND (SM): Olive brown [2.5Y4/3]; very fine to very coarse sand 60%, silt 40%.
Non-lithified. Soft. Very slightly cohesive. Moist to very moist. Reaction to acid: none.
Includes orange mottles.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 3
BASIN NO. 6 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/11/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
FINE SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 40 / 60

FINE SANDY SILT (ML)

0 / 45 / 55

Non-lithified; firm; slightly cohesive; moist

FINE SANDY SILT (ML)

0 / 35 / 65

Non-lithified; firm; slightly cohesive; moist

SILTY FINE SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; soft to firm; very slightly cohesive; moist to very moist; includes
thin layer of silt

CLAYEY SANDY SILT (ML/CL)

0 / 25 / 75

Non-lithified; firm to hard; moderately cohesive; moist

SILTY SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; firm; very slightly cohesive; moist to very moist

SILTY SAND (SM)

0 / 55 / 45

Non-lithified; soft; very slightly cohesive; moist to very moist

COMMENTS
Non-lithified; loose to friable; slightly cohesive; dry

1

2

3

4

5

6

7

8

9

10
TD: 10.5 feet
11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 3
BASIN NO. 6 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/11/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.5

FINE SANDY SILT (ML): Very dark grayish brown [2.5Y3/2]; silt and clay 60%, very fine
to medium sand 40%. Non-lithified. Loose to friable. Slightly cohesive. Dry. Reaction to
acid: very strong.

0.5 - 2.2

FINE SANDY SILT (ML): Dark olive brown [2.5Y3/3]; silt and clay 55%, very fine to
medium sand 45%. Non-lithified. Firm. Slightly cohesive. Moist. Reaction to acid: none.

2.2 - 4.4

FINE SANDY SILT (ML): Dark olive brown [2.5Y3/3]; silt and clay 65%, very fine to
medium sand 35%. Non-lithified. Firm. Slightly cohesive. Moist. Reaction to acid: none.

4.4 - 5.8

SILTY FINE SAND / SANDY SILT (SM/ML): Dark olive brown [2.5Y3/3]; very fine to
medium sand 50%, silt 50%. Non-lithified. Soft to firm. Very slightly cohesive. Moist to very
moist. Reaction to acid: none. Includes thin layer of silt. includes orange mottles.

5.8 - 7.0

CLAYEY SANDY SILT (ML/CL): Olive brown [2.5Y4/3]; silt and clay 75%, very fine to
coarse sand 25%. Non-lithified. Firm to hard. Moderately cohesive. Moist. Reaction to
acid: none. Includes orange mottles.

7.0 - 8.5

SILTY SAND / SANDY SILT (SM/ML): Olive brown [2.5Y4/3]; very fine to coarse sand
50%, silt 50%. Non-lithified. Firm. Very slightly cohesive. Moist to very moist. Reaction to
acid: none. Includes orange mottles.

8.5 - 10.5

SILTY SAND (SM): Olive brown [2.5Y4/3]; very fine to coarse sand 55%, silt 45%.
Non-lithified. Soft. Very slightly cohesive. Moist to very moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 4
BASIN NO. 6 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/11/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
(CLAYEY) SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 45 / 55

SILTY SAND (SM)

0 / 60 / 40

Non-lithified; firm; slightly cohesive; moist to very moist

SILTY SAND (SM)

0 / 75 / 25

Non-lithified; firm to soft; non-cohesive; moist to very moist

(CLAYEY) SILTY SAND / SANDY
SILT (SM/ML)

0 / 50 / 50

Non-lithified; firm to soft; slightly to moderately cohesive; moist to very moist

SILTY SAND (SM)

0 / 65 / 35

Non-lithified; soft; very slightly cohesive; moist to very moist

SANDY SILT (ML)

0 / 45 / 55

Non-lithified; firm; slightly cohesive; moist to very moist

(SILTY) FINE SAND (SM)

0 / 85 / 15

Non-lithified; soft to loose; non-cohesive; moist to very moist

COMMENTS
Non-lithified; loose to friable; slightly to moderately cohesive; dry

1

2

3

4

5

6

7

8

9

10
TD: 10.5 feet
11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 4
BASIN NO. 6 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/11/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.5

(CLAYEY) SANDY SILT (ML): Very dark gray [5Y3/1]; silt and clay 55%, very fine to very
coarse sand 45%. Non-lithified. Loose to friable. Slightly to moderately cohesive. Dry.
Reaction to acid: none.

0.5 - 1.8

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to very coarse sand 60%, silt
and clay 40%. Non-lithified. Firm. Slightly cohesive. Moist to very moist. Reaction to acid:
none. Includes orange mottles.

1.8 - 4.0

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to very coarse sand 75%, silt
25%. Non-lithified. Firm to soft. Non-cohesive. Moist to very moist. Reaction to acid: none.

4.0 - 6.5

(CLAYEY) SILTY SAND / SANDY SILT (SM/ML): Dark olive brown [2.5Y3/3]; very fine to
very coarse sand 50%, silt and clay 50%. Non-lithified. Firm to soft. Slightly to moderately
cohesive. Moist to very moist. Reaction to acid: none.

6.5 - 8.0

SILTY SAND (SM): Olive brown [2.5Y4/3]; very fine to very coarse sand 65%, silt 35%.
Non-lithified. Soft. Very slightly cohesive. Moist to very moist. Reaction to acid: none.

8.0 - 9.0

SANDY SILT (ML): Olive brown [2.5Y4/4]; silt and clay 55%, very fine to very coarse
sand 45%. Non-lithified. Firm. Slightly cohesive. Moist to very moist. Reaction to acid:
none.

9.0 - 10.5

(SILTY) FINE SAND (SM): Olive brown [2.5Y4/4]; very fine to medium sand 85%, silt
15%. Non-lithified. Soft to loose. Non-cohesive. Moist to very moist. Reaction to acid:
none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 5
BASIN NO. 6 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/11/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
(CLAYEY) SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 25 / 75

SANDY SILT (ML)

0 / 35 / 65

Non-lithified; friable; slightly cohesive; slightly moist

FINE SANDY SILT (ML)

0 / 40 / 60

Non-lithified; firm; very slightly cohesive; slightly moist

FINE SANDY SILT (ML)

0 / 40 / 60

Non-lithified; firm; very slightly cohesive; slightly moist

FINE SANDY SILT (ML)

0 / 40 / 60

Non-lithified; firm to soft; very slightly cohesive; slightly moist

SILTY SAND (SM)

0 / 70 / 30

Non-lithified; soft to loose; non-cohesive; moist

COMMENTS
Non-lithified; powdery to loose; slightly to moderately cohesive; dry

1

2

3

4

5

6

7

8

9

10

11

TD: 11.0 feet

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 5
BASIN NO. 6 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/11/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.4

(CLAYEY) SANDY SILT (ML): Olive brown [2.5Y4/3]; silt and clay 75%, very fine to
coarse sand 25%. Non-lithified. Powdery to loose. Slightly to moderately cohesive. Dry.
Reaction to acid: very strong.

0.4 - 1.6

SANDY SILT (ML): Olive brown [2.5Y4/3]; silt and clay 65%, very fine to coarse sand
35%. Non-lithified. Friable. Slightly cohesive. Slightly moist. Reaction to acid: very strong.

1.6 - 4.0

FINE SANDY SILT (ML): Olive brown [2.5Y4/3]; silt 60%, very fine to medium sand 40%.
Non-lithified. Firm. Very slightly cohesive. Slightly moist. Reaction to acid: very strong.

4.0 - 6.0

FINE SANDY SILT (ML): Dark olive brown [2.5Y3/3]; silt 60%, very fine to medium sand
40%. Non-lithified. Firm. Very slightly cohesive. Slightly moist. Reaction to acid: none.

6.0 - 8.0

FINE SANDY SILT (ML): Olive brown [2.5Y4/3]; silt 60%, very fine to medium sand 40%.
Non-lithified. Firm to soft. Very slightly cohesive. Slightly moist. Reaction to acid: none.

8.0 - 11.0

SILTY SAND (SM): Olive brown [2.5Y4/3]; very fine to medium sand 70%, silt 30%.
Non-lithified. Soft to loose. Non-cohesive. Moist. Reaction to acid: weak.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 6
BASIN NO. 6 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/11/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

1

2

GENERAL DESCRIPTION
FINE SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 30 / 70

COMMENTS
Non-lithified; loose; slightly cohesive; dry

SANDY SILT / SILTY SAND
(ML/SM)

0 / 50 / 50

Non-lithified; firm; slightly cohesive; moist

SILTY SAND (SM)

0 / 65 / 35

Non-lithified; firm; very slightly cohesive; moist to very moist

SILTY SAND (SM)

0 / 70 / 30

Non-lithified; firm to soft; non-cohesive; moist to very moist

WELL-GRADED SAND (SW-SM)

TR / 90 / 10

3

4

5

6

Non-lithified; soft to loose; non-cohesive; moist to very moist

7

8

9

10

11

TD: 11.0 feet

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 6
BASIN NO. 6 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/11/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.4

FINE SANDY SILT (ML): Very dark gray [5Y3/1]; silt and clay 70%, very fine to medium
sand 30%. Non-lithified. Loose. Slightly cohesive. Dry. Reaction to acid: none.

0.4 - 1.6

SANDY SILT / SILTY SAND (ML/SM): Very dark grayish brown [2.5Y3/2]; fine to very
coarse sand 50%, silt and clay 50%. Non-lithified. Firm. Slightly cohesive. Moist. Reaction
to acid: none. Includes orange mottles.

1.6 - 3.6

SILTY SAND (SM): Olive brown [2.5Y4/3]; very fine to coarse sand 65%, silt 35%.
Non-lithified. Firm. Very slightly cohesive. Moist to very moist. Reaction to acid: none.

3.6 - 6.0

SILTY SAND (SM): Olive brown [2.5Y4/3]; very fine to coarse sand 70%, silt 30%.
Non-lithified. Firm to soft. Non-cohesive. Moist to very moist. Reaction to acid: none.

6.0 - 11.0

WELL-GRADED SAND (SW-SM): Dark olive brown [2.5Y3/3]; fine to very coarse sand
90%, silt 10%, trace gravel. Gravel fraction: subrounded pebbles to 0.5 inch. Non-lithified.
Soft to loose. Non-cohesive. Moist to very moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 7
BASIN NO. 6 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/12/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
(CLAYEY) SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 30 / 70

COMMENTS
Non-lithified; loose to firm; slightly to moderately cohesive; dry to moist

1
SILTY SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; firm; slightly cohesive; moist

SILTY SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; firm to soft; non-cohesive; moist to very moist

SANDY CLAYEY SILT (ML/CL)

0 / 20 / 80

Non-lithified; firm to hard; moderately cohesive; moist to very moist

(CLAYEY) SANDY SILT (ML)

0 / 40 / 60

Non-lithified; firm to soft; slightly to moderately cohesive; moist to very moist

2

3

4

5

6

7

8

9

10

11

TD: 11.0 feet

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 7
BASIN NO. 6 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/12/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 1.2

(CLAYEY) SANDY SILT (ML): Very dark grayish brown [2.5Y3/2]; silt and clay 70%, very
fine to coarse sand 30%. Non-lithified. Loose to firm. Slightly to moderately cohesive. Dry
to moist. Reaction to acid: strong.

1.2 - 3.5

SILTY SAND / SANDY SILT (SM/ML): Dark olive brown [2.5Y3/3]; very fine to coarse
sand 50%, silt and clay 50%. Non-lithified. Firm. Slightly cohesive. Moist. Reaction to acid:
very strong.

3.5 - 6.0

SILTY SAND / SANDY SILT (SM/ML): Dark olive brown [2.5Y3/3]; very fine to coarse
sand 50%, silt 50%. Non-lithified. Firm to soft. Non-cohesive. Moist to very moist. Reaction
to acid: strong.

6.0 - 9.0

SANDY CLAYEY SILT (ML/CL): Olive brown [2.5Y4/3]; silt and clay 80%, very fine to
medium sand 20%. Non-lithified. Firm to hard. Moderately cohesive. Moist to very moist.
Reaction to acid: none.

9.0 - 11.0

(CLAYEY) SANDY SILT (ML): Olive brown [2.5Y4/3]; silt and clay 60%, very fine to
medium sand 40%. Non-lithified. Firm to soft. Slightly to moderately cohesive. Moist to very
moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 9
BASIN NO. 6 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/11/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

1

GENERAL DESCRIPTION
CLAYEY SANDY SILT (ML/CL)

GRAVEL /SAND
/FINES PERCENT*
0 / 25 / 75

(CLAYEY) SANDY SILT (ML)

0 / 25 / 75

Non-lithified; firm; slightly to moderately cohesive; moist

(CLAYEY) FINE SANDY SILT (ML)

0 / 30 / 70

Non-lithified; firm; slightly to moderately cohesive; moist

SILTY SAND (SM)

0 / 55 / 45

Non-lithified; firm to soft; very slightly cohesive; moist to very moist

SILTY FINE SAND (SM)

0 / 70 / 30

Non-lithified; soft; non-cohesive; moist to very moist

COMMENTS
Non-lithified; loose to friable; moderately cohesive; dry to moist

2

3

4

5

6

7

8

9

10

TD: 10.0 feet

11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 9
BASIN NO. 6 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/11/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 1.0

CLAYEY SANDY SILT (ML/CL): Very dark gray [5Y3/1]; silt and clay 75%, very fine to
medium sand 25%. Non-lithified. Loose to friable. Moderately cohesive. Dry to moist.
Reaction to acid: none.

1.0 - 2.2

(CLAYEY) SANDY SILT (ML): Olive brown [2.5Y4/3]; silt and clay 75%, very fine to
coarse sand 25%. Non-lithified. Firm. Slightly to moderately cohesive. Moist. Reaction to
acid: very strong.

2.2 - 4.4

(CLAYEY) FINE SANDY SILT (ML): Olive brown [2.5Y4/3]; silt and clay 70%, very fine to
medium sand 30%. Non-lithified. Firm. Slightly to moderately cohesive. Moist. Reaction to
acid: very strong.

4.4 - 6.5

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 55%, silt 45%.
Non-lithified. Firm to soft. Very slightly cohesive. Moist to very moist. Reaction to acid:
none.

6.5 - 10.0

SILTY FINE SAND (SM): Dark olive brown [2.5Y3/3]; very fine to medium sand 70%, silt
30%. Non-lithified. Soft. Non-cohesive. Moist to very moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 1
BASIN NO. 8
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 12.0 feet

DATE EXCAVATED: 10/13/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
SILTY FINE SAND / SANDY SILT
(SM/ML)
SILTY FINE SAND (SM)

GRAVEL /SAND
/FINES PERCENT*
0 / 50 / 50

COMMENTS
Non-lithified; loose; slightly cohesive; dry

0 / 65 / 35

Non-lithified; hard; very slightly cohesive; dry to moist

SILTY SAND (SM)

0 / 70 / 30

Non-lithified; soft; non-cohesive; moist

SILTY SAND (SM)

0 / 55 / 45

Non-lithified; firm; very slightly cohesive; moist

CLAYEY SANDY SILT (ML/CL)

0 / 40 / 60

Non-lithified; firm; moderately cohesive; moist to very moist

CLAYEY SILT (ML/CH)

0 / 10 / 90

Non-lithified; hard; moderately to very cohesive; moist

(CLAYEY) SANDY SILT (ML)

0 / 25 / 75

Non-lithified; firm; slightly to moderately cohesive; moist to very moist

SILTY SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; firm; very slightly cohesive; moist to very moist; includes small
silt/clay pockets
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2

3

4

5

6

7

8

9

10

11

12

TD: 12.0 feet

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 1
BASIN NO. 8
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 12.0 feet

DATE EXCAVATED: 10/13/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.4

SILTY FINE SAND / SANDY SILT (SM/ML): Dark olive brown [2.5Y3/3]; very fine to
medium sand 50%, silt and clay 50%. Non-lithified. Loose. Slightly cohesive. Dry. Reaction
to acid: none.

0.4 - 2.8

SILTY FINE SAND (SM): Dark olive brown [2.5Y3/3]; very fine to medium sand 65%, silt
35%. Non-lithified. Hard. Very slightly cohesive. Dry to moist. Reaction to acid: weak.
Includes orange mottles.

2.8 - 4.0

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 70%, silt 30%.
Non-lithified. Soft. Non-cohesive. Moist. Reaction to acid: strong. Includes white carbonate
concretions.

4.0 - 4.8

SILTY SAND (SM): Olive brown [2.5Y4/3]; very fine to coarse sand 55%, silt 45%.
Non-lithified. Firm. Very slightly cohesive. Moist. Reaction to acid: very strong.

4.8 - 7.0

CLAYEY SANDY SILT (ML/CL): Olive brown [2.5Y4/3]; silt and clay 60%, very fine to
medium sand 40%. Non-lithified. Firm. Moderately cohesive. Moist to very moist. Reaction
to acid: moderate. Includes white carbonate concretions and orangle mottles.

7.0 - 8.0

CLAYEY SILT (ML/CH): Olive brown [2.5Y4/4]; silt and clay 90%, very fine to coarse
sand 10%. Non-lithified. Hard. Moderately to very cohesive. Moist. Reaction to acid:
strong.

8.0 - 10.5

(CLAYEY) SANDY SILT (ML): Olive brown [2.5Y4/4]; silt and clay 75%, very fine to
coarse sand 25%. Non-lithified. Firm. Slightly to moderately cohesive. Moist to very moist.
Reaction to acid: weak to moderate.

10.5 - 12.0

SILTY SAND / SANDY SILT (SM/ML): Olive brown [2.5Y4/4]; very fine to coarse sand
50%, silt 50%. Non-lithified. Firm. Very slightly cohesive. Moist to very moist. Reaction to
acid: none. Includes small silt/clay pockets.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 2
BASIN NO. 8
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/13/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 45 / 55

COMMENTS
Non-lithified; loose; slightly cohesive; dry

SILTY SAND (SM)

0 / 55 / 45

Non-lithified; hard; very slightly cohesive; dry

SILTY SAND (SM)

0 / 65 / 35

Non-lithified; firm to hard; non-cohesive; moist

SILTY SAND (SM)

0 / 80 / 20

Non-lithified; firm to soft; non-cohesive; moist

(SANDY) SILT AND CLAY
(ML/CH)

0 / 15 / 85

Non-lithified; firm to hard; moderately to very cohesive; moist

SILTY SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; firm; very slightly cohesive; moist to very moist; includes
pockets of higher silt content

SILTY SAND (SM)

0 / 80 / 20

Non-lithified; soft to loose; non-cohesive; moist to very moist
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TD: 11.0 feet

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 2
BASIN NO. 8
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/13/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.4

SANDY SILT (ML): Dark olive brown [2.5Y3/3]; silt and clay 55%, very fine to coarse
sand 45%. Non-lithified. Loose. Slightly cohesive. Dry. Reaction to acid: none.

0.4 - 1.2

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 55%, silt 45%.
Non-lithified. Hard. Very slightly cohesive. Dry. Reaction to acid: none.

1.2 - 3.5

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 65%, silt 35%.
Non-lithified. Firm to hard. Non-cohesive. Moist. Reaction to acid: none.

3.5 - 5.5

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; fine to very coarse sand 80%, silt 20%.
Non-lithified. Firm to soft. Non-cohesive. Moist. Reaction to acid: very strong.

5.5 - 7.0

(SANDY) SILT AND CLAY (ML/CH): Olive brown [2.5Y4/3]; silt and clay 85%, very fine
to medium sand 15%. Non-lithified. Firm to hard. Moderately to very cohesive. Moist.
Reaction to acid: very strong.

7.0 - 9.0

SILTY SAND / SANDY SILT (SM/ML): Olive brown [2.5Y4/4]; very fine to coarse sand
50%, silt 50%. Non-lithified. Firm. Very slightly cohesive. Moist to very moist. Reaction to
acid: none. Includes pockets of higher silt content.

9.0 - 11.0

SILTY SAND (SM): Olive brown [2.5Y4/4]; very fine to very coarse sand 80%, silt 20%.
Non-lithified. Soft to loose. Non-cohesive. Moist to very moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 3
BASIN NO. 8
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/14/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
SILTY SAND (SM)
SILTY SAND (SM)

GRAVEL /SAND
/FINES PERCENT*
0 / 75 / 25
0 / 80 / 20

WELL GRADED SAND (SM-SW)

0 / 90 / 10

Non-lithified; soft to loose; non-cohesive; moist

SANDY SILT (ML)

0 / 40 / 60

Non-lithified; firm; slightly cohesive; moist to very moist; top of this sandy silt
interval actually ranges from 4.5 to 5.5 feet

SANDY CLAYEY SILT (ML/CL)

0 / 25 / 75

Non-lithified; firm to hard; moderately cohesive; moist to very moist;
includes thin sandy lenses

COMMENTS
Non-lithified; loose; non-cohesive; dry
Non-lithified; hard; non-cohesive; dry to moist
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11

TD: 11.0 feet

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 3
BASIN NO. 8
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/14/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.3

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 75%, silt 25%.
Non-lithified. Loose. Non-cohesive. Dry. Reaction to acid: none.

0.3 - 2.6

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 80%, silt 20%.
Non-lithified. Hard. Non-cohesive. Dry to moist. Reaction to acid: very strong.

2.6 - 5.0

WELL GRADED SAND (SM-SW): Olive brown [2.5Y4/3]; very fine to coarse sand 90%,
silt 10%. Non-lithified. Soft to loose. Non-cohesive. Moist. Reaction to acid: none.

5.0 - 7.0

SANDY SILT (ML): Olive brown [2.5Y4/3]; silt and clay 60%, very fine to medium sand
40%. Non-lithified. Firm. Slightly cohesive. Moist to very moist. Reaction to acid: strong.
Top of this sandy silt interval actually ranges from 4.5 to 5.5 feet.

7.0 - 11.0

SANDY CLAYEY SILT (ML/CL): Grayish brown [2.5Y5/2]; silt and clay 75%, very fine to
medium sand 25%. Non-lithified. Firm to hard. Moderately cohesive. Moist to very moist.
Reaction to acid: very strong. Includes thin sandy lenses.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 4
BASIN NO. 8
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/13/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
SILTY FINE SAND / SANDY SILT
(SM/ML)
FINE SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 50 / 50

COMMENTS
Non-lithified; loose; very slightly cohesive; dry

0 / 35 / 65

Non-lithified; hard; very slightly cohesive; dry to moist

FINE SANDY SILT (ML)

0 / 45 / 55

Non-lithified; hard; very slightly cohesive; moist

FINE SANDY SILT (ML)

0 / 40 / 60

Non-lithified; firm to soft; non-cohesive; moist

(SANDY) CLAYEY SILT (ML/CH)

0 / 15 / 85

Non-lithified; firm to hard; moderately to very cohesive; moist

FINE SANDY SILT (ML)

0 / 30 / 70

Non-lithified; firm to hard; slightly cohesive; moist

(SILTY) FINE SAND (SM)

0 / 85 / 15

Non-lithified; soft; non-cohesive; moist to very moist
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TD: 11.0 feet

12
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15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 4
BASIN NO. 8
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/13/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.4

SILTY FINE SAND / SANDY SILT (SM/ML): Dark olive brown [2.5Y3/3]; very fine to
medium sand 50%, silt 50%. Non-lithified. Loose. Very slightly cohesive. Dry. Reaction to
acid: none.

0.4 - 1.6

FINE SANDY SILT (ML): Olive brown [2.5Y4/3]; silt 65%, very fine to medium sand 35%.
Non-lithified. Hard. Very slightly cohesive. Dry to moist. Reaction to acid: moderate.

1.6 - 2.8

FINE SANDY SILT (ML): Olive brown [2.5Y4/3]; silt 55%, very fine to medium sand 45%.
Non-lithified. Hard. Very slightly cohesive. Moist. Reaction to acid: strong.

2.8 - 5.0

FINE SANDY SILT (ML): Olive brown [2.5Y4/3]; silt 60%, very fine to medium sand 40%.
Non-lithified. Firm to soft. Non-cohesive. Moist. Reaction to acid: very strong. Includes
carbonate concretions and orange mottles.

5.0 - 5.8

(SANDY) CLAYEY SILT (ML/CH): Dark grayish brown [2.5Y4/2]; silt and clay 85%, very
fine to medium sand 15%. Non-lithified. Firm to hard. Moderately to very cohesive. Moist.
Reaction to acid: moderate. Includes abundant carbonate concretions.

5.8 - 7.5

FINE SANDY SILT (ML): Olive brown [2.5Y4/4]; silt and clay 70%, very fine to medium
sand 30%. Non-lithified. Firm to hard. Slightly cohesive. Moist. Reaction to acid: none.
Includes orange mottles.

7.5 - 11.0

(SILTY) FINE SAND (SM): Olive brown [2.5Y4/3]; very fine to medium sand 85%, silt
15%. Non-lithified. Soft. Non-cohesive. Moist to very moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 5
BASIN NO. 8
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/13/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
SILTY SAND (SM)
SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 60 / 40
0 / 40 / 60

COMMENTS
Non-lithified; loose; very slightly cohesive; dry
Non-lithified; hard; very slightly cohesive; dry to moist

1

2

SILTY FINE SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; hard; non-cohesive; moist

FINE SANDY SILT (ML)

0 / 45 / 55

Non-lithified; firm; very slightly cohesive; moist

CLAYEY SILT (ML/CL)

0 / 10 / 90

Non-lithified; hard; moderately cohesive; slightly moist

FINE SANDY SILT (ML)

0 / 45 / 55

Non-lithified; hard; slightly cohesive; moist

SILTY SAND (SM)

0 / 70 / 30

Non-lithified; firm; non-cohesive; moist to very moist

3

4

5

6

7

8

9

10

TD: 10.0 feet

11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 5
BASIN NO. 8
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.0 feet

DATE EXCAVATED: 10/13/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.3

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 60%, silt 40%.
Non-lithified. Loose. Very slightly cohesive. Dry. Reaction to acid: weak.

0.3 - 2.0

SANDY SILT (ML): Olive brown [2.5Y4/3]; silt 60%, very fine to medium sand 40%.
Non-lithified. Hard. Very slightly cohesive. Dry to moist. Reaction to acid: very strong.

2.0 - 3.3

SILTY FINE SAND / SANDY SILT (SM/ML): Olive brown [2.5Y4/3]; very fine to medium
sand 50%, silt 50%. Non-lithified. Hard. Non-cohesive. Moist. Reaction to acid: very
strong.

3.3 - 5.2

FINE SANDY SILT (ML): Dark grayish brown [2.5Y4/2]; silt 55%, very fine to medium
sand 45%. Non-lithified. Firm. Very slightly cohesive. Moist. Reaction to acid: very strong.
Includes carbonate accumulation.

5.2 - 5.7

CLAYEY SILT (ML/CL): Olive brown [2.5Y4/3]; silt and clay 90%, very fine to medium
sand 10%. Non-lithified. Hard. Moderately cohesive. Slightly moist. Reaction to acid:
strong. Includes carbonate concretions and orange mottles.

5.7 - 7.5

FINE SANDY SILT (ML): Olive brown [2.5Y4/3]; silt and clay 55%, very fine to medium
sand 45%. Non-lithified. Hard. Slightly cohesive. Moist. Reaction to acid: none. Includes
orange mottles.

7.5 - 10.0

SILTY SAND (SM): Olive brown [2.5Y4/3]; fine to very coarse sand 70%, silt 30%.
Non-lithified. Firm. Non-cohesive. Moist to very moist. Reaction to acid: none. Includes
orange mottles.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 6
BASIN NO. 8
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/13/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
(CLAYEY) SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 45 / 55

CLAYEY SANDY SILT (ML/CL)

0 / 45 / 55

Non-lithified; crumbly; moderately cohesive; moist

SILTY FINE SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; firm to hard; very slightly cohesive; moist

SILTY SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; firm; very slightly cohesive; moist to very moist

SANDY CLAYEY SILT (ML/CH)

0 / 20 / 80

Non-lithified; firm to hard; moderately to very cohesive; moist

FINE SANDY SILT (ML)

0 / 45 / 55

Non-lithified; firm to soft; very slightly cohesive; moist to very moist;
sediments in interval from 7 to 8 feet may have higher sand content

SILTY SAND (SM)

0 / 75 / 25

Non-lithified; soft to loose; non-cohesive; moist to very moist

COMMENTS
Non-lithified; loose; slightly to moderately cohesive; dry

1

2

3

4

5

6

7

8

9

10
TD: 10.5 feet
11

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
S:\PROJECTS\DATASTORE\GINT\GINT PROJECT\1465 - TID\TID_TRENCH_BASIN_8.GPJ / S:\PROJECTS\DATASTORE\GINT\GINT LIBRARIES\OVERHAUL_LIBRARIES\OVERHAUL_LIBRARY2014.GLB / Log:BASINFILL GRAPHIC / 11/11/2014 3:51:16 PM

APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 6
BASIN NO. 8
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 10.5 feet

DATE EXCAVATED: 10/13/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.4

(CLAYEY) SANDY SILT (ML): Dark gray [2.5Y4/1]; silt and clay 55%, very fine to
medium sand 45%. Non-lithified. Loose. Slightly to moderately cohesive. Dry. Reaction to
acid: none.

0.4 - 2.0

CLAYEY SANDY SILT (ML/CL): Very dark grayish brown [2.5Y3/2]; silt and clay 55%,
very fine to medium sand 45%. Non-lithified. Crumbly. Moderately cohesive. Moist.
Reaction to acid: none.

2.0 - 4.2

SILTY FINE SAND / SANDY SILT (SM/ML): Olive brown [2.5Y4/3]; very fine to medium
sand 50%, silt 50%. Non-lithified. Firm to hard. Very slightly cohesive. Moist. Reaction to
acid: very strong. Includes abundant carbonate concretions.

4.2 - 5.5

SILTY SAND / SANDY SILT (SM/ML): Olive brown [2.5Y4/3]; very fine to coarse sand
50%, silt 50%. Non-lithified. Firm. Very slightly cohesive. Moist to very moist. Reaction to
acid: none. Includes minor carbonate concretions.

5.5 - 6.2

SANDY CLAYEY SILT (ML/CH): Dark grayish brown [2.5Y4/2]; silt and clay 80%, very
fine to medium sand 20%. Non-lithified. Firm to hard. Moderately to very cohesive. Moist.
Reaction to acid: none. Includes abundant carbonate concretions.

6.2 - 8.0

FINE SANDY SILT (ML): Olive brown [2.5Y4/3]; silt 55%, very fine to medium sand 45%.
Non-lithified. Firm to soft. Very slightly cohesive. Moist to very moist. Reaction to acid:
none. Sediments in interval from 7 to 8 feet may have higher sand content.

8.0 - 10.5

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 75%, silt 25%.
Non-lithified. Soft to loose. Non-cohesive. Moist to very moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 7
BASIN NO. 8
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/13/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
SILTY FINE SAND / SANDY SILT
(SM/ML)
FINE SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 50 / 50

COMMENTS
Non-lithified; loose; slightly cohesive; dry

0 / 45 / 55

Non-lithified; firm to hard; very slightly cohesive; dry to moist

SILTY SAND (SM)

0 / 60 / 40

Non-lithified; firm; non-cohesive; moist

SANDY CLAYEY SILT (ML/CL)

0 / 20 / 80

Non-lithified; hard; moderately cohesive; moist

SANDY SILT AND CLAY (CH)

0 / 20 / 80

Non-lithified; hard; very cohesive; moist to very moist

SILTY SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; hard; very slightly cohesive; moist to very moist; includes thin
lenses of siltier and sandier sediments

(GRAVELLY) WELL-GRADED
SAND (SW-SG)

15 / 75 / 10

Non-lithified; soft to loose; non-cohesive; moist to very moist

1

2

3

4

5

6

7

8

9

10

11

TD: 11.0 feet

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 7
BASIN NO. 8
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/13/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.4

SILTY FINE SAND / SANDY SILT (SM/ML): Very dark grayish brown [2.5Y3/2]; very fine
to medium sand 50%, silt and clay 50%. Non-lithified. Loose. Slightly cohesive. Dry.
Reaction to acid: none.

0.4 - 3.0

FINE SANDY SILT (ML): Olive brown [2.5Y4/3]; silt 55%, very fine to medium sand 45%.
Non-lithified. Firm to hard. Very slightly cohesive. Dry to moist. Reaction to acid: very
strong.

3.0 - 3.8

SILTY SAND (SM): Olive brown [2.5Y4/3]; very fine to medium sand 60%, silt 40%.
Non-lithified. Firm. Non-cohesive. Moist. Reaction to acid: strong.

3.8 - 4.5

SANDY CLAYEY SILT (ML/CL): Olive brown [2.5Y4/3]; silt and clay 80%, very fine to
medium sand 20%. Non-lithified. Hard. Moderately cohesive. Moist. Reaction to acid: very
strong. Includes abundant carbonate concretions.

4.5 - 6.0

SANDY SILT AND CLAY (CH): Dark grayish brown [2.5Y4/2]; silt and clay 80%, very
fine to medium sand 20%. Non-lithified. Hard. Very cohesive. Moist to very moist. Reaction
to acid: moderate to very strong. Includes abundant carbonate concretions.

6.0 - 9.0

SILTY SAND / SANDY SILT (SM/ML): Olive brown [2.5Y4/3]; very fine to coarse sand
50%, silt 50%. Non-lithified. Hard. Very slightly cohesive. Moist to very moist. Reaction to
acid: none. Includes thin lenses of siltier and sandier sediments.

9.0 - 11.0

(GRAVELLY) WELL-GRADED SAND (SW-SG): Olive brown [2.5Y4/3]; fine to coarse
sand 75%, gravel 15%, silt 10%. Gravel fraction: subangular to subrounded granules and
pebbles to 0.25 inch. Non-lithified. Soft to loose. Non-cohesive. Moist to very moist.
Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX A. GRAPHIC LOG FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 8
BASIN NO. 8
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/13/2016
TRENCH LENGTH: 15 feet

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
SILTY FINE SAND / SANDY SILT
(SM/ML)
FINE SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 50 / 50

COMMENTS
Non-lithified; loose; slightly cohesive; dry

0 / 45 / 55

Non-lithified; firm to hard; very slightly cohesive; dry to moist

(CLAYEY) SANDY SILT (ML)

0 / 35 / 65

Non-lithified; firm; slightly to moderately cohesive; moist

SANDY CLAYEY SILT (ML/CH)

0 / 20 / 80

Non-lithified; firm to hard; moderately to very cohesive; moist to very moist

SANDY CLAYEY SILT (ML/CL)

0 / 20 / 80

Non-lithified; firm; moderately cohesive; moist to very moist

SILTY FINE SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; soft; non-cohesive; moist to very moist

SILTY SAND (SM)

0 / 80 / 20

Non-lithified; soft to loose; non-cohesive; moist to very moist; includes
pockets of clayey silt

1

2

3

4

5

6

7

8

9

10

11

TD: 11.0 feet

12

13

14

15
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX A. LITHOLOGIC DESCRIPTIONS FOR
SOIL SAMPLES FROM EXPLORATION TRENCH 8
BASIN NO. 8
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

EXCAVATION METHOD / COMPANY: BACKHOE / TID

LOGGED BY: J. Laney / R. Johnson

DEPTH EXCAVATED: 11.0 feet

DATE EXCAVATED: 10/13/2016
TRENCH LENGTH: 15 feet

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 0.5

SILTY FINE SAND / SANDY SILT (SM/ML): Dark gray [2.5Y4/1]; very fine to medium
sand 50%, silt and clay 50%. Non-lithified. Loose. Slightly cohesive. Dry. Reaction to acid:
none.

0.5 - 1.4

FINE SANDY SILT (ML): Olive brown [2.5Y4/3]; silt 55%, very fine to medium sand 45%.
Non-lithified. Firm to hard. Very slightly cohesive. Dry to moist. Reaction to acid: none.

1.4 - 3.0

(CLAYEY) SANDY SILT (ML): Olive brown [2.5Y4/3]; silt and clay 65%, very fine to
medium sand 35%. Non-lithified. Firm. Slightly to moderately cohesive. Moist. Reaction to
acid: none to strong. Includes white carbonate concretions and orange mottles.

3.0 - 3.6

SANDY CLAYEY SILT (ML/CH): Dark grayish brown [2.5Y4/2]; silt and clay 80%, very
fine to medium sand 20%. Non-lithified. Firm to hard. Moderately to very cohesive. Moist to
very moist. Reaction to acid: strong. Includes abundant white carbonate concretions.

3.6 - 4.8

SANDY CLAYEY SILT (ML/CL): Olive brown [2.5Y4/3]; silt and clay 80%, very fine to
medium sand 20%. Non-lithified. Firm. Moderately cohesive. Moist to very moist. Reaction
to acid: none to weak. Includes orange mottles.

4.8 - 7.5

SILTY FINE SAND / SANDY SILT (SM/ML): Olive brown [2.5Y4/4]; very fine to medium
sand 50%, silt 50%. Non-lithified. Soft. Non-cohesive. Moist to very moist. Reaction to
acid: none. Includes orange mottles.

7.5 - 11.0

SILTY SAND (SM): Olive brown [2.5Y4/4]; very fine to coarse sand 80%, silt 20%.
Non-lithified. Soft to loose. Non-cohesive. Moist to very moist. Reaction to acid: none.
Includes pockets of clayey silt.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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Appendix B

Lithologic Descriptions and Graphic Logs for
Exploration Borings

Page 1 of 1

APPENDIX B. GRAPHIC LOG FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE CL-B1
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA
DRILLING METHOD / COMPANY: Hollow-Stem Auger / Technicon

LOGGED BY: J. Laney / R. Johnson

DEPTH DRILLED: 51.5 feet

DATE DRILLED: 11/28/2016
NOMINAL BOREHOLE DIAMETER: 7.5 inches

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
NO SAMPLE

GRAVEL /SAND
/FINES PERCENT*

SPT BLOWS PER
1.5 FEET

SANDY SILT (ML)
SANDY SILT (ML)

0 / 30 / 70
0 / 30 / 70

Non-lithified; very slightly to slightly cohesive; slightly
moist
Non-lithified; slightly cohesive; moist

12 / 7 / 6

SILTY SAND (SM)

0 / 65 / 35

Non-lithified; non-cohesive; moist

3/5/6

SILTY SAND (SM)

0 / 70 / 30

Non-lithified; non-cohesive; moist

2/3/2

5

10

COMMENTS

2/3/3
3/3/3

2/3/5

15

20

25

SANDY SILT (ML)
SANDY SILT AND CLAY (CH)

0 / 40 / 60
0 / 25 / 75

Non-lithified; slightly cohesive; moist
Non-lithified; very cohesive; very moist

2/3/2

SANDY CLAYEY SILT (ML/CL)
CLAYEY SANDY SILT (ML/CL)

0 / 20 / 80
0 / 45 / 55

Non-lithified; moderately to very cohesive; very moist
Non-lithified; moderately cohesive; saturated

4/1/5

(GRAVELLY) SILTY SAND (SM)

10 / 55 / 35

Non-lithified; non-cohesive; saturated

GRAVELLY SILTY SAND (SM)

30 / 40 / 30

Non-lithified; non-cohesive; saturated

SILTY SAND (SM)

0 / 55 / 45

Non-lithified; non-cohesive; very moist

SANDY SILT (ML)

SANDY SILT (ML)

0 / 45 / 55

Non-lithified; non-cohesive; very moist

0 / 40 / 60

Non-lithified; slightly cohesive; very moist

0 / 45 / 55

Non-lithified; slightly to moderately cohesive; very moist

0 / 40 / 60

Non-lithified; moderately cohesive; very moist

NO SAMPLE
40

(CLAYEY) SANDY SILT (ML)
NO SAMPLE

45

CLAYEY SANDY SILT (ML)
NO SAMPLE

50

SANDY SILT (ML)

6/7/8
5/8/8
4 / 6 / 10
10 / 13 / 13

NO SAMPLE
35

3/5/7
3/4/8

NO SAMPLE
30

2/3/5

TR / 35 / 65

Non-lithified; slightly cohesive; very moist

TD: 51.5 feet

5 / 5 / 10

6/9/9

9 / 15 / 16

9 / 17 / 21

11 / 17 / 19

55

60
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX B. LITHOLOGIC DESCRIPTIONS FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE CL-B1
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 2

DRILLING METHOD / COMPANY: Hollow-Stem Auger / Technicon

LOGGED BY: J. Laney / R. Johnson

DEPTH DRILLED: 51.5 feet

DATE DRILLED: 11/28/2016
NOMINAL BOREHOLE DIAMETER: 7.5 inches

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 2.0

NO SAMPLE.

2.0 - 3.0

SANDY SILT (ML): Very dark grayish brown [2.5Y3/2]; silt and clay 70%, very fine to
medium sand 30%. Non-lithified. Very slightly to slightly cohesive. Slightly moist. Reaction
to acid: strong.

3.0 - 6.0

SANDY SILT (ML): Very dark grayish brown [2.5Y3/2]; silt and clay 70%, very fine to
medium sand 30%. Non-lithified. Slightly cohesive. Moist. Reaction to acid: strong.

6.0 - 9.0

SILTY SAND (SM): Very dark grayish brown [2.5Y3/2]; very fine to medium sand 65%,
silt 35%. Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

9.0 - 12.5

SILTY SAND (SM): Dark grayish brown [10Y4/2]; very fine to coarse sand 70%, silt 30%.
Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

12.5 - 13.5

SANDY SILT (ML): Dark grayish brown [2.5Y4/2]; silt and clay 60%, very fine to medium
sand 40%. Non-lithified. Slightly cohesive. Moist. Reaction to acid: none.

13.5 - 16.0

SANDY SILT AND CLAY (CH): Dark grayish brown [2.5Y4/2]; silt and clay 75%, very
fine to medium sand 25%. Non-lithified. Very cohesive. Very moist. Reaction to acid: none.

16.0 - 17.0

SANDY CLAYEY SILT (ML/CL): Dark grayish brown [2.5Y4/2]; silt and clay 80%, very
fine to medium sand 20%. Non-lithified. Moderately to very cohesive. Very moist. Reaction
to acid: strong.

17.0 - 20.0

CLAYEY SANDY SILT (ML/CL): Dark grayish brown [2.5Y4/2]; silt and clay 55%, very
fine to medium sand 45%. Non-lithified. Moderately cohesive. Saturated. Reaction to acid:
none.

20.0 - 21.5

(GRAVELLY) SILTY SAND (SM): Olive brown [2.5Y4/4]; very fine to very coarse sand
55%, silt 35%, gravel 10%. Gravel fraction: subangular granules and pebbles to 0.5 inch.
Non-lithified. Non-cohesive. Saturated. Reaction to acid: none.

21.5 - 24.0

GRAVELLY SILTY SAND (SM): Olive brown [2.5Y4/4]; very fine to very coarse sand
40%, gravel 30%, silt 30%. Gravel fraction: subangular to subrounded granules and
pebbles to 0.5 inch. Non-lithified. Non-cohesive. Saturated. Reaction to acid: none.

24.0 - 26.5

SILTY SAND (SM): Dark grayish brown [2.5Y4/2]; very fine to very coarse sand 55%, silt
45%. Non-lithified. Non-cohesive. Very moist. Reaction to acid: none.

26.5 - 30.0

NO SAMPLE.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX B. LITHOLOGIC DESCRIPTIONS FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE CL-B1
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA
DEPTH
INTERVAL
(feet)

Page 2 of 2

DESCRIPTION

30.0 - 31.5

SANDY SILT (ML): Olive brown [2.5Y4/3]; silt 55%, very fine to very coarse sand 45%.
Non-lithified. Non-cohesive. Very moist. Reaction to acid: none.

31.5 - 35.0

NO SAMPLE.

35.0 - 36.5

SANDY SILT (ML): Dark grayish brown [10YR4/2]; silt and clay 60%, very fine to coarse
sand 40%. Non-lithified. Slightly cohesive. Very moist. Reaction to acid: none.

36.5 - 40.0

NO SAMPLE.

40.0 - 41.5

(CLAYEY) SANDY SILT (ML): Brown [10YR4/3]; silt and clay 55%, very fine to medium
sand 45%. Non-lithified. Slightly to moderately cohesive. Very moist. Reaction to acid:
none.

41.5 - 45.0

NO SAMPLE.

45.0 - 46.5

CLAYEY SANDY SILT (ML): Dark grayish brown [10Y4/2]; silt and clay 60%, very fine to
medium sand 40%. Non-lithified. Moderately cohesive. Very moist. Reaction to acid: none.

46.5 - 50.0

NO SAMPLE.

50.0 - 51.5

SANDY SILT (ML): Olive brown [2.5Y4/4]; silt and clay 65%, very fine to medium sand
35%, trace gravel. Gravel fraction: subrounded granules to 0.25 inch. Non-lithified. Slightly
cohesive. Very moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX B. GRAPHIC LOG FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE CL-B2
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA
DRILLING METHOD / COMPANY: Hollow-Stem Auger / Technicon

LOGGED BY: J. Laney / R. Johnson

DEPTH DRILLED: 53.0 feet

DATE DRILLED: 11/28/2016
NOMINAL BOREHOLE DIAMETER: 7.5 inches

DEPTH GRAPHIC
(feet)
LOG

5

10

GENERAL DESCRIPTION
NO SAMPLE

GRAVEL /SAND
/FINES PERCENT*

COMMENTS

SPT BLOWS PER
1.5 FEET

(CLAYEY) SANDY SILT (ML)

0 / 30 / 70

Non-lithified; slightly to moderately cohesive; slightly
moist

SANDY SILT (ML)
SANDY SILT (ML)

0 / 45 / 55
0 / 45 / 55

Non-lithified; slightly cohesive; moist
Non-lithified; slightly cohesive; moist

SILTY SAND (SM)

0 / 70 / 30

Non-lithified; non-cohesive; moist

(CLAYEY) SANDY SILT (ML)

0 / 35 / 65

Non-lithified; slightly to moderately cohesive; very moist

1/3/3
3/5/4

10 / 6 / 5
2/3/4
3/5/6
3/4/4
4/4/3
5/4/4

15

SILTY SAND (SM)

0 / 70 / 30

Non-lithified; non-cohesive; very moist

SILTY FINE SAND / SANDY SILT
(ML/SM)

0 / 50 / 50

Non-lithified; very slightly cohesive; very moist

SANDY SILT (ML)

0 / 45 / 55

Non-lithified; slightly cohesive; very moist; sediments
saturated from 22 to 22.5 ft

20

4/4/5
3/4/5
2/3/5
5/4/4

(SANDY) CLAYEY SILT (ML/CL)

0 / 15 / 85

Non-lithified; dense; moderately cohesive; very moist

25

3/4/6
3/6/7
7/8/8
3/7/8

30

35

SILT AND CLAY (CH)

0 / 10 / 90

Non-lithified; dense; very cohesive; very moist

CLAYEY SANDY SILT (ML/CL)
NO SAMPLE

0 / 30 / 70

Non-lithified; moderately cohesive; very moist

WELL GRADED SAND (SW)

0 / 90 / 10

Non-lithified; non-cohesive; moist

7/8/8
3/7/8

7 / 10 / 13
6/7/7

40

(SILTY) SAND (SW-SM)

0 / 85 / 15

Non-lithified; non-cohesive; moist

6 / 11 / 11
5/7/9

45

SILTY GRAVELLY SAND (SM)

25 / 55 / 20

Non-lithified; non-cohesive; moist

8 / 11 / 16

NO SAMPLE
50

(SILTY) SAND (SM-SW)

7 / 10 / 17

0 / 85 / 15

Non-lithified; non-cohesive; moist

TD: 53.0 feet

9 / 14 / 18
10 / 12 / 17

55

60
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX B. LITHOLOGIC DESCRIPTIONS FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE CL-B2
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 2

DRILLING METHOD / COMPANY: Hollow-Stem Auger / Technicon

LOGGED BY: J. Laney / R. Johnson

DEPTH DRILLED: 53.0 feet

DATE DRILLED: 11/28/2016
NOMINAL BOREHOLE DIAMETER: 7.5 inches

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 2.0

NO SAMPLE.

2.0 - 5.0

(CLAYEY) SANDY SILT (ML): Very dark grayish brown [2.5Y3/2]; silt and clay 70%, very
fine to medium sand 30%. Non-lithified. Slightly to moderately cohesive. Slightly moist.
Reaction to acid: very strong.

5.0 - 6.0

SANDY SILT (ML): Dark grayish brown [2.5Y4/2]; silt and clay 55%, very fine to medium
sand 45%. Non-lithified. Slightly cohesive. Moist. Reaction to acid: weak.

6.0 - 9.0

SANDY SILT (ML): Dark grayish brown [2.5Y4/2]; silt and clay 55%, very fine to medium
sand 45%. Non-lithified. Slightly cohesive. Moist. Reaction to acid: none.

9.0 - 12.0

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 70%, silt 30%.
Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

12.0 - 13.5

(CLAYEY) SANDY SILT (ML): Dark grayish brown [2.5Y4/2]; silt and clay 65%, very fine
to medium sand 35%. Non-lithified. Slightly to moderately cohesive. Very moist. Reaction
to acid: none.

13.5 - 15.0

SILTY SAND (SM): Dark grayish brown [2.5Y4/2]; very fine to coarse sand 70%, silt
30%. Non-lithified. Non-cohesive. Very moist. Reaction to acid: none.

15.0 - 18.0

SILTY FINE SAND / SANDY SILT (ML/SM): Dark grayish brown [2.5Y4/2]; very fine to
medium sand 50%, silt 50%. Non-lithified. Very slightly cohesive. Very moist. Reaction to
acid: none.

18.0 - 22.5

SANDY SILT (ML): Dark grayish brown [10YR4/2]; silt and clay 55%, very fine to
medium sand 45%. Non-lithified. Slightly cohesive. Very moist. Reaction to acid: none.
Sediments saturated from 22 to 22.5 ft.

22.5 - 30.0

(SANDY) CLAYEY SILT (ML/CL): Dark grayish brown [2.5Y4/2]; silt and clay 85%, very
fine to medium sand 15%. Non-lithified. Dense. Moderately cohesive. Very moist. Reaction
to acid: none.

30.0 - 32.5

SILT AND CLAY (CH): Dark grayish brown [2.5Y4/2]; silt and clay 90%, very fine to
medium sand 10%. Non-lithified. Dense. Very cohesive. Very moist. Reaction to acid:
weak to moderate.

32.5 - 33.0

CLAYEY SANDY SILT (ML/CL): Dark grayish brown [2.5Y4/2]; silt and clay 70%, very
fine to medium sand 30%. Non-lithified. Moderately cohesive. Very moist. Reaction to acid:
none.

33.0 - 35.0

NO SAMPLE.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX B. LITHOLOGIC DESCRIPTIONS FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE CL-B2
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA
DEPTH
INTERVAL
(feet)

Page 2 of 2

DESCRIPTION

35.0 - 40.0

WELL GRADED SAND (SW): Dark grayish brown [2.5Y4/2]; very fine to very coarse
sand 90%, silt 10%. Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

40.0 - 45.0

(SILTY) SAND (SW-SM): Dark grayish brown [2.5Y4/2]; fine to very coarse sand 85%,
silt 15%. Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

45.0 - 48.0

SILTY GRAVELLY SAND (SM): Dark grayish brown [2.5Y4/2]; fine to very coarse sand
55%, gravel 25%, silt 20%. Gravel fraction: subangular to subrounded pebbles to 1.0 inch.
Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

48.0 - 50.0

NO SAMPLE.

50.0 - 53.0

(SILTY) SAND (SM-SW): Dark grayish brown [2.5Y4/2]; fine to very coarse sand 85%,
silt 15%. Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX B. GRAPHIC LOG FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE CL-B3
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA
DRILLING METHOD / COMPANY: Hollow-Stem Auger / Technicon

LOGGED BY: J. Laney / R. Johnson

DEPTH DRILLED: 51.5 feet

DATE DRILLED: 11/29/2016
NOMINAL BOREHOLE DIAMETER: 7.5 inches

DEPTH GRAPHIC
(feet)
LOG

5

GENERAL DESCRIPTION
NO SAMPLE

GRAVEL /SAND
/FINES PERCENT*

COMMENTS

SILTY SAND (SM)

0 / 60 / 40

Non-lithified; slightly cohesive; slightly moist

SILTY SAND (SM)

0 / 80 / 20

Non-lithified; non-cohesive; moist

SPT BLOWS PER
1.5 FEET

9/7/6
8/8/7
3/4/3
2/3/4
2/4/4

10

5/6/7
4/5/7
15

20

(CLAYEY) SILTY SAND (SM)

0 / 60 / 40

Non-lithified; slightly to moderately cohesive; moist

5/7/7

(SILTY) SAND (SW-SM)

0 / 85 / 15

Non-lithified; non-cohesive; moist

2/4/6

SILTY FINE SAND (SM)

0 / 80 / 20

Non-lithified; non-cohesive; moist

4/6/7
3/4/5

25
3/5/5

30

CLAYEY SANDY SILT (ML/CL)

0 / 35 / 65

Non-lithified; moderately cohesive; saturated; includes
sandy strata

3/3/5
3/4/4

35

SILTY FINE SAND (SM)

0 / 80 / 20

Non-lithified; non-cohesive; moist
4 / 8 / 11
5 / 7 / 10

NO SAMPLE
40

SANDY SILT (ML)

0 / 45 / 55

Non-lithified; slightly cohesive; moist

10 / 18 / 17
11 / 14 / 18

45

SILTY SAND (SM)

0 / 60 / 40

Non-lithified; slightly cohesive; moist; includes weakly
lithified strata

8 / 13 / 27
10 / 15 / 21

50

SILTY SAND (SM)
TD: 51.5 feet

0 / 80 / 20

Non-lithified; non-cohesive; moist; includes weakly
lithified strata

13 / 21 / 17

55

60
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX B. LITHOLOGIC DESCRIPTIONS FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE CL-B3
CREAMLINE BASIN SOUTHEAST CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA
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DRILLING METHOD / COMPANY: Hollow-Stem Auger / Technicon

LOGGED BY: J. Laney / R. Johnson

DEPTH DRILLED: 51.5 feet

DATE DRILLED: 11/29/2016
NOMINAL BOREHOLE DIAMETER: 7.5 inches

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 2.0

NO SAMPLE.

2.0 - 4.5

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 60%, silt and
clay 40%. Non-lithified. Slightly cohesive. Slightly moist. Reaction to acid: none.

4.5 - 15.5

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 80%, silt 20%.
Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

15.5 - 17.0

(CLAYEY) SILTY SAND (SM): Dark grayish brown [2.5Y4/2]; fine to very coarse sand
60%, silt and clay 40%. Non-lithified. Slightly to moderately cohesive. Moist. Reaction to
acid: none.

17.0 - 20.0

(SILTY) SAND (SW-SM): Dark yellowish brown [10YR3/4]; fine to very coarse sand
85%, silt 15%. Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

20.0 - 29.0

SILTY FINE SAND (SM): Olive brown [2.5Y4/4]; very fine to medium sand 80%, silt
20%. Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

29.0 - 34.0

CLAYEY SANDY SILT (ML/CL): Dark grayish brown [10YR4/2]; silt and clay 65%, very
fine to medium sand 35%. Non-lithified. Moderately cohesive. Saturated. Reaction to acid:
none. Includes sandy strata.

34.0 - 38.0

SILTY FINE SAND (SM): Dark yellowish brown [10YR3/6]; very fine to medium sand
80%, silt 20%. Non-lithified. Non-cohesive. Moist. Reaction to acid: none. Abrupt color
change to "orange".

38.0 - 40.0

NO SAMPLE.

40.0 - 45.0

SANDY SILT (ML): Olive brown [2.5Y4/4]; silt and clay 55%, very fine to medium sand
45%. Non-lithified. Slightly cohesive. Moist. Reaction to acid: none.

45.0 - 50.0

SILTY SAND (SM): Olive brown [2.5Y4/4]; very fine to coarse sand 60%, silt and clay
40%. Non-lithified. Slightly cohesive. Moist. Reaction to acid: none. Includes weakly
lithified strata.

50.0 - 51.5

SILTY SAND (SM): Olive brown [2.5Y4/4]; very fine to coarse sand 80%, silt 20%.
Non-lithified. Non-cohesive. Moist. Reaction to acid: none. Includes weakly lithified strata.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX B. GRAPHIC LOG FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE NO. 6-B1
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA
DRILLING METHOD / COMPANY: Hollow-Stem Auger / Technicon

LOGGED BY: J. Laney / R. Johnson

DEPTH DRILLED: 51.5 feet

DATE DRILLED: 11/29/2016
NOMINAL BOREHOLE DIAMETER: 7.5 inches

DEPTH GRAPHIC
(feet)
LOG

GENERAL DESCRIPTION
POORLY-GRADED SAND (SP)

GRAVEL /SAND
/FINES PERCENT*
TR / 90 / 10

COMMENTS
Non-lithified; non-cohesive; slightly moist

SPT BLOWS PER
1.5 FEET

2/3/4
5

2/3/3
WELL-GRADED SAND (SW)

0 / 90 / 10

Non-lithified; non-cohesive; slightly moist; includes
strata of coarser sand

5/5/5
2/2/3

10
2/5/3
3/4/4
15
6/7/8
5/7/9
20

(CLAYEY) SANDY SILT (ML)

0 / 45 / 55

Non-lithified; slightly to moderately cohesive; moist

19 / 17 / 17
7 / 10 / 12

25

(CLAYEY) SANDY SILT (ML)

0 / 20 / 80

Non-lithified; slightly to moderately cohesive; moist

1/5/9
3 / 5 / 11

30

SANDY SILT AND CLAY (CH/CL)
SANDY SILT AND CLAY (CH/CL)

0 / 35 / 65
0 / 30 / 70

Non-lithified; moderately to very cohesive; moist to very
moist
Non-lithified; moderately to very cohesive; very moist

SILTY SAND (SM)

0 / 80 / 20

Non-lithified; non-cohesive; slightly moist

(CLAYEY) SANDY SILT (ML)

0 / 40 / 60

Non-lithified; slightly to moderately cohesive; moist

NO SAMPLE
35

40

SILTY SAND (SM)

0 / 80 / 20

Non-lithified; non-cohesive; moist

0 / 90 / 10

Non-lithified; non-cohesive; slightly moist

NO SAMPLE
50

WELL-GRADED SAND (SW)

7 / 9 / 14

7/7/9

7 / 15 / 17
6 / 14 / 16

NO SAMPLE
45

5 / 7 / 15

TD: 51.5 feet

11 / 17 / 22

11 / 22 / 28

55

60
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX B. LITHOLOGIC DESCRIPTIONS FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE NO. 6-B1
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

DRILLING METHOD / COMPANY: Hollow-Stem Auger / Technicon

LOGGED BY: J. Laney / R. Johnson

DEPTH DRILLED: 51.5 feet

DATE DRILLED: 11/29/2016
NOMINAL BOREHOLE DIAMETER: 7.5 inches

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 5.5

POORLY-GRADED SAND (SP): Dark olive brown [2.5Y3/3]; fine to medium sand 90%,
silt 10%, trace gravel. Gravel fraction: subangular to subrounded granules to 0.25 inch.
Non-lithified. Non-cohesive. Slightly moist. Reaction to acid: none.

5.5 - 20.0

WELL-GRADED SAND (SW): Olive brown [2.5Y4/4]; very fine to very coarse sand 90%,
silt 10%. Non-lithified. Non-cohesive. Slightly moist. Reaction to acid: none. Includes strata
of coarser sand.

20.0 - 25.5

(CLAYEY) SANDY SILT (ML): Olive brown [2.5Y4/4]; silt and clay 55%, very fine to
medium sand 45%. Non-lithified. Slightly to moderately cohesive. Moist. Reaction to acid:
very strong.

25.5 - 30.0

(CLAYEY) SANDY SILT (ML): Olive brown [2.5Y4/4]; silt and clay 80%, very fine to
medium sand 20%. Non-lithified. Slightly to moderately cohesive. Moist. Reaction to acid:
weak.

30.0 - 31.0

SANDY SILT AND CLAY (CH/CL): Olive brown [2.5Y4/4]; silt and clay 65%, very fine to
medium sand 35%. Non-lithified. Moderately to very cohesive. Moist to very moist.
Reaction to acid: none.

31.0 - 33.0

SANDY SILT AND CLAY (CH/CL): Light olive brown [2.5Y5/4]; silt and clay 70%, very
fine to medium sand 30%. Non-lithified. Moderately to very cohesive. Very moist. Reaction
to acid: none.

33.0 - 35.0

NO SAMPLE .

35.0 - 40.0

SILTY SAND (SM): Olive brown [2.5Y4/4]; very fine to medium sand 80%, silt 20%.
Non-lithified. Non-cohesive. Slightly moist. Reaction to acid: none.

40.0 - 43.0

(CLAYEY) SANDY SILT (ML): Olive brown [2.5Y4/4]; silt and clay 60%, very fine to
medium sand 40%. Non-lithified. Slightly to moderately cohesive. Moist. Reaction to acid:
none.

43.0 - 45.0

NO SAMPLE .

45.0 - 46.5

SILTY SAND (SM): Light olive brown [2.5Y5/4]; fine to very coarse sand 80%, silt 20%.
Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

46.5 - 50.0

NO SAMPLE .

50.0 - 51.5

WELL-GRADED SAND (SW): Olive brown [2.5Y4/4]; very fine to very coarse sand 90%,
silt 10%. Non-lithified. Non-cohesive. Slightly moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX B. GRAPHIC LOG FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE NO. 6-B2
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA
DRILLING METHOD / COMPANY: Hollow-Stem Auger / Technicon

LOGGED BY: J. Laney / R. Johnson

DEPTH DRILLED: 51.5 feet

DATE DRILLED: 11/29/2016
NOMINAL BOREHOLE DIAMETER: 7.5 inches

DEPTH GRAPHIC
(feet)
LOG

5

GENERAL DESCRIPTION
NO SAMPLE

GRAVEL /SAND
/FINES PERCENT*

COMMENTS

(CLAYEY) SANDY SILT (ML)

0 / 30 / 70

Non-lithified; slightly to moderately cohesive; slightly
moist

SILTY SAND (SM)

0 / 70 / 30

Non-lithified; non-cohesive; moist

SPT BLOWS PER
1.5 FEET

6/9/8
7/6/7
2/5/5
2/3/3
3/4/4

10

3/5/6
2/5/8
15

20

(CLAYEY) SANDY SILT (ML)
SILTY FINE SAND (SM)
SILT (ML)
FINE SANDY SILT (ML)

0 / 45 / 55
0 / 70 / 30
0 / 10 / 90
0 / 45 / 55

Non-lithified; slightly to moderately cohesive; moist
Non-lithified; non-cohesive; moist
Non-lithified; very slightly cohesive; moist
Non-lithified; slightly cohesive; moist

CLAYEY SANDY SILT (ML/CL)
SILTY SAND (SM)

0 / 45 / 55
0 / 55 / 45

Non-lithified; moderately to very cohesive; moist
Non-lithified; slightly cohesive; moist

6 / 7 / 10
4 / 12 / 12
3 / 10 / 10
3 / 11 / 4
3 / 7 / 10

25
2/4/6
3/6/9
30

35

SILTY SAND / SANDY SILT
(SM/ML)

0 / 50 / 50

Non-lithified; non-cohesive; moist

SANDY SILT (ML)

0 / 40 / 60

Non-lithified; non-cohesive; moist

SANDY SILT AND CLAY (CL/CH)

0 / 40 / 60

Non-lithified; moderately to very cohesive; moist

0 / 70 / 30

Non-lithified; non-cohesive; moist

0 / 70 / 30

Non-lithified; very slightly cohesive; moist

NO SAMPLE
45

SILTY FINE SAND (SM)
NO SAMPLE

50

SILTY SAND (SM)

4/5/8
5 / 7 / 10

NO SAMPLE
40

2/6/8

TD: 51.5 feet

6 / 12 / 17

8 / 20 / 17

16 / 23 / 22

55

60
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX B. LITHOLOGIC DESCRIPTIONS FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE NO. 6-B2
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 2

DRILLING METHOD / COMPANY: Hollow-Stem Auger / Technicon

LOGGED BY: J. Laney / R. Johnson

DEPTH DRILLED: 51.5 feet

DATE DRILLED: 11/29/2016
NOMINAL BOREHOLE DIAMETER: 7.5 inches

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 2.0

NO SAMPLE .

2.0 - 5.5

(CLAYEY) SANDY SILT (ML): Dark grayish brown [2.5Y4/2]; silt and clay 70%, very fine
to medium sand 30%. Non-lithified. Slightly to moderately cohesive. Slightly moist.
Reaction to acid: none.

5.5 - 15.5

SILTY SAND (SM): Olive brown [2.5Y4/3]; very fine to coarse sand 70%, silt 30%.
Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

15.5 - 16.0

(CLAYEY) SANDY SILT (ML): Dark grayish brown [2.5Y4/2]; silt and clay 55%, very fine
to medium sand 45%. Non-lithified. Slightly to moderately cohesive. Moist. Reaction to
acid: none.

16.0 - 16.5

SILTY FINE SAND (SM): Dark olive brown [2.5Y3/3]; very fine to medium sand 70%, silt
30%. Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

16.5 - 17.0

SILT (ML): Olive brown [2.5Y4/3]; silt 90%, very fine to fine sand 10%. Non-lithified. Very
slightly cohesive. Moist. Reaction to acid: none.

17.0 - 21.0

FINE SANDY SILT (ML): Dark grayish brown [2.5Y4/2]; silt and clay 55%, very fine to
medium sand 45%. Non-lithified. Slightly cohesive. Moist. Reaction to acid: none.

21.0 - 21.5

CLAYEY SANDY SILT (ML/CL): Olive brown [2.5Y4/3]; silt and clay 55%, very fine to
medium sand 45%. Non-lithified. Moderately to very cohesive. Moist. Reaction to acid:
none.

21.5 - 30.0

SILTY SAND (SM): Olive brown [2.5Y4/3]; fine to very coarse sand 55%, silt and clay
45%. Non-lithified. Slightly cohesive. Moist. Reaction to acid: moderate to strong.

30.0 - 35.0

SILTY SAND / SANDY SILT (SM/ML): Dark yellowish brown [10YR4/4]; fine to very
coarse sand 50%, silt 50%. Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

35.0 - 38.0

SANDY SILT (ML): Olive brown [2.5Y4/4]; silt 60%, fine to very coarse sand 40%.
Non-lithified. Non-cohesive. Moist. Reaction to acid: none. Includes thin strata of higher silt
content and orange mottles.

38.0 - 40.0

NO SAMPLE .

40.0 - 41.5

SANDY SILT AND CLAY (CL/CH): Dark grayish brown [10Y4/2]; silt and clay 60%, very
fine to medium sand 40%. Non-lithified. Moderately to very cohesive. Moist. Reaction to
acid: none.

41.5 - 45.0

NO SAMPLE .

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX B. LITHOLOGIC DESCRIPTIONS FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE NO. 6-B2
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA
DEPTH
INTERVAL
(feet)

Page 2 of 2

DESCRIPTION

45.0 - 46.5

SILTY FINE SAND (SM): Olive brown [2.5Y4/3]; very fine to medium sand 70%, silt
30%. Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

46.5 - 50.0

NO SAMPLE .

50.0 - 51.5

SILTY SAND (SM): Brown [10YR4/3]; fine to very coarse sand 70%, silt 30%.
Non-lithified. Very slightly cohesive. Moist. Reaction to acid: none. Includes orange
mottles.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX B. GRAPHIC LOG FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE NO. 6-B3
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA
DRILLING METHOD / COMPANY: Hollow-Stem Auger / Technicon

LOGGED BY: J. Laney / R. Johnson

DEPTH DRILLED: 51.5 feet

DATE DRILLED: 11/30/2016
NOMINAL BOREHOLE DIAMETER: 7.5 inches

DEPTH GRAPHIC
(feet)
LOG

5

GENERAL DESCRIPTION
SANDY SILT / SILTY SAND
(ML/SM)

SILTY SAND (SM)

GRAVEL /SAND
/FINES PERCENT*

COMMENTS

0 / 60 / 40

Non-lithified; slightly cohesive; moist

0 / 85 / 15

Non-lithified; non-cohesive; moist

NO SAMPLE
10

(SILTY) POORLY-GRADED SAND
(SM-SP)

SPT BLOWS PER
1.5 FEET

9/4/8

3/8/9
4/7/8

15

(CLAYEY) SANDY SILT (ML)

0 / 20 / 80

Non-lithified; slightly to moderately cohesive; moist

6/6/7
5 / 6 / 11

20

25

30

3/4/4

SANDY SILT (ML)

0 / 35 / 65

Non-lithified; slightly cohesive; moist

SILTY SAND (SM)

0 / 65 / 35

Non-lithified; very slightly cohesive; moist

SANDY SILT (ML)

0 / 30 / 70

Non-lithified; slightly cohesive; moist

3/7/6

SANDY SILT (ML)

0 / 45 / 55

Non-lithified; slightly cohesive; moist; includes thin
strata of higher silt content

3/9/9

5 / 9 / 15
7 / 9 / 12
9 / 12 / 10

10 / 12 / 15

35
6 / 10 / 11

40

45

(CLAYEY) SANDY SILT (ML)

0 / 25 / 75

Non-lithified; slightly to moderately cohesive; very moist

(SILTY) FINE SAND (SM)

0 / 85 / 15

Non-lithified; non-cohesive; very moist

8 / 9 / 10

SILT (ML)

0 / 10 / 90

Non-lithified; slightly cohesive; very moist

7/9/9

0 / 90 / 10

Non-lithified; non-cohesive; moist

3 / 10 / 10

NO SAMPLE
50

FINE SAND (SP)
TD: 51.5 feet

14 / 17 / 18

55

60
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX B. LITHOLOGIC DESCRIPTIONS FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE NO. 6-B3
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA
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DRILLING METHOD / COMPANY: Hollow-Stem Auger / Technicon

LOGGED BY: J. Laney / R. Johnson

DEPTH DRILLED: 51.5 feet

DATE DRILLED: 11/30/2016
NOMINAL BOREHOLE DIAMETER: 7.5 inches

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 5.0

SANDY SILT / SILTY SAND (ML/SM).

5.0 - 6.5

SILTY SAND (SM): Dark grayish brown [2.5Y4/2]; fine to very coarse sand 60%, silt and
clay 40%. Non-lithified. Slightly cohesive. Moist. Reaction to acid: none.

6.5 - 10.0

NO SAMPLE .

10.0 - 15.5

(SILTY) POORLY-GRADED SAND (SM-SP): Grayish brown [2.5Y5/2]; very fine to
medium sand 85%, silt 15%. Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

15.5 - 21.0

(CLAYEY) SANDY SILT (ML): Dark grayish brown [2.5Y4/2]; silt and clay 80%, very fine
to coarse sand 20%. Non-lithified. Slightly to moderately cohesive. Moist. Reaction to acid:
weak.

21.0 - 24.5

SANDY SILT (ML): Dark grayish brown [2.5Y4/2]; silt and clay 65%, very fine to medium
sand 35%. Non-lithified. Slightly cohesive. Moist. Reaction to acid: none.

24.5 - 27.5

SILTY SAND (SM): Olive brown [2.5Y4/4]; fine to very coarse sand 65%, silt 35%.
Non-lithified. Very slightly cohesive. Moist. Reaction to acid: none.

27.5 - 30.5

SANDY SILT (ML): Olive brown [2.5Y4/4]; silt and clay 70%, very fine to medium sand
30%. Non-lithified. Slightly cohesive. Moist. Reaction to acid: none.

30.5 - 40.0

SANDY SILT (ML): Olive brown [2.5Y4/4]; silt and clay 55%, very fine to coarse sand
45%. Non-lithified. Slightly cohesive. Moist. Reaction to acid: none. Includes thin strata of
higher silt content.

40.0 - 42.5

(CLAYEY) SANDY SILT (ML): Dark grayish brown [2.5Y4/2]; silt and clay 75%, very fine
to medium sand 25%. Non-lithified. Slightly to moderately cohesive. Very moist. Reaction
to acid: none.

42.5 - 45.5

(SILTY) FINE SAND (SM): Olive brown [2.5Y4/4]; very fine to medium sand 85%, silt
15%. Non-lithified. Non-cohesive. Very moist. Reaction to acid: none.

45.5 - 48.0

SILT (ML): Olive brown [2.5Y4/3]; silt and clay 90%, very fine to medium sand 10%.
Non-lithified. Slightly cohesive. Very moist. Reaction to acid: none.

48.0 - 50.0

NO SAMPLE .

50.0 - 51.5

FINE SAND (SP): Olive brown [2.5Y4/3]; very fine to medium sand 90%, silt 10%.
Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX B. GRAPHIC LOG FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE NO. 6-B4
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA
DRILLING METHOD / COMPANY: Hollow-Stem Auger / Technicon

LOGGED BY: J. Laney / R. Johnson

DEPTH DRILLED: 40.0 feet

DATE DRILLED: 11/30/2016
NOMINAL BOREHOLE DIAMETER: 7.5 inches

DEPTH GRAPHIC
(feet)
LOG

5

GENERAL DESCRIPTION
NO SAMPLE

SILTY SAND (SM)

GRAVEL /SAND
/FINES PERCENT*

COMMENTS

0 / 70 / 30

Non-lithified; non-cohesive; slightly moist

0 / 80 / 20

Non-lithified; non-cohesive; moist

NO SAMPLE
10

SILTY SAND (SM)

SPT BLOWS PER
1.5 FEET

20 / 15 / 9

3/4/7
5/6/7
15
3/9/7

20

25

30

CLAYEY SANDY SILT (ML/CL)

0 / 40 / 60

Non-lithified; moderately cohesive; moist

SILTY SAND (SM)

10 / 70 / 20

Non-lithified; non-cohesive; moist

CLAYEY SANDY SILT / SILTY
SAND (ML/SM)

0 / 50 / 50

Non-lithified; moderately cohesive; moist

SANDY SILT (ML)

0 / 20 / 80

Non-lithified; slightly cohesive; moist

SILTY SAND (SM)

0 / 70 / 30

Non-lithified; non-cohesive; moist

SILTY SAND (SM)

0 / 80 / 20

Non-lithified; non-cohesive; moist

3/6/6

9 / 11 / 15
13 / 14 / 13

2/-/6 / 8 / 15

9 / 11 / 16

35
6/7/9

NO SAMPLE
40

SILTY SAND (SM)
TD: 40.0 feet

0 / 70 / 30

Non-lithified; non-cohesive; moist; sample consists of
drill cuttings and may not be representative

45

50

55

60
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX B. LITHOLOGIC DESCRIPTIONS FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE NO. 6-B4
BASIN NO. 6 NORTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA

Page 1 of 1

DRILLING METHOD / COMPANY: Hollow-Stem Auger / Technicon

LOGGED BY: J. Laney / R. Johnson

DEPTH DRILLED: 40.0 feet

DATE DRILLED: 11/30/2016
NOMINAL BOREHOLE DIAMETER: 7.5 inches

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 5.0

NO SAMPLE .

5.0 - 6.5

SILTY SAND (SM): Brown [10YR4/3]; very fine to coarse sand 70%, silt 30%.
Non-lithified. Non-cohesive. Slightly moist. Reaction to acid: none.

6.5 - 9.0

NO SAMPLE .

9.0 - 17.0

SILTY SAND (SM): Brown [10YR4/3]; fine to very coarse sand 80%, silt 20%.
Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

17.0 - 19.0

CLAYEY SANDY SILT (ML/CL): Dark grayish brown [2.5Y4/2]; silt and clay 60%, very
fine to medium sand 40%. Gravel fraction: subrounded granules to 0.25 inch. Non-lithified.
Moderately cohesive. Moist. Reaction to acid: none.

19.0 - 21.5

SILTY SAND (SM): Dark grayish brown [2.5Y4/2]; fine to very coarse sand 70%, silt
20%, gravel 10%. Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

21.5 - 25.0

CLAYEY SANDY SILT / SILTY SAND (ML/SM): Brown [10YR4/3]; fine to very coarse
sand 50%, silt and clay 50%. Non-lithified. Moderately cohesive. Moist. Reaction to acid:
none.

25.0 - 27.0

SANDY SILT (ML): Olive brown [2.5Y4/3]; silt and clay 80%, very fine to medium sand
20%. Non-lithified. Slightly cohesive. Moist. Reaction to acid: none.

27.0 - 30.0

SILTY SAND (SM): Brown [10YR4/3]; very fine to coarse sand 70%, silt 30%.
Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

30.0 - 36.5

SILTY SAND (SM): Brown [10YR4/3]; very fine to coarse sand 80%, silt 20%.
Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

36.5 - 40.0

NO SAMPLE .

40.0 - 40.0

SILTY SAND (SM): Dark olive brown [2.5Y3/3]; very fine to coarse sand 70%, silt 30%.
Non-lithified. Non-cohesive. Moist. Reaction to acid: none. Sample consists of drill cuttings
and may not be representative.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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APPENDIX B. GRAPHIC LOG FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE NO. 6-B5
BASIN NO. 6 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA
DRILLING METHOD / COMPANY: Hollow-Stem Auger / Technicon

LOGGED BY: J. Laney / R. Johnson

DEPTH DRILLED: 31.5 feet

DATE DRILLED: 11/30/2016
NOMINAL BOREHOLE DIAMETER: 7.5 inches

DEPTH GRAPHIC
(feet)
LOG

5

GENERAL DESCRIPTION
SANDY SILT (ML)

GRAVEL /SAND
/FINES PERCENT*
0 / 25 / 75

CLAYEY SANDY SILT (ML/CL)

0 / 20 / 80

Non-lithified; moderately cohesive; moist

(SILTY) SAND (SP-SM)

0 / 85 / 15

Non-lithified; non-cohesive; moist

COMMENTS
Non-lithified; slightly cohesive; slightly moist

SPT BLOWS PER
1.5 FEET

10
3/4/6
3/6/6

15

5/8/9

20
3/6/8
SILTY SAND (SM)

0 / 70 / 30

Non-lithified; non-cohesive; moist

SANDY SILT AND CLAY (CH)

0 / 20 / 80

Non-lithified; very cohesive; very moist to saturated

NO SAMPLE
SILTY SAND (SM)

0 / 80 / 20

Non-lithified; non-cohesive; moist

3/4/4

25

30

4/3/8

TD: 31.5 feet
35

40

45

50

55

60
* Gravel/sand division based on Wentworth scale; grain size fractions estimated using manual field methods.
Trace represented by "tr".
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APPENDIX B. LITHOLOGIC DESCRIPTIONS FOR
SPLIT-SPOON SAMPLES FROM EXPLORATION BOREHOLE NO. 6-B5
BASIN NO. 6 SOUTH CELL
TULARE IRRIGATION DISTRICT, CALIFORNIA
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DRILLING METHOD / COMPANY: Hollow-Stem Auger / Technicon

LOGGED BY: J. Laney / R. Johnson

DEPTH DRILLED: 31.5 feet

DATE DRILLED: 11/30/2016
NOMINAL BOREHOLE DIAMETER: 7.5 inches

DEPTH
INTERVAL
(feet)

DESCRIPTION

0.0 - 5.0

SANDY SILT (ML): Dark grayish brown [2.5Y4/2]; silt and clay 75%, very fine to medium
sand 25%. Non-lithified. Slightly cohesive. Slightly moist. Reaction to acid: very strong.

5.0 - 12.0

CLAYEY SANDY SILT (ML/CL): Dark grayish brown [2.5Y4/2]; silt and clay 80%, very
fine to medium sand 20%. Non-lithified. Moderately cohesive. Moist. Reaction to acid:
moderate.

12.0 - 23.0

(SILTY) SAND (SP-SM): Grayish brown [2.5Y5/2]; very fine to medium sand 85%, silt
15%. Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

23.0 - 26.0

SILTY SAND (SM): Dark grayish brown [2.5Y4/2]; fine to very coarse sand 70%, silt
30%. Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

26.0 - 29.0

SANDY SILT AND CLAY (CH): Dark grayish brown [2.5Y4/2]; silt and clay 80%, very
fine to medium sand 20%. Non-lithified. Very cohesive. Very moist to saturated. Reaction
to acid: none.

29.0 - 30.0

NO SAMPLE .

30.0 - 31.5

SILTY SAND (SM): Dark grayish brown [2.5Y4/2]; fine to very coarse sand 80%, silt
20%. Non-lithified. Non-cohesive. Moist. Reaction to acid: none.

Gravel/sand division based on Wentworth scale. Grain size fractions estimated using manual field methods.
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Appendix C

Laboratory Reports for Soil Physical and Hydraulic Analyses

LABORATORY SERVICES REPORT
Report
Number:
Service
Date:
Report
Date:
Task:

63081128.0013
10/14/16
11/11/16
Project 1465.03

355 S Euclid Ave Ste 107
Tucson, AZ 85719-6654
520-770-1789

Client

Project

Montgomery & Associates
Attn: Jeff Meyer
1550 East Prince Rd
Tucson, AZ 85719

Miscellaneous Projects
Various Locations
Tucson, AZ
Project Number:

63081128

GRADATION (PERCENT PASSING)
LOCATION

1 1/2”

1”

3/4”

1/2”

3/8’’

#4

#8

#10

#16

#30

#40

#50

#100

#200

LL

PI

CL-1-0.6-1.5

100

98

87

78

69

59

46.1

28

8

CL-2-1.4-3

100

99

97

96

94

84

52.3

NP

CL-3-1.8-3

100

99

93

87

80

70
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Integration of InSAR with Airborne Geophysical Data
for the Development of Groundwater Models
Decision-Making Activity; Description and Role or Authority of Water Resources Partner
Climate change and population growth are increasing concerns about the depletion of
groundwater in the western U.S. Among all states, California uses the most groundwater,
extracting on average 30 cubic kilometers per year. In 2014, the California Legislature passed
the Sustainable Groundwater Management Act (SGMA). Local agencies, referred to as
Groundwater Sustainability Agencies (GSAs), are responsible for achieving sustainability, with
plans due in 2020 or 2022 for the original 127 medium and high priority basins. As a way of
defining sustainability, SGMA lists six “undesirable effects” associated with groundwater use:
chronic lowering of water levels, significant and unreasonable reduction of groundwater storage,
significant and unreasonable seawater intrusion, significant and unreasonable degraded water
quality, significant and unreasonable land subsidence, depletions of interconnected surface
water. The management challenge, within any GSA, is to assess possible risks to the long-term
sustainability of the groundwater resource, and to decide on the management actions required
(e.g. the location, timing and magnitude of groundwater pumping or aquifer recharge) so as to
avoid the undesirable effects.
The decision-making activity to be enhanced through this project is the development
of the groundwater model. Developing the groundwater model is a key decision-making
activity, as it provides the modeling tools required to predict and assess changing conditions (e.g.
climate, land use) and the outcomes of possible alternate water management actions; so is thus
the foundation on which to build effective groundwater management. Enhancing this decisionmaking activity directly supports decision-making, within the GSAs, related to sustainable
groundwater management.
The groundwater model should be a 3D lithologic model capturing the spatial
heterogeneity of the subsurface at the spatial resolution needed as input for flow modeling,
parameterized in terms of the hydraulic properties required to model flow (e.g. hydraulic
conductivity, porosity, specific yield, and specific storage under elastic and inelastic conditions),
and capturing the various stores and fluxes in the represented system. There are a number of
groundwater models in various stages of development in California. These models include
C2VSIM developed by the California Department of Water Resources (DWR), the Central
Valley Hydrologic Model (CVHM) developed by the U.S. Geological Survey (USGS) (Faunt et
al., 2009), and local models developed by the GSAs and their consultants. With California’s
SGMA groundwater legislation, the newly established GSAs are given authority to limit
groundwater use to ensure sustainability, so high-quality data at scales and depths relevant to
these agencies are of great importance for inclusion in the groundwater models. However, most
existing models utilize limited geologic data at depths relevant to these agencies; the prediction
accuracy of all of the available models needs to be significantly improved in order to have
confidence in the groundwater management plans that are developed using these models to
support decision-making.
There is a critical need for more data to inform groundwater models. But the currently
employed, traditional methods of acquiring data, through the drilling of wells with testing and
logging, are slow, expensive and insufficient in terms of data coverage. What we propose is to
improve the quality, and thus the usefulness, of groundwater models by incorporating
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information derived from interferometric synthetic aperture radar (InSAR) data and airborne
electromagnetic (AEM) data. We will develop a methodology that will update the CVHM, and
obtain groundwater models, to a depth of ~500 m, with the required spatial resolution and
hydrologic/geomechanical properties so as to provide accurate predictions of groundwater flow
and pumping-induced aquifer system compaction and resulting subsidence. These accurate
predictions are an essential component of the decision-making required for the development of
sustainable groundwater management plans.
We are partnering in this project with GSAs and their consultants, directly engaged in
SGMA implementation. The new methodology that we will develop, for the decision-making
activity of generating a groundwater model, will directly serve GSAs as end-users who can adopt
these models, particularly their supporting datasets, to support the decision-making required
through SGMA to attain sustainable groundwater management. We will be working with the
GSA of Butte County, interacting directly with Paul Gosselin (Director) and Christina Buck
(Assistant Director) of the Butte County Department of Water and Resource Conservation. Our
second study area is the Kaweah Basin. Here we are working with three GSAs (mid-Kaweah,
greater Kaweah, and east Kaweah) and their consultants. Our interaction will be primarily
through GEI Consultants who are responsible for the development of the groundwater model of
the Kaweah Basin; Chris Petersen with GEI is acting as our main point of contact and coordinating activities and communication with the larger group. By project end, our partner GSAs
will have in place improved groundwater models that can be used, in conjunction with any
existing local models, to support the development and future implementation of their required
sustainable groundwater management plans. In addition, we will have documented our workflow
so that any GSA with access to the various forms of required input data would be able to use our
methodology to develop their local groundwater model. We have supporting letters from Butte
County and from the three GSAs in the Kaweah Basin.
At the state level, we are partnering with the California Department of Water Resources
(DWR) and the State Water Resources Control Board (the Board), and have supporting letters
from these two agencies. Under SGMA, DWR is specifically tasked with the development,
implementation, and technical evaluation of the regulations to modify basin boundaries and
develop groundwater sustainability plans. DWR also has financial and technical assistance
obligations. The Board carries the responsibility of stepping in to manage groundwater once
DWR has deemed that a groundwater sustainability plan is inadequate and not reasonably
capable of reaching sustainability. The Board's role is referred to as state intervention and is
intended to be a backstop to ensure the resource is protected. Partnering with these two agencies,
in addition to the GSAs, will ensure that the product that we produce contributes significantly to
the current challenges faced in sustainable groundwater management.
The proposed project will be conducted by working closely with GSAs in two areas in
the Central Valley of California utilizing one of the available regional groundwater models; but
we note that the methods that we will develop are readily transferrable to other geographic areas
and other numerical models.
NASA Earth Observations, Models and Datasets
We begin our work with the CVHM. This will be the starting groundwater model for our
work with Butte County; in the Kaweah Basin, we will work with the “Kaweah model”, an
updated version of the CVHM. CVHM is a numerical model that accounts for integrated,
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variable water supply and demand, and simulates surface-water and groundwater flow, and
subsidence across the Central Valley system (Faunt, 2009) on a monthly basis. This model was
developed at scales relevant to water management decisions for the entire Central Valley aquifer
system so has one square mile grid cells and 10 layers that get thicker with depth and extend to a
total depth of ~500 m in most parts of the Central Valley (Faunt, 2009). Recently, this model was
extended through water year 2014 by including a scenario based on updated surface-water
inflows and deliveries, updated land-use maps, and climate data (precipitation and reference
evapotranspiration). The numerical code driving the model has been significantly enhanced to
better simulate conjunctive use of surface water and groundwater for irrigated agriculture and
aquifer system compaction (Boyce and others, in review). The CVHM is a valuable resource for
water managers for addressing some needs at the state or county level, but has relatively coarse
spatial resolution and limited geologic data in the deeper aquifer, which in recent years has been
depleted at accelerated rates. Thus, while useful it does not provide the level of spatial detail
required for predicting, with confidence, the outcome of various groundwater management
actions affecting both the shallow and deeper zones of the groundwater system.
The two data sets that provide the foundation for our new approach to updating CVHM
and the Kaweah model so as to develop improved groundwater models are InSAR data and AEM
data. InSAR data, commonly acquired by satellites, provide a measure of land deformation. We
will use InSAR data from the Envisat and Sentinel-1 missions, covering time periods from 20022010 and from 2015-present. Both satellites have full coverage of both study areas. They are
operated by the European Space Agency, and produce estimates of land deformation at the
resolution of ~100 m in agricultural areas, with deformation measurement error on the order of 5
mm. Envisat data nominally have a 40 day revisit cycle, although there are many gaps in the data
due to measurement problems on the satellite. The Sentinel-1 mission includes two satellitesSentinel-1a and Sentinel-1b. Each satellite has a revisit period of 12 days, so combining them
could result in a 6-day revisit cycle. The data quality of Sentinel-1 is high, with few if any gaps
in acquisition due to measurement problems. While the InSAR data to be utilized in this study
are not acquired by NASA, the methods developed in this proposal can be implemented with
data from the upcoming NISAR launch planned for 2020. These methods will leverage the
ability of NISAR data to be used for groundwater modeling purposes.
The AEM data in the areas of Butte County and the Kaweah Basin will be acquired in the
fall of 2018 with funding provided by Butte County ($200k) and the GSAs in the Kaweah Basin
($150k), and by grants to Knight from the Gordon and Betty Moore Foundation and the Danish
Environmental Protection Agency. The AEM data, approximately 800 km in each area, will be
acquired using a helicopter-deployed system. The result, after data processing and inversion, will
be a set of 2D slices displaying the detailed variation in the electrical resistivity of the
subsurface. Through calibration with well data and geologic interpretation, this can be
transformed to map out the distribution of sediment textures (sand, silt, clay), defining the largescale architecture of the groundwater system. The horizontal resolution is approximately 30 m
along the flight lines, and equal to line spacing between the flight lines, typically 200 m to 1 km,
depending on the objectives of the data acquisition. The depth to which the electrical resistivity
can be determined, referred to as the depth of investigation (DOI), depends on the electrical
resistivity of the subsurface, with shallower DOI in areas with lower electrical resistivity. In
October 2015, Knight and co-workers acquired AEM data in the Tulare Irrigation District, within
the Kaweah Basin (Knight et al., 2018). The data quality was superb, imaging to a depth of
approximately 500 m, providing perfect overlap with the depth range of the CVHM. The vertical

3

resolution of the AEM data is on the scale of a meter near the ground surface, increasing to tens
of meters at the DOI of 500 m.
There are a number of other ancillary datasets that will be used. Geologic logs (also
referred to as drillers’ logs) are included in the well completion reports and provide information
about the lithology of the subsurface, as observed by the driller during drilling of the well. These
logs, available from DWR as pdfs, are used to develop the relationship between electrical
resistivity and sediment texture, allowing us to use the AEM data to map out the major lithologic
units. In the Central Valley as a whole, approximately 10,000 drillers’ logs have been digitized
for various USGS studies. In the Kaweah Basin, we will have available to this project ~200
digitized logs, currently being assembled and digitized by a consultant (GSI) working in support
of the AEM data acquisition. In Butte County, Todd Greene of Chico State is leading an effort to
assemble and digitize the required geologic logs.
Geophysical resistivity logs are the 1D record of the electrical resistivity measurements
made in water wells and oil and gas wells using instrumented tools, lowered into a well. These
logs are used to assist with the inversion and interpretation of the AEM data. We are in the
process of compiling and digitizing these in both of the study areas. Resistivity logs from water
wells are available through the DWR website. From oil and gas wells they are available from an
online mapping system provided by the California Division of Oil, Gas, and Geothermal
Resources (DOGGR). While the oil and gas wells extend to greater depths, there is the tendency
to not acquire data in the top ~200 m, an area where we require data for the development of
groundwater models. In each of our study areas, we will have approximately 40 geophysical logs
to assist with the interpretation of the AEM data. These logs are also being digitized and depth
registered by GSI and Greene so as to be available as LAS files.
Information about the water level in an area is also helpful in interpreting the AEM data.
At depths where the sediments are not saturated, the resistivity tends to be higher, which affects
the measured AEM signal. Water level data are available in California, and will be accessed
through the California Statewide Groundwater Elevation Monitoring Program (CASGEM) and
the USGS National Water Information System (NWIS). The CASGEM data are acquired by
DWR (or partner agency) primarily from irrigation wells and also from dedicated monitoring
wells. This results in a measurement every few kilometers. The USGS data are from various
studies throughout the state of California and are more sparse, but often have more complete well
construction information.
Continuous global positioning system (CGPS) data will be used to calibrate and validate
the InSAR data. In California, data from hundreds of CGPS stations are available on the
UNAVCO website (unavco.org). There are 20+ CGPS stations within the InSAR footprints
covering our two study areas. Where available (or transferable from nearby areas), extensometer
data will be used to help validate the depth at which the compaction is occurring.
PROJECT ELEMENTS
Description of the Water Management Challenge
The general geographic area of our work is the Central Valley of California. Covering
50,000 km2, bounded by the Sierra Nevada to the east and the Coast Ranges to the west, the
valley yields a third of the produce grown in the United States valued at $17 billion dollars per
year. Much of the irrigation water in the valley has historically been from the conjunctive use of
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both surface water and groundwater. In times of drought, most recently in the periods 2007 to
2009 and 2012 to 2016, the only way to meet irrigation needs has been through more extensive
pumping of groundwater. This has exacerbated an already serious problem in the Central Valley,
where some areas have experienced declining water levels for several decades. We will focus in
this project on two study areas: the Kaweah Basin and Butte County.
The Kaweah Basin is in an area where agriculture in an essential component of the local
economy, and is an area that has seen significant subsidence due to extensive groundwater
pumping. The GSAs in the Kaweah Basin are in the process of revising the Kaweah model (an
updated CVHM) in their area, incorporating more geologic logs, but it is acknowledged that the
model is in need of improvement in order to support the challenges faced in developing a plan
for sustainable groundwater management. A key issue is this area is the continued subsidence,
which during the time period from 2007 to 2010 reached 30 cm/yr in places. Not only has this
aquifer system compaction led to a permanent loss in groundwater storage (Smith et al., 2017),
we have recently shown that over-pumping has triggered the release of arsenic from clay layers,
resulting in serious water quality concerns in the area (Smith et al., 2018). Having in place a
groundwater model that can accurately predict the likelihood of aquifer system compaction and
resulting subsidence due to proposed groundwater management actions is essential for
sustainable groundwater management in this area.
Butte County has not experienced the same issues with groundwater depletion as seen in
the Kaweah Basin. There is less groundwater demand due to higher precipitation in this more
northern part of the Central Valley, lower summer temperatures, and greater availability of
surface water. Our work in Butte County is intended to support a number of management
decisions that need to be made as part of developing and implementing a sustainable
groundwater management plan. These include decisions about the desirable locations (in plan
view and in depth), timing and magnitude of groundwater pumping in existing wells and in
permitting new wells, so as to avoid undesirable effects such as subsidence or impacts on
shallow wells and surface water.
Methodology and Earth Observations to be Employed
In each of our study areas we will build a groundwater model that covers an area of ~ 100
km x 100 km and extends to a depth of ~500 m, using as our starting point the CVHM or an
updated version, the Kaweah model. While other hydrologic models exist, the CVHM is the
preferred model for the development of our new methodology due to its detailed geologic
framework and extensive use in previous studies to accurately model subsidence, one of the
SGMA undesirable effects of great concern in the Central Valley. Our novel methodology will
use the MODFLOW framework implemented in CVHM, but update, with significantly improved
spatial resolution, the description and parameterization of the subsurface by combining two data
sets, both of which are sensitive to the lithology of the subsurface: InSAR data and AEM data.
This approach is highly innovative. The integration of satellite and geophysical data, both of
which contain information about the subsurface, is an obvious, but to-date unexploited, approach
to improving our ability to quantify subsurface properties and model subsurface processes.
In this study we are in a unique position, having access to high quality InSAR data from
2002-2010 and from 2015-present, and having access to the geophysical AEM data sets to be
acquired in fall 2018. Through this project we will have an opportunity to develop our new
approach and demonstrate the viability of using the integration of these two data types as the
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basis for developing high resolution groundwater models wherever InSAR data and AEM data
are available. The resulting groundwater models will have the large-scale architecture seen in the
AEM data (likely eight layers, 0 to 200 m in thickness); within these layers descriptions of
sediment texture, also from the AEM data; and, by integrating AEM and InSAR, improved
estimates within the CVHM and the Kaweah model of the following at the spatial resolution of
the AEM data: vertical and horizontal hydraulic conductivity, porosity, specific yield, and
specific storage under elastic and inelastic conditions. Such a model can be used to accurately
predict total groundwater storage; and spatial and temporal changes in groundwater storage,
head, subsidence and aquifer deformation, at the spatial resolution and depths relevant to local
groundwater management decisions.
Introduction to the CVHM
The CVHM accounts for integrated, variable water supply and demand, and simulates
surface-water and groundwater flow, and compaction and the resulting subsidence across the
entire Central Valley system. The CVHM is comprised two major components: (1) a texture
model to characterize the aquifer system and (2) an integrated hydrologic model. The detail and
breadth of this hydrologic modeling tool provides a better understanding of valley wide
hydrologic processes, as it was designed to create enough detail to be practical for water
management decisions on a regional basis and provide datasets and boundary conditions that
could be applied at more local scales.
The Central Valley is a large structural trough filled with heterogeneous sediments
comprise of unconsolidated to semi-consolidated gravel, sand, silt, and clay as much as six miles
deep. Most of the fresh water, however, is contained in the upper few thousand feet of the
sediments. In order to better characterize the aquifer-system deposits, lithologic data from
approximately 10,000 drillers’ logs of boreholes were compiled and analyzed to develop a 3-D
texture model. This texture model is an interpolation of the percentage of coarse-grained
deposits on a 1-mile spatial grid at 50-foot depth intervals to 2,800 feet below land surface.
The hydrology of the present-day Central Valley, and the CVHM model, are driven by
surface-water deliveries and associated groundwater pumpage, which in turn reflect spatial and
temporal variability in climate, water availability, land use, and the water delivery system. The
relatively detailed database on texture properties coupled with water-budgets and MODFLOW’s
unique subsidence capabilities make CVHM particularly useful for assessing subsidence and
artificial recharge sites. CVHM has been updated to the most recent version of MODFLOW,
MODFLOW-One Water Hydrologic Model-version 2 (MF-OWHM2). The Farm Process (FMP)
for MODFLOW dynamically allocates groundwater recharge and groundwater pumping on the
basis of crop water demand, surface-water deliveries, and depth to the water table. MF-OWHM2
includes numerous enhancements to FMP, the subsidence packages, model output, and the
embedded-model technology of the local grid refinement (LGR). The CVHM includes 20,000
model cells of 1 mi2 areal extent and 13 layers ranging in thickness from 10 to 750 ft, typically
reaching a depth of 1,800 ft. The texture model was used to estimate hydraulic conductivity for
every cell in the model. Land subsidence, an important consequence of intense groundwater
pumpage in susceptible aquifer systems is specifically simulated as is intra-borehole flow, an
important mechanism for vertical flow within and between hydrogeologic units in parts of the
valley. The CVHM was constrained by comparing simulated and historically observed
groundwater levels, stream flows, and subsidence. The CVHM simulates groundwater and
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surface-water flow, irrigated agriculture, land subsidence, and other key processes in the Central
Valley on a monthly basis for water years 1961 to 2013. Water-budget datasets, include climate,
landuse and water deliveries. There are 21 water balance regions that are split into up to 100
accounting regions at various times, predominantly in the western San Joaquin Valley, to better
define the conjunctive use of water in later years.
Introduction to the Information Content in InSAR Data
InSAR data provide a measure of land deformation, subsidence or rebound. During repeat
passes of a location, a radio wave is transmitted to Earth’s surface along the direction of the look
angle and a measurement made of the phase and amplitude of the reflected wave. The change in
phase between passes, along the direction of the look angle, measured at all pixels in the
satellite’s footprint, is called an interferogram. The change in phase, Δ𝜃𝜃, is measured in radians
and ‘wraps’ every 2𝜋𝜋 radians as a full wave cycle is completed. The change in phase must first
be unwrapped, and then can be related to deformation of the land surface, Δ𝑏𝑏. In areas with no
tectonic activity or horizontal deformation, one can assume that the majority of the deformation
is vertical. If there are no significant processes at the surface that could cause deformation, one
can assume that the deformation is related to pressure changes below the surface.
The surface deformation caused by pumping of groundwater systems is an integrated
measurement that is a function of hydrologic pressure changes (changes in head) in the
subsurface, as well as the total thickness and compressibility of sediments experiencing pressure
changes. The compressibility is a function of lithology; clays tend to have a much higher
compressibility than sands. In groundwater studies, the specific skeletal storage, 𝑆𝑆𝑠𝑠𝑠𝑠 , is a
commonly used term and is related to compressibility, 𝛼𝛼 by the following equation:
𝑆𝑆𝑠𝑠𝑠𝑠 = 𝜌𝜌𝑤𝑤 𝑔𝑔𝑔𝑔,

where 𝜌𝜌𝑤𝑤 is the density of water and 𝑔𝑔 is the acceleration due to gravity.
If we can assume that all deforming materials are experiencing the same change in head,
the head change, Δℎ is related to surface deformation, Δ𝑏𝑏 by the following equation:
Δ𝑏𝑏 = Δℎ𝑆𝑆𝑠𝑠𝑠𝑠 𝑏𝑏0 ,

where 𝑏𝑏0 is the thickness of the deforming material. The variable 𝑆𝑆𝑠𝑠𝑠𝑠 is given as 𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠 when the
sediments are deforming elastically, and 𝑆𝑆𝑠𝑠𝑠𝑠𝑠𝑠 when the sediments are deforming inelastically.
Inelastic deformation only occurs when the head drops below the lowest previously experienced
level (preconsolidation head). The above equation assumes that all sediments undergo the same
change in head. In reality, the subsurface units experience different changes in head that are a
function of the screened interval of the wells that are being pumped, and the hydraulic
conductivity of the sediments.
In order to model land deformation, we need information about the specific skeletal
storage, the thickness of the subsurface unit that is deforming, and the change in head of the
subsurface unit that is deforming. The change in head in fine-grained units often has a delayed
response to a change in head experienced in an aquifer, due to the lower hydraulic conductivity
of fine-grained sediments. This delayed reaction can be modeled with the 1D groundwater flow
equation:
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where 𝑧𝑧 is the vertical location of the deforming material, 𝐾𝐾𝑣𝑣 is the vertical hydraulic
conductivity, ℎ is the head, 𝑡𝑡 is time and 𝑆𝑆𝑠𝑠 is the specific storage. With an accurate groundwater
model, we can estimate the change in head with respect to time and location, and use these
estimates to model deformation of subsurface units. To obtain the required depth-dependent
geologic data, an essential part of our methodology is the acquisition of AEM data.
Introduction to the Information Content in Airborne Electromagnetic (AEM) Data
The AEM method has been used for many years to map geology (Palacky 1991) and, in
the last 10 or so years, has been widely used to map groundwater systems. While there have been
AEM data sets acquired in California, there has not been widespread adoption for the mapping of
groundwater systems. We suggest that this is due to the lack of familiarity with the method, as
the value-added to groundwater management has been repeatedly demonstrated.
The theory behind the method is described in Ward and Hohmann (1988). In the
SkyTEM system that will be used to acquire the data for this study, all of the hardware required
for data acquisition is suspended beneath a helicopter. Current flowing in a transmitter loop
generates a primary magnetic field. The termination of current causes a time-varying decay in
the produced magnetic field which causes eddy currents to flow at various depths beneath the
land surface. The less electrically resistive the region, the stronger the current and the more
slowly the current decays. The eddy currents generate secondary magnetic fields which are
measured at the receiver mounted on the transmitter loop. The measurement taken is the change
in magnetic field with respect to time (dB/dt). Once acquired, the dB/dt data can be inverted to
obtain the resistivity structure of the subsurface. This is done by modeling the predicted dB/dt
response due to a given resistivity structure, comparing with the observed AEM response, then
repeatedly modifying the resistivity structure until the inversion process converges at a resistivity
structure that fits the observed data. The result is a 3D model of resistivity for the surveyed
subsurface region.
Once the resistivity model is obtained, this model needs to be transformed to map out the
hydrostratigraphic units. This transform requires establishing a relationship between resistivity
and the lithologic units present in the area, e.g. sand, silt, clay. There have been a number of
different approaches taken to establish the resistivity-lithology transform, all of which involve
the use of geologic logs and geophysical measurements – either made in the well or taken from
the actual SkyTEM data set (e.g. Christiansen et al., 2014; Barford et al.,2016; Knight et al.,
2018). What is obtained as a final product is a 3D model of the subsurface mapping out
lithology in terms of the texture (percent coarse-grained and fine-grained) and thickness of major
(>10 m) subsurface aquifers and aquitards. It is important to note that the AEM method, due to
constraints in the inversion routines and fundamental physics-controlled limitations in the
resolution of the measurement, is capable of resolving packages of interlayered materials, but
cannot resolve individual thin layers. There will be an averaging of resistivity values. As shown
in the recent study in the Tulare Irrigation District (in the Kaweah Basin) (Knight et al., 2018)
we are thus able to differentiate sections that are predominantly coarse-grained from those that
are predominantly fine-grained but cannot map in detail the fine structure of lithology variation.
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While the vertical resolution of AEM data can never match that of a well, even abundant
well data yield little information in the horizontal direction. In addition, the many wells that have
been drilled in the Central Valley tend to be shallow, so do not provide information about the
deeper parts of the aquifer system. We note, however, that the presence of wells is a necessary
part of the analysis and interpretation of AEM data.
Description of Workflow
Acquisition and Processing of InSAR and AEM Data
Acquiring and processing InSAR and AEM data from the Kaweah Basin and Butte
County are the first steps in our methodology.
We plan to use InSAR data from the Envisat and Sentinel-1a and 1b missions, which
cover the two study areas at time periods from 2002-2010 and from 2015-present. The
processing of most of the Sentinel-1 dataset over our study area has been completed by our
collaborator, Tom Lauknes. Interferograms were generated from the satellite acquisitions. Noisy
pixels were identified using coherence, which is a measure of how similar the phase change is
among neighboring pixels. Only pixels with consistently high coherence (low noise) were
retained in the analysis. These pixels were unwrapped, then all interferograms were processed
using a method called small baseline subset (SBAS; Berardino et al., 2002). To process the data
with SBAS, a ‘reference pixel’ was selected that experienced very little deformation over the
study period. This method produced a time series of land deformation at each pixel. The average
deformation rate (cm/year) at each pixel was calculated from these time series.
Continued work, to be conducted over the first year of the project includes processing of
the Envisat data and validating both the Sentinel-1 and Envisat data with GPS data. The
validation with GPS data will help us to refine and improve the processing workflow, such as
adjusting the criteria to select good pixels, removing scenes with potential unwrapping errors,
and modifying the reference pixel used in the SBAS processing. The processed data will be a
time series of land deformation at each pixel that has coherence high enough to be included in
the analysis.
We have already acquired and processed AEM data over a portion of the Kaweah Basin
and transformed it to a lithologic model (Knight et al., 2018). We have plans and funding to
acquire AEM data over the rest of the Kaweah Basin and Butte County in October 2018. After
the acquisition, the data will be processed, inverted and transformed to lithologic models by
researchers in Knight’s group with existing funding. The details of our approach are given in
Knight et al. (2018).
Integration of InSAR and AEM Data to Develop the Groundwater Models
Our objective is to improve the accuracy of groundwater modeling by integrating AEM
and InSAR data into the models. This would be the first time these datasets have been used
together in a 3D groundwater model. Because of their high resolution relative to the data that are
typically used to calibrate groundwater models, the integration of these datasets will significantly
improve the accuracy of the groundwater model’s storage, head, and subsidence and deformation
predictions. To implement this approach, we need the InSAR deformation time series and
information about the depth, thickness and texture of layers of subsurface sediments. AEM data
can be used to produce these estimates at depths of up to 500 m, with a vertical resolution on the
order of 10 m and horizontal resolution on the order of 30 m to 1 km (depending on line spacing
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during AEM data acquisition). This depth and resolution make lithology estimates from AEM
data suitable to be used in groundwater models.
Since the subsidence and rebound data from InSAR are related to changes in groundwater
storage, they can be simulated with groundwater models, making them useful in parameterizing,
or calibrating, groundwater models. The USGS has used InSAR data in combination with well
data to calibrate the recent update to the CVHM (Faunt et al., 2018). However, this model is
limited by the low density of geologic data at the depths at which subsidence historically occurs
(>100 m). In our proposed approach, we will further update both the CVHM and Kaweah model
by combining AEM, which images to greater depths, and InSAR data, solving for hydrologic and
geomechanical properties. These two datasets, when used together, can provide high-resolution
estimates of the hydraulic properties of the subsurface, and the depths at which deformation is
likely occurring. The end result will be integrated groundwater models that can be used to
accurately predict total groundwater storage, and spatial and temporal changes in groundwater
storage, head, subsidence and aquifer deformation, at a spatial resolution and at depths relevant
to local management districts.
Our workflow for developing a groundwater model is shown in Figure 1. The boundary
fluxes and groundwater pumping required to run the groundwater model will be assigned based
on output from the starting models. The groundwater model is composed of thirteen large-scale
model layers which thicken with depth that represent the heterogenous aquifer system. The
Corcoran Clay, the main confining unit, is explicitly represented. The thickness and sedimentary
texture of these model layers, which we refer to as the ‘textural model’ in Figure 1, will be
derived from our AEM data using the approach outlined in Knight et al. (2018). The hydrologic
and geomechanical properties of the fine-grained and coarse-grained materials are also key
inputs to the model. These values are unknown, and will be solved for by inversion. With
estimates of the hydrologic and geomechanical properties of fine- and coarse-grained materials,
and with estimates of the fraction of each model layer at each location in our study area that is
fine-and coarse-grained from our AEM dataset, we can estimate the hydrologic

Figure 1. Workflow for developing the groundwater model.
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and geomechanical properties throughout our model. This approach of using hydrologic
properties of fine-grained and coarse-grained materials in combination with a textural model to
solve for the properties of the subsurface follows the approach implemented in the CVHM
(Faunt et al., 2009), but with a more accurate and higher-resolution textural model. Another
unknown input parameter that is important for the model simulation of land deformation is the
thickness of individual fine-grained sub-layers within the larger hydrostratigraphic model layers.
Rather than determining the thickness of each sub-layer, we solve for an ‘equivalent’ thickness,
that allows us to model the observed deformation, through inversion.
With the input parameters described, the groundwater model will be run, producing
output time series of hydraulic head and land deformation. These outputs will be compared with
head time series from wells and land deformation time series estimated with InSAR. The error
will be computed based on the normalized difference between model output and observed data.
To invert the data the input parameters (hydrologic and geomechanical properties and equivalent
layer thickness) will be modified after each model run until the error converges at an acceptably
low level. We will use the parameter estimation and uncertainty analysis (PEST) package to
perform the inversion. This package has been extensively used in the hydrologic community and
is well-equipped for inversions of complex 3D groundwater models (Doherty, 1994).
The inversion framework as described will be the first implementation of AEM data in a
3D groundwater model that predicts land deformation. It will provide us with estimates of
vertical and horizontal hydraulic conductivity, porosity, specific yield, and specific storage under
elastic and inelastic conditions. These can be used in a predictive model that allows water
managers to assess the impact of changing conditions and alternate management actions on both
head levels and land subsidence. Such predictive modeling is at the core of the development of
sustainable groundwater management plans. Our methodology will take advantage of two data
sets – InSAR and AEM – to dramatically improve the accuracy of current predictions.
Discussion of Accuracy / Uncertainty
Groundwater models have a high level of uncertainty due to the large number of
parameters needed to calibrate them. One of the parameters with the highest uncertainty is
sediment texture in the major subsurface layers. However, due to the complexity of estimating
this, the uncertainty in this parameter is rarely quantified. We expect that introducing textural
data derived from AEM will improve the accuracy of the groundwater model, and also introduce
a more robust way to quantify its uncertainty. Knight et al. (2018) established a bootstrapping
method to estimate the uncertainty in lithologic estimates. This approach randomly selected
subsets of the AEM data to derive lithologic estimates thousands of times. The variation in these
estimates was used to quantify the lithologic uncertainty. Researchers in Knight’s group are
continuing to develop novel methods for quantifying uncertainty in AEM-derived textural
estimates, which will produce many possible realizations of the subsurface that fit the data
equally well. The average of these is considered the ‘most likely’, and will be used for the
inversion. After running the initial inversion, we will run groundwater models with the suite of
possible textural realizations. The variation in model output will provide an estimate of model
uncertainty related to the uncertainty of the underlying textural structure. Our inversion routine,
run through PEST, will also provide uncertainty estimates of the calibrated parameters.
To test the accuracy of each developed model, we will use it to predict head and land
deformation on a validation dataset that is not included in the calibration process. The closer
the match between the validation data and the predicted data, the higher our confidence will
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Figure 2. Modeled and observed land deformation at three locations near Tulare. Dashed red lines
show the 5th and 95th percentiles in the prediction.

be in our model. To learn the relative importance of head data, the traditional groundwater model
calibration dataset, and InSAR data, which are rarely used to calibrate groundwater models, we
will test running the inversion holding out InSAR data and head data.
We have recently completed the development of a similar methodology in a 1D land
deformation model, and tested our approach at three locations in Tulare County. In this
approach, we modeled land deformation using AEM data and measured head data. In Figure
2 we show the outstanding fit of modeled to observed land deformation, revealing the our
model can capture a complex pattern of land deformation. The model also fills in data gaps
where no land deformation data were acquired and can be used to predict future land
deformation given various scenarios. This work demonstrates that combining AEM data
with head data (which in the proposed case will be computed using the groundwater model)
can successfully model land deformation.
Identification and Description of the ARL of the Application
Many of the individual components of our project, such as the analysis and interpretation
of the InSAR and AEM data, are at level 5 (validation in relevant environment). Claudia Faunt,
with the USGS, has extensive experience developing integrated hydrologic models which
simulate the components of subsidence, incorporating InSAR and numerous other forms of data
(Faunt et al., 2009; Faunt et al., 2016) with over a decade of work in the Central Valley. Another
of our key personnel, Tom Lauknes, senior research scientist with Norut in Norway, brings more
than 10 years of experience in the processing of InSAR data (Lauknes et al., 2010a; Lauknes et
al., 2010b; Eriksen et al., 2017), and has collaborated since 2007 with the Stanford researchers.
Rosemary Knight’s research group, including Ryan Smith now an assistant professor at Missouri
University of Science and Technology, has experience applying InSAR to water resources
problems (Reeves et al., 2011, 2014; Chen et al., 2015, 2016), implementing geophysics in water
resource problems (Goebel et al., 2017; Knight et al., 2018), integrating satellite data into
groundwater models (Smith et al. 2017), as well as established connections to local water
managers in the Central Valley who will be using the products developed in this project.
While the individual components are at level 5, the integration of the combination of
InSAR and AEM data into a groundwater model has not been previously explored. We therefore
estimate our Start-of-Project ARL to be level 2 (application concept – invention). By working
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closely with our partners in local GSAs, we plan to move to ARL 7 for End-of-Project ARL
(application prototype in partner’s decision-making – functionality demonstrated).
Transition Plan and Evidence of Partner Commitment
In the Kaweah Basin, we have been working closely, over the past three years, with
Aaron Fukuda, General Manager of the Tulare Irrigation District and Paul Hendrix, Manager of
the Mid-Kaweah GSA, demonstrating both the use of InSAR for monitoring subsidence and the
use of AEM data for mapping out sediment texture. We are now working with their consultants
at GEI in continued acquisition of AEM data to cover a larger area. The local agencies are
providing $150k for the acquisition of AEM data, showing their commitment to the approach
being taken in Knight’s research. In our work in the Kaweah Basin we will start with their
updated version of the CVHM, the Kaweah model, and interact with consultants and
representatives from the GSAs throughout the three years to ensure our product will meet their
needs. In the last six months of the project, we will work with them to allow adoption of the
updated Kaweah model. Our project is completely in line with their needs related to SGMA – a
reliable groundwater model that can provide accurate predictions of the outcomes of various
management actions. There is a commitment to providing the staff time needed throughout this
project in order to achieve the successful adoption of the improved groundwater model.
In Butte County, we have been collaborating over the past two years with Paul Gosselin,
Director, and Christina Buck, Assistant Director, of Butte County Water and Resource
Conservation District. We are currently in the process of planning the acquisition of AEM data
to provide input for improving their groundwater model to support SGMA implementation. The
methods that we will apply through the proposed research will contribute directly to their
ongoing modeling efforts. They plan to compare our model with their existing model to aid in
decision making, to better quantify the uncertainty of both models, and could implement our
approach in their modeling code. Butte County has committed $200k to the acquisition of the
AEM data, an indication of their commitment to incorporating AEM data into their work. There
is a commitment to providing the staff time needed throughout this project in order to achieve the
successful adoption of the improved groundwater model.
The workflow that we are developing will be applicable throughout the Central Valley,
addressing a recognized need for additional data sources to improve the resolution of
groundwater models. We are thus confident that the methods that we develop will be adopted by
the local agencies. In addition, the methods that we will develop will be transferable to other
parts of the world, where the integration of InSAR and AEM data could be used as the basis for
developing groundwater models.
Our project will provide a methodology for the development of groundwater models by
integrating InSAR and AEM data, using the CVHM and the Kaweah model as the starting
models. The USGS is committed to providing ongoing support of CVHM. We presume that
InSAR data will be available from NASA or other agencies going forward. The other critical
data set is the AEM data. There is the commercially-available equipment and the expertise in the
private sector to acquire AEM data. DWR, as stated in their letter of support, “is currently
utilizing and providing NASA JPL InSAR data to aid local agencies in identification of
subsidence conditions; and are potentially expanding collection of state-wide AEM data over the
next several years. “ They are therefore very supportive of this research that utilizes these two
data sets to develop improved groundwater models.
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Challenges and Risks Affecting Project
As described above in our discussion of the ARL, many of the individual components in
this project have been validated. The primary challenge that we face in the integrated approach
that we are taking to the development of a groundwater model, is acquiring the high quality data
needed as input (e.g. irrigation data, groundwater pumping data). Many data are not consistently
reported and of variable quality. Our approach is to work with our local partners who have local
knowledge and experience with the development of groundwater models in their area. A
technical challenge that we face is the complexity of system we are modeling, which includes
both elastic and inelastic deformation. We are addressing this by implementing a groundwater
flow model that has been developed to account for both of these. There are technical challenges
in implementing the joint inversion in a way that is computationally efficient. We plan to address
this by limiting the number of forward runs in a way that will reduce the range of all possible
outputs while not significantly impacting our ability to quantify uncertainty.
Issues Affecting the Adoption, Transition, and Sustainable Use
We will be working closely with water managers and consultants involved with the
development of groundwater management plans, so do not anticipate any issues to negatively
affect the adoption, transition and sustainable use of the groundwater models, and the
methodology to be developed in this project.
Anticipated Results
The successful implementation of this research project will result in 1) the development
of improved groundwater models, and more importantly their supporting data sets, in our two
study areas, and 2) the development of a methodology that could be adopted for implementation
throughout the Central Valley and potentially the entire state, starting with CVHM (or local
updates such as the Kaweah model) and incorporating InSAR and AEM data to refine the local
groundwater models. The development of improved groundwater models and datasets directly
supports the sustainable management of groundwater in the Central Valley, crucial for
safeguarding groundwater resources, which provide drinking water for 3 million people in the
valley, as well as supporting the $17 billion/yr agricultural industry. It is important to note that
groundwater depletion does not just affect the quantity of groundwater available. USGS waterquality data indicate that in many areas water quality decreases with depth and various
constituents may be more concentrated by groundwater usage. Recent research by the Stanford
group has shown that over-pumping results in arsenic contamination, rendering the water
undrinkable (Smith et al., 2018). In addition to these critical issues, over-pumping has resulted in
land subsidence of greater than 20 cm/year in some parts of the Central Valley, damaging
infrastructure, including canals, which are used for delivering surface water, and permanently
removing groundwater storage from the system (Faunt and others, 2016). Furthermore, in some
areas, though localized in the Central Valley, surface water resources have been impacted by
groundwater level changes and subsidence. Sustainable groundwater management is intended to
prevent these negative consequences of undesirable effects from occurring, and ideally mitigate,
to the extent possible, existing problems.
Our total groundwater storage estimates, as well as the lithologic model, will be made
publicly available on an online repository such as Google Earth Engine, and/or through the
databases maintained by the USGS. These data could then be used by local water managers to
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make decisions regarding sustainable use of groundwater resources. This dataset is one of the
main deliverables of this proposed study.
Project Management
Rosemary Knight is responsible for the overall management of the project. Working with
Knight at Stanford will be a post-doctoral fellow, supported by funding from this project. The
post-doctoral fellow will be the primary researcher involved with the joint inversion (starting
with processed and interpreted AEM and InSAR data) and development of the groundwater
models. In addition, two graduate students, with funding from other sources, will be involved
with the interpretation of the AEM data and the processing of the InSAR data. Smith will cosupervise the post-doctoral fellow in the development of the joint inversion. Faunt is the
researcher with the in-depth understanding of CVHM so she and her team at the USGS will work
closely with the post-doctoral fellow in working to develop the groundwater model.
Knight’s management approach to such projects is a weekly one-hour meeting with each
student or post-doctoral fellow, and a weekly one-hour meeting with the full project team,
including Smith and Faunt through video-conferencing. A once-a-month meeting will involve all
project partners. Twice a year Knight, students and post-doctoral fellow and Faunt will meet with
the GSAs, and with representatives from DWR and SWRCB. Throughout the year, ongoing
communication with the project partners will ensure that the project benefits from the local
knowledge, from the perspectives of the state agencies, and remains on track to developing a
valuable product that will be adopted for groundwater management.
Schedule and Milestones
January 2019: Begin project.
January to June 2019: Processing and initial interpretation of AEM data in both study areas. Data
will be acquired in fall 2018 with funding from other sources. Gather more detailed surfacewater delivery and diversion information needed for more localized CVHM conditions. Begin
development of joint inversion code.
July to December 2019: Compilation and analysis of well data in the two study areas, with
comparison with data in CVHM and the Kaweah model; finalize interpretation of AEM data.
Continue work on joint inversion code. Import AEM data into joint inversion.
MILESTONE Dec 2019: Interpretation of AEM data completed.
January to June 2020: Gather and process InSAR data. Import InSAR data into joint inversion.
MILESTONE June 2020: Processing of InSAR data completed.
July 2020 to December 2020: Extract boundary conditions from CVHM and the Kaweah model
to impose on a finer, localized grid where AEM data are available; import remote sensing
datasets into groundwater model. Calibrate groundwater model in each area; this involves a joint
inversion to solve for the rock physics transform to convert AEM data to geologic data, as well
as the hydraulic properties.
MILESTONE Dec 2020: Calibration of groundwater models completed.
January to June 2021: Evaluate the groundwater models and the groundwater storage estimations
against validation datasets. Testing runs with partners. Finalize models for distribution.
MILESTONE June 2021: Groundwater models distributed to partners.
July to December 2021: Prepare groundwater storage and storage change products for
distribution among groundwater managers. Provide training on the use of new models, making
modifications as needed.
MILESTONE Dec 2021: Groundwater models in use in partner GSAs.
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Hydrogeologic Framework of Selected Areas of the Kaweah Subbasin Region

Executive Summary

Aqua Geo Frameworks, LLC. (AGF) is pleased to submit this report titled “Hydrogeologic
Framework of Selected Areas of the Kaweah Sub-Basin Region”. An understanding of the
hydrogeological framework in the survey area is desired in order to assist in resource
management. AGF entered into an agreement with the East Kaweah Groundwater Sustainability
Agency (GSA), the Greater Kaweah GSA, the Mid-Kaweah GSA, and Leland Stanford Junior
University (Stanford University or Stanford) to collect, process, and interpret airborne
electromagnetic (AEM) data, in conjunction with other available background information, to
develop a 3D hydrogeologic framework and to recommend future work to enhance groundwater
management activities.
The scope of work for this project was as follows:

1.

SCOPE OF WORK

1.1

The GSA’s of the Kaweah Sub-Basin Region desire to obtain a hydrogeologic framework of
selected areas of their jurisdiction. This work will be accomplished through use of Airborne
Electromagnetic (AEM) surveys in conjunction with existing geologic and hydrogeologic
information. There will be approximately 800 kilometers (500 miles) of AEM data collected and
analyzed for the project. The AEM survey utilized the SkyTEM312 systems. These flights have
been provided as preliminary AEM inversions on November 13, 2018 and the final AEM data and
inversions are included as a product attached to this data report.

1.2

The project goal was to acquire data using AEM to characterize the stratigraphy and aquifer
architecture (hydrogeologic framework) and map out the distribution of clays, silts, sands, and
gravels to a depth of approximately 457 m (1500 feet), with vertical resolution on the order of
one meter (3 feet) near the surface to tens of feet at depth, utilizing existing well data for
comparison.

1.2

AGF began project planning upon signing of the contract between the parties. This work
included flight plans, database development, and review of hydrogeologic and geologic work for
the area. Stanford University assisted in providing geophysical and lithology logs through GEI
Consultants to AGF. The Fall 2017 water table elevation data from CA-DWR was selected for use
because of its relationship to timing of the survey.
At the conclusion of the design process, the Kaweah Sub-Basin AEM flight lines were arranged
into reconnaissance flight lines approximately 44 km in length (27 miles) at their longest and
about 4 km (2.5 miles) at their shortest. The reconnaissance flight lines were separated by
approximately 4 to 5 km or approximately 2.5 to 3 miles.

1.4

Approximately 821 line-kilometers (507 line-miles ) were acquired by the SkyTEM312 over the
Kaweah Sub-Basin AEM survey area in the southern San Joaquin Valley on November 9 - 12,
2018. Mefford Field Airport south of Tulare was used for landing and refueling between
production flights. Status reports of the flying were provided to the Contract Representative of
Mid-Kaweah GSA on a daily basis, including the areas flown, production rates, and flight plan for
the following day.

1.5

AGF processed and conducted quality assurance and quality control (QA/QC) procedures on all

AQUA GEO FRAMEWORKS, LLC

i

Hydrogeologic Framework of Selected Areas of the Kaweah Subbasin Region
data collected from the acquisition system. After final processing, 626.2 line-km (386.5 linemiles) of 312 data were retained for the final inversions for the Kaweah Subbasin AEM survey
area. This amounts to a data retention of 76.3% for the SkyTEM 312 data set. These high rates
are the result of careful flight line planning and design. AGF delivered preliminary data and
inversions on November 13, 2018.
1.6

AGF inverted the AEM data with a 40-layer smooth model. After inversion, AGF derived 2D
sections, 3D electrical models, and interpreted geologic and hydrogeologic surfaces of the
surveyed area. These final inverted georeferenced data are delivered to the Mid-Kaweah GSA,
the Greater Kaweah GSA, the East Kaweah, and Stanford University with this report.

1.7

AGF is providing a hydrogeologic framework report that includes maps and sections of aquifer
materials, maps of stratigraphic units, and maps of estimated potential recharge areas. This
report, as mentioned above, also includes all data (acquired, processed, developed) files. The
report is delivered in PDF digital format and the data in ASCII and native formats.

2.

KEY FINDINGS

2.1

Boreholes - Information from boreholes was used to analyze the Kaweah Subbasin AEM
inversion results. A total of 440 holes contained lithology information and 52 holes contained
geophysical information within the Kaweah Subbasin AEM survey area. These boreholes were
provided by GEI Consultants under separate contract to Stanford University. The AEM inversion
results matched up well with most of the both the geophysical logs and also the lithological logs.

2.2

Digitizing Interpreted Geological Contacts - Characterization and interpretation of the
subsurface was performed in cross-section and derived surface grid formats. The interpretive
process greatly benefited from the use of the borehole logs. The upper and lower Corcoran Clay
contacts as well as extent and the top of the pre-Tertiary granitic and metavolcanic materials
have been mapped. Surface grids of the interpreted geologic formations were produced as well
as interpretative profiles. Each flight line profile with interpretation is included in the
appendices as well as the interpretative surface grids.

2.3

Comparing the 2018 Kaweah 312 AEM Results with the 2015 Tulare 508 AEM Results - A
comparison was performed between the 2018 SkyTEM312 Kaweah inversion results and the
2015 SkyTEM508 inversion results via profile comparisons along multiple flight lines. The results
compare very well down to about -350 m (-1,150 ft) depth. The greater depth of investigation of
the 508 stands out as the primary difference between the two systems. While the SkyTEM 312
system was able to image the top of the resistive zone that was identified at the southwestern
end of the Tulare AEM flight lines, the SkyTEM 312 did not do as good a job characterizing the
extent of that resistive, coarse-grained zone.

2.4

Resistivity/Lithology Relationship - An assessment of the lithologic character of the sediments
in the Kaweah Subbasin AEM survey area was conducted to determine the overall composition
of the major categories used to define aquifer and aquitard material. The resistivity-lithological
relation described in Table 2 of Knight et al. (2018), Mapping aquifer systems with airborne
electromagnetics in the Central Valley of California, for materials above and below the water
table was applied to the Kaweah Subbasin AEM inversion results, with a slight modification due
to overlapping ranges. The ranges are defined as: Unsaturated - Clay (<28 ohm-m) and Sand and
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Gravel (28-500); Saturated – Clay (<15 ohm-m), Mixed Fine and Coarse (15-19 ohm-m), and Sand
and Gravel (19-500 ohm-m). This allowed for the characterization of the ranges of resistivities
present in the major geologic units described in this report which were then used in
understanding the hydrogeological framework.
2.5

Hydrogeological Framework of the Kaweah Subbasin AEM Survey Area - The 2018 Kaweah
Subbasin AEM project area provides high resolution data of the subsurface along the
reconnaissance flight paths within the survey area. These AEM-derived results provide new and
updated information on the geology and hydrogeology in areas that were previously unknown
or were only known to a limited extent from just the borehole information. The AEM profiles
provide for greater understanding of the heterogeneity within and between all geologic
formations in the survey area. The result of that heterogeneity is that there is limited variability
in the thick Quaternary and Tertiary deposits across the project area. While the stratigraphy
between these units have not been delineated, these units have been subdivided as just
discussed into geologic materials which make up the aquifer (and non-aquifer) materials
overlying the basement units. The thick deposits of sand and gravel in the western part of the
survey area are one of the dominant hydrogeologic features in the Kaweah Subbasin AEM
project area and are important aquifers. The extent of the Corcoran Clay, which was delineated
in the southwest corner of the survey area by AEM, overlies coarser Sand and Gravel deposits.
Corcoran Clay is not aquifer material and, where present, acts as a barrier to groundwater flow
and is also a large contributor to the subsidence in the area due to dewatering.

2.6

Estimation of Aquifer Volume and Water in Storage in the Kaweah Subbasin AEM Survey Area
- Estimation of aquifer volume and yield were not calculated for the Kaweah Subbasin AEM
survey area because of the nature of a reconnaissance flight line plan in which the AEM line
spacings are approximately 5 km. AEM flight plan designs with blocks of closely spaced (250 m
to 400 m) survey lines would allow for development of estimates of aquifer and water in
storage, if at the same time good aquifer production information such as porosity and specific
yield were available in order to quantify water availability in the different lithologies.

2.7

Potential Recharge Zones within the Kaweah Subbasin AEM Survey Area - Previous studies of
the groundwater recharge potential in the Kaweah Subbasin AEM survey area, including the
USGS which characterized the region as a diverse mix of coarse and fine materials, identified
locations of recharge basins for the local water district. An overlay of the lithological
interpretation of the first layer of the Kaweah Subbasin AEM inversion results (covering depths
from the surface to 3 m or 10 ft) on a map developed by Fugro West from 2007 for the Kaweah
Delta Water Conservation District, which shows the locations of current and proposed recharge
basins (as of 2007), indicates that even given the reconnaissance nature of the Kaweah AEM
investigation, the recharge areas indicated by the AEM match up well with the locations of
existing and proposed recharge basin locations and also indicate additional areas where
recharge to groundwater aquifers could be developed.
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3.

Recommendations

Recommendations provided to the Greater Kaweah, East Kaweah, and Mid-Kaweah Groundwater
Sustainability Agencies in this section are based on the interpretation and understanding gained from
the addition of the AEM data to existing information and from discussions with the representatives of
the GSA’s and water districts about their management challenges.
3.1

Additional AEM Mapping - If it is determined that greater fidelity is necessary in terms of
groundwater flow, aquifer sustainability, volumes, and water in storage estimates, depletion to
streams, well interference, groundwater withdrawal, and other management considerations, it
is recommended that areas of closely spaced lines or “block-flights” be collected to develop
more-detailed frameworks. The current 5 km line spacing between flight lines could be reduced
to a 250 m to 400 m flight line spacing for greater detail on the natural system.

3.2

Update the Water Table map - The groundwater data used in the analyses presented in this
report used the CA-DWR Fall 2017 water table map. Additional water level measurement
locations would improve the water table map. This may be available after the delivery of this
report.

3.3

Siting new test holes and production wells – The AEM framework maps and profiles provided in
this report provide insight on the relationship between current test holes and production
groundwater wells. At the time of this report, the currently available lithology and geophysical
log data for the Kaweah Subbasin area were used in building the framework maps and profiles.
It is recommended that the results from this report be used to site new test holes and
monitoring wells. Often test holes are sited based on previous work that is regional in nature or
for local projects of small size. By utilizing the maps in this report new drilling locations can be
sited in optimal locations. Consideration for the areas that have been identified as confined to
semi-confined aquifers is a good place to start doing this work. These wells need to be screened
in discreet zones in order to understand the potentiometric surfaces from each zone. These
wells should also be spaced geographically for water level/potentiometric head measurements
as well as water quality sampling. Small screened intervals would allow for age dating the water
for improved understanding of recharge, time of travel along flow paths and groundwatersurface water interaction.
The location of new water supply wells for communities can also use the AEM results in this
report to guide development of new water supply wells. Planners should locate wells in areas of
greatest saturated thickness with the least potential for non-point source pollution.

3.4

Aquifer testing and borehole logging - Aquifer tests are recommended to improve estimates of
aquifer characteristics. A robust aquifer characterization program is highly recommended at the
state, county, and smaller municipal levels. Aquifer tests can be designed based on the results of
AEM surveys and existing production wells could be used in conjunction with three or more
installed water level observation wells (which can be used as monitoring wells for levels and
water quality sampling after the test).
Additional test holes with detailed, functional, and well calibrated geophysical logging for
aquifer characteristics are highly recommended. Most of the borehole geophysical logs provided
for this investigation were well calibrated. However, there were also quite a few that
demonstrate that additional calibrated and verified geophysical logs would be useful in the
Kaweah Subbasin.
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Examples of additional logging would be flow meter logs and geophysical logs including gamma,
neutron, electrical, and induction logs. Detailed aquifer characteristics can be accomplished with
nuclear magnetic resonance logging (NMR). This is a quick and effective way to characterize
porosity and water content, estimates of permeability, mobile/bound water fraction, and poresize distributions with depth. NMR logs compare well with the aquifer tests in our experience
and are very cost effective when compared to traditional aquifer tests.
3.5

Recharge Zones - The Kaweah Subbasin hydrogeologic framework in this report provides areas
of recharge, that are widely spatially distributed, from the ground surface to the groundwater
aquifers. Block flights of AEM data acquisition can provide the most detailed information for
understanding recharge throughout the block flight areas. It is, again, recommended that
additional AEM data be collected and interpreted utilizing closely-spaced flight lines using an
AEM system that has near-surface resolution in the reconnaissance line flight areas. It is further
recommended that future work integrate new soils maps with the results of this study to
provide details on soil permeability, slope, and water retention to provide a more complete
understanding of the transport of water from the land surface to the groundwater aquifers.

4.

Deliverables

In summary, the following are included as deliverables:
•
•
•
•
•
•
•

Raw EM Mag data as ASCII *.xyz
SCI inversion as ASCII *.xyz
Borehole databases as ASCII *.xyz
Interpretations as ASCII *.xyz
Raw Data Files - SkyTEM files *.geo, *skb, *.lin
ESRI ArcView grid files – surface, topo, etc.
3D fence diagrams of the lithological interpretation

KMZs for AsFlown, Retained, Recharge, and Interpretation results
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Introduction
1.1 Purpose of Current Project

The East Kaweah Groundwater Sustainability Agency (GSA), the Greater Kaweah GSA, and the MidKaweah GSA desire an improved understanding of the hydrogeologic framework in their management
areas (Figure 1-1). Groundwater and surface water sustainability, groundwater recharge including
storage facilities, water quality and surface water supply are some of the top reasons for using the
information from the AEM survey. Characterization of the bedrock and its topography including any
geologic structural control are of interest as well including mapping any high Total Dissolved Solids (TDS)
at depth.
An airborne electromagnetic (AEM) survey was selected, and designed (Figure 1-2), to assist in the
development of a 3D hydrogeologic framework of the project areas and to suggest future work to
enhance groundwater management activities. The SkyTEM 312 would be utilized to conduct this
investigation (Figure 1-2) to provide higher resolution at depth in the southeastern San Joaquin Valley
near the foothills of the Sierra Nevada mountains. As a quality control measure and to provide the
clients with greater understanding of the use of AEM, part of one flight line was to be flown over part of
one flight line from the 2015 Tulare AEM investigation (Knight et al., 2018) and the results compared.
The Tulare AEM survey utilized a SkyTEM 508 system which images somewhat deeper than the SkyTEM
312. The SkyTEM 508 is no longer available.
The survey design involves flying a total of approximately 800-line kilometers. The flight lines are
arranged in a “reconnaissance”-style layout with about 3-5 km (2.5-3 miles) between flight lines. The
proposed survey areas include water wells considered “active” by the California Department of Water
Resources (CA-DWR) and the reconnaissance flight lines represent transects that connect points of good
well control through regions that address one or more of the key issues. The specific design of this
survey seeks to address the Project Goals with a layout of AEM lines that strikes a balance between line
density, cost efficiency, logistical constraints, and geologic control.
Maps, 2D profiles, and other 3D images of the aquifer materials, their relationship to current test holes
and production groundwater wells, and of estimated potential recharge areas along the flight lines are
desired.
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Figure 1-1. Map showing locations of Eastern Kaweah GSA, Greater Kaweah GSA, and Mid-Kaweah GSA (modified from
http://tulareid.org/1st-qtr-2016-newsletter.pdf).
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Figure 1-2. Google Earth image of the Kaweah Subbasin AEM survey area showing main highways
passing through the area (99, 43, 65, 198). The red lines are the “as-flown” SkyTEM312 flight lines.
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1.2 Background
Use of AEM technology to map and evaluate groundwater resources has gained momentum over the
last 20 years in the United States and abroad. The State of California and others have been
implementing AEM for water resources management over the last few years with projects across the
state in a variety of geologic settings (Asch et al., 2017; Asch et al., 2018). In recent years, Stanford
University has coordinated efforts between various local and state agencies and Aqua Geo Frameworks,
LLC (AGF) in support of several projects designed to characterize the hydrogeology at various locations
across the state. For purposes of this pilot project, Mid-Kaweah, East Kaweah GSA, Greater Kaweah GSA,
and Stanford University are cooperating with AGF to complete this AEM investigation. This pilot project
will not only provide information on the hydrogeologic framework of the Kaweah Subbasin area but will
also provide experience for all partners in design and application of AEM surveys as well as educate the
partners on the expectations on the nature of the results from these types of surveys. Mid-Kaweah GSA
is the managing agency for this work and entered into contract with AGF on October 2, 2018.

1.3 Description of the Kaweah Subbasin AEM Project Area
The area of interest in the Kaweah Subbasin AEM survey area is located in the southeastern San Joaquin
Valley in California and encompass approximately 3,672 km2 (1,386 square miles) (Figure 1-2). The AEM
survey area lie within parts of two counties: Kings and Tulare. Precipitation and irrigation runoff within
the survey area feed into the Kaweah River and its distributaries including St. Johns Creek, Deep Creek,
Packwood Creek, Mill Creek, and Cottonwood Creek (Figure 1-3). Water is also delivered through
irrigation systems. The area has a groundwater supply within the interbedded clays, sands, and gravels
of the unconsolidated alluvial materials that cover the area. Groundwater flow is towards the center of
the San Joaquin Valley. The land use is a combination of irrigated agriculture and municipal. Irrigation
comes from groundwater wells and surface water supplies.
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Figure 1-3. Map of major river basins with streams within the Kaweah Subbasin AEM survey area in
relation to the AEM flight lines (brown); (modified from
https://en.wikipedia.org/wiki/Kaweah_River#/media/File:Kaweah_river_basin.png)
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Project Area Hydrogeology

The AEM survey’s objective was to map the geology and related hydrogeology of Quaternary and
Tertiary deposits and the primary underlying bedrock that serves as a groundwater confining unit.
Background geology and hydrogeology in and around the project area are discussed in more detail in
reports by Page (1983, 1986), Bartow (1991), Planert and Williams (1995), Galloway (1999), California
Department of Water Resources (CA-DWR) (2003, 2014), Johnson and Belitz (2014), White (2016), and
Kaweah Delta Water Conservation District (KDWCD) (2018), among others. The following narratives are
based primarily on the findings from these reports.

2.1 Geologic Setting
The project area lies on the southeastern edge of the San Joaquin Valley (SJV) portion of California’s
Central Valley. Here, the SJV abuts the foothills of the Sierra Nevada Mountains where the geology
largely is granitic and marine to nonmarine deposits (CA-DWR, 2014). Much of the geologic character of
the project area is dominated by the Sierra Nevada Mountains to the east, in addition to fluvial outwash
from the mountains in the form of undifferentiated alluvial and colluvial fan deposits that occupy the
SJV and much of the incised valleys of the uplands. The Quaternary alluvial fans of Holocene age in the
SJV, overlie continental deposits—Plio-Pleistocene and Pliocene marine and nonmarine deposits that
together can be thousands of meters in thickness.

2.1.1 Physiography and Regional Geologic Setting
As mentioned in the Section 1 above, AEM data were collected over the project area. The approximately
3,672 km2 (1,386 square miles ) Kaweah Subbasin AEM project area mostly lies in the 1,803 km2 (696
square miles) Kaweah Groundwater Basin (GU 5-22.11)—Kings and Tulare Counties, California (CA-DWR,
2003; Johnson and Belitz, 2014)—but small portions extend into adjacent groundwater units not
discussed in this report. The project area also contains several large to small cities. U.S. Census Bureau
(2018) reports the 2010 population of the largest cities in the project area, by population, as: Visalia
(124,442), Tulare (59,278), Porterville (54,165), Hanford (53,967), Corcoran (24,813), Lemoore (24,531),
Exeter (10,334), Lindsay (11,768), and Woodlake (7,279). Smaller communities, such as Goshen (2010
population 3,006) can be found throughout the project area.
Galloway (1999) reports the SJV, which includes the project area, is one of the world’s most productive
agricultural regions. Furthermore, the SJV receives streamflow from larger systems such as the Kaweah
River, and the Kings and Kern Rivers, which lie outside the project area and are not shown on the maps.
Over many millennia, these and smaller streams, which terminated at topographically low closed basins
or sinks, deposited a network of alluvial fans along the eastern side of the SJV (Galloway, 1999).
The SJV is filled with marine sediments overlain by continental deposits such as clay, silt, sand, fluvial,
and lacustrine deposits. The SJV is at its widest (about 55 miles or 89 km, Davis et al., 1964) where the
project area is located within the valley.
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Surficial geology (Figure 2-1) in and around the AEM survey area typically ranges from slightly to
moderately tilted or folded Tertiary to early Quaternary deposits (Davis et al., 1964). The topography
varies from deeply incised foothills to the east, where the relief can be as great as 152 m or 498 ft, to
less than 3 m or 10 ft in the Tulare Lake bed to the west. Much of the Pliocene, Pleistocene, and
Holocene age arkosic material was derived from the Sierra Nevada just east of the project area. CA-DWR
(2003) reports this arkosic material is divided into three stratigraphic units—continental deposits, older
alluvium, and younger alluvium. The continental deposits are deeply weathered, poorly to highly
permeable Pliocene and Pleistocene deposits. Older alluvium makes up the major aquifer in the Kaweah
Subbasin and overlies the continental deposits. These deposits are moderately to highly permeable. The
younger alluvium consists of moderately to highly permeable arkosic beds consisting of sand and silty
sand (CA-DWR, 2003).
Basement geology, some of which outcrops in the AEM field area and is traversed by several of the AEM
reconnaissance flight lines, consists of Mesozoic granitic units and ultramafic rocks, chiefly Mesozoic,
including the Kings-Kaweah ophiolite mélange.
Figure 2-1 presents the local geology in the Kaweah Subbasin AEM survey area.

2.1.2 Surficial Geology
The surficial geology of the project area, presented in Figure 2-1, is a complex assortment of Tertiary to
early Quaternary deposits (Davis et al., 1964; Matthews and Burnett, 1965). Quaternary basin (Qb) and
fan (Qf) deposits comprise the primary material around the Visalia area (approximately mid-center of
project area). The Qf sediments generally are coarsest near the upper parts of the alluvial fans
valleyward and finer toward the Valley’s trough (Barow et al, 1998).
Plio-Pleistocene continental deposits (Qc) primarily consisting of the Tulare Formation (QTt; Page, 1983)
and Upper Pliocene San Joaquin Formation (Tsj; Page, 1983) underlie the Qb/Qf deposits (Table 2-1).
The Mesozoic granitic rocks (gr), and overlying ub ophiolites in spots, primarily serve as both the
basement complex and crop out as the primary deposits of the Sierra Nevada. About 5 km to the
southwest of the project area, the Tulare Lake Bed (Ql) forms a large flatland that under natural
conditions was poorly drained (Davis et al., 1964). The Ql is named for the Tulare Lake that covered
much of the region in the Pleistocene (Planert and Williams, 1995).
The Sierra Nevada are the predominant topographic feature in the area. However, at the project area,
the SJV is the primary surficial feature. On the eastern side of the SJV, the QTt conformably overlies the
Tsj (Page, 1986). These two formations, in turn, generally overlie Tertiary marine deposits described
below. Page (1986) discusses the QTt and Tsj Formations in more detail than what is presented in this
report. The following discussions of the two formations are based largely on his work.
The QTt generally consists of continental beds of poorly consolidated sandstone, siltstone, and
conglomerate (Matthews and Burnett, 1965). The QTt thins from west to east where it eventually
becomes indistinguishable with other continental rocks (Hilton et al., 1963). Near the southwest corner
of the project area the thickness of the QTt can exceed 1,000 m (Page, 1986).
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Figure 2-1. Surface geologic map of the Kaweah Subbasin AEM survey area in relation to the AEM
flight lines. (modified from California Geological Survey, 2010). The areas circled represent locations
where the AEM flight lines crossed pre-Tertiary metavolcanics geology.
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Table 2-1. Table of generalized geologic formations in the project area.
Age

Unit/
Formation

Description1 [symbols in parentheses after Matthews and Burnett
(1965); QTt, Tsj, and Te (Page, 1983)]
(Younger) - (Qf, Qb) Aerially extensive. Include younger alluvium, floodbasin deposits, and sand dunes. Heterogeneous clean well-sorted sand
and gravel deposited by perennial stream such as the Kaweah. Coarse
sand and gravel interbedded with finer grained poorly sorted material
deposited during floods. Permeability generally high. Maximum
thickness about 20 m.

Alluvium

(Older) - (Qf, Qb) Aerially extensive. Include older alluvium, lacustrine,
march, and basin deposits, as well as terrace and major alluvial fans.
Older alluvium makes up a majority of the aquifer in the project area.
Deposits range from poorly sorted fine-grained material to lenses of
coarser grained sand and gravel that represent buried channels of minor
streams. Coarser grained than underlying Continental deposits.
Generally, less permeable than younger alluvial fans. Maximum
thickness2 ~100 m.

Continental
deposits

(Qc): Unconsolidated deposits that yield about 10 percent of
groundwater to wells. Derived from eastern sources (e.g., Sierra
Nevada). Consist of silt, clay, sandy clay, clayey and silty sand, sand, and
gravel.3

PlioPleistocene

Tulare
Formation

(QTt): Heterogeneous mix of continental rocks of poorly consolidated
sandstone, siltstone, and conglomerate. Interfingers with the Turlock
Lake Formation north and west in the valley. Maximum thickness of QTt
can be over 1,000 m. QTt contains Page’s (1986) very low permeable
“Modified E Clay” of which the Corcoran Clay Member is associated.
Modified E Clay thins easterly to 0 m.

Pliocene

San
Joaquin
Formation

(Tsj): Marine and nonmarine sedimentary rock. Fine-grained silty
sandstone, silt and clay.

Continental
and Marine
deposits

(Tm) Deep Miocene and Pliocene deposits in the San Joaquin Valley.
Metamorphosed shale, sandstone, limestone, and chert, intruded by
great masses of granodiorite and related igneous rocks. Might include
the Etchegoin Formation3. Deposits of clay, claystone, silt, sand,
sandstone, and some conglomerate. Maximum thickness4 more than
3,000 m. Not shown in Matthews and Burnett (1965).

Marine and
Nonmarine

(ub, m) Mesozoic ultrabasic intrusive rocks—ophiolites, serpentine, etc.;
locally including talc, schist, etc. Undifferentiated metamorphic rocks of
pre-Cretaceous age. Includes Jurassic age metamorphosed marine
limestones and dolomites.

Intrusives

(gr, ms) Massive undifferentiated granites, granodiorites, and related
granitic rocks. Unnamed pre-Cretaceous metasedimentary rocks
primarily composed of schists, quartzite, slate, and marble. Generally,
serve as basement complex.

Holocene

Cenozoic

Tertiary

Mesozoic

PreTertiary2

Modified from Davis et al., 1964; Matthews and Burnett, 1965; Page and LeBlanc, 1969; Muir, 1977; Page, 1983;
California Department of Water Resources, 2003.
1
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Matthews and Burnett, 1965; Page, 1986.
Page, 1983.
4
Includes continental and marine sedimentary rocks of Cretaceous age (Muir, 1977).
2
3

The QTt contains the Corcoran Clay Member, a diatomaceous laterally extensive clay that is part of the
extensively mapped lacustrine “modified E Clay” (Page, 1986; hereinafter the E Clay). Page (1986) and
the Kaweah Delta Water Conservation District (2015) report the eastern boundary of the E Clay, that
part within the project area, lies in or near Visalia. Here, the E Clay thickens from 0 m near Visalia to
over 18 m near the southwest corner of Tulare County. The E Clay thickens to around 49 m beneath the
Tulare Lake Bed (Page, 1986). Note, some reports (e.g., cross sections in KDWCD, 2015) indicate the E
Clay could be within the younger Pleistocene and Holocene sediments. For this report, usage will be
Plio-Pleistocene as described in Page (1986).
Woodring et al. (1940) described the base of the QTt as a layer just above the upper Mya zone of the
Tsj. The “upper Mya zone refers to the uppermost strata in which the burrowing pelecypod, or clam,
Mya occurs in the San Joaquin Formation” (Page, 1983, p. 7). Where present, the Mya zone and folded
strata have been used to mark the contact of the QTt in the subsurface. Moreover, “this base marks a
change from a dominantly marine environment [Tsj] to a continental environment [QTt] of lakes,
swamps, and streams” (Page, 1983, p. 7).
The partly continental and partly marine Tsj generally consists of fine-grained silty sandstone, sit and
clay (Matthews and Burnett, 1965; Page, 1986). The Tsj has different sediment types, but much of the
formation contains silt and silty sandstone. In the Kettleman Hills area (approximately 25 miles or 40 km
southwest of the project area), the formation contains a basal conglomerate (Page, 1986). Moreover,
the Tsj is the youngest formation in the SJV of marine origin (Page, 1986). No documentation has been
found to show that the basal conglomerate extends to the project area.

2.1.3 Tertiary Geology
This section and the next section of this report give only brief overviews of the Tertiary and Pre-Tertiary
deposits in and around the project area. Bartow (1991) goes into substantial detail regarding the
sedimentary sequences of the San Joaquin Valley.
Tertiary geology within and adjacent to the project area is a complex sequence of marine to nonmarine
sediments (Tm) (Table 2-2). Tertiary sediments composed of “metamorphosed shale, sandstone,
limestone, and chert, intruded by great masses of granodiorite and related igneous rocks” (Davis et al.,
1964, p. 11) and found at depth. Tertiary deposits include marine rocks and deposits of Miocene and
Pliocene age and primarily consist of sand, clay, silt, sandstone, shale, mudstone, and siltstone (Page,
1986). Table 2-2 describes the primary Tertiary sediments in the project area. Wells yield little to no
water, but form the eastern boundary to the groundwater basin (Muir, 1977).
Page (1983) reports the Miocene age Etchegoin Formation (Te) underlies the Tsj. The transgression of
the Te over the older Miocene enabled the creation of basin-ward alluvial fans and deltas from
abundant coarse detritus coming out of the rising Sierra Nevada (Bartow, 1991).
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Table 2-2. Summary information for Quaternary and Tertiary aquifer units within the area. Included
in this table are the geologic system hosting the aquifer, generalized aquifer thickness, and a general
discussion regarding the aquifer framework, groundwater flow system characteristics, and aquifer
parameters.
System
Quaternary

Series

Hydrologic unit

Maximum thickness, ft.

Holocene to
Plio-Pleistocene

Aquifer in
undifferentiated Central
Valley alluvial
deposits

Generally, less than
328 ft or 100 m

Undifferentiated sand and gravel units in younger and older alluvium (alluvial fans) and
paleo-valley systems. Younger alluvium is highly permeable beneath river channels,
poorly permeable beneath flood plains. Yields small to moderate quantities of water to
wells. Older alluvium serves as primary aquifer. Yields to wells are small to large.
Kaweah River stream-aquifer systems can be intermixed with flood deposits. Hydraulic
head is typically unconfined. Locally or regionally hydraulically connected to underlying
Plio-Pleistocene deposits. Recharge is principally from influx from adjacent near
mountain boundaries, leakage from surface-water canals, and local precipitation.
Surface-water canal leakage can be rapid if the source area is primarily sand and gravel.
Typical wells capable of yielding between 20 and 3,434 gpm (76 and 13,000 Lm-1).
Horizontal hydraulic conductivity values can exceed 140 md-1.
Quaternary

Plio-Pleistocene

Aquifer in Tulare
Formation

Can exceed 3,281 ft or
1,000 m

Tulare Formation... Aquifer underlies much of the southern part of California’s Central
Valley (San Joaquin Valley). Interfingers with the Turlock Lake Formation at depth in the
Central Valley to the north and west. Lies at considerable depth in the Fresno area so
few wells tap the aquifer (Muir, 1977). Considered unconfined except where the
Corcoran Clay Member, or “E-clay” exists. Well yields variable; wells capable of
producing up over 2,906 gpm (11,000 Lmin-1), but vary greatly by location. Horizontal
hydraulic conductivity values for deposits within or near the project area not
determined from aquifer tests.
Tertiary

Pliocene

Aquifer in the San
Joaquin Formation

Generally, not a source of groundwater due to depths and saline concentrations.
Saturated thickness varies by location. Thins easterly.

11

Hydrogeologic Framework of Selected Areas of the Kaweah Subbasin Region

2.1.4 Pre-Tertiary Geology
Pre-Tertiary age rocks in the project area include granitic (gr) and metamorphic rocks (ms) that crop out
along the eastern flank of the Central Valley (Matthews and Burnett, 1965; Page, 1986) and nonmarine
and marine sediments such as ophiolites (ub, m) in the Central Valley. The Sierra Nevada Mountains
form the eastern side of the valley and “is the eroded edge of a huge tilted block of crystalline rock that
also partially defines the base of the valley sediments” (Planert and Williams, 1995, p. B16). The uplift
that formed the Sierra Nevada likely occurred during the Late Jurassic to Late Cretaceous (Planert and
Williams, 1995). These basement intrusives create the eastern boundary of the groundwater basin.
Moreover, the upthrust of the Sierra Nevada tilted the younger Tertiary and pre-Tertiary continental
and marine rocks and deposits in the SJV.

2.2 Kaweah Subbasin AEM Survey Area Hydrogeologic Characteristics
The primary hydraulic features in the project area are related to the major streams, the Kaweah and
Tule Rivers, whose headwaters are in the Sierra Nevada Mountains, and several large surface-water
canals. The Kaweah and Tule River Basins are closed in the sense that the Kaweah River flows westerly
from its reservoir at Lake Kaweah to McKay Point where water is equally diverted into two rivers—
Lower Kaweah and St. Johns (KDWCD, 2018). The Lower Kaweah breaks into four lesser natural and
manmade dendritic distributaries on the alluvial fan—Cameron, Deep, Mills, and Packwood Creeks.
Additional creeks bring water and sediment into the valley (e.g., Yokohl Creek). However, KDWCD (2015)
reports the Kaweah River is a primary surface-water source in the area for groundwater recharge.
Highest peak monthly outflows at the Terminal Dam (Kaweah Lake) since January 2010 generally
occurred during the March to July time frame—sometimes during a single month or for four or five
month stretches (CA-DWR, 2018a). Since January 2010, the average monthly peak outflow from Success
Dam was about 4.1 x 107 m3, whereas the greatest was about 2.4 x 108 m3.
The Tule River flows along the bottom of the project area. Its primary reservoir just outside the project
area is Lake Success. From Success Dam, the Tule River flows southwest then northwesterly through the
southern edge of Porterville, CA. Similar to Lake Kaweah, the highest peak monthly outflows since
January 2010 generally occurred during the January to July time frame—sometimes during a single
month or for four or five month stretches (CA-DWR, 2018b). Since January 2010, the average monthly
peak outflow from Success Dam was about 1.2 x 107 m3, whereas the greatest was 1.2 x 108 m3.
Two prominent canals in the project area—the Friant-Kern Canal and the Lakeland Canal—serve various
water districts in and around the project area. The 245-km long cement lined Friant-Kern Canal traverses
the eastern portion of the project area and augments the Kaweah River supply, where it either
percolates or offsets groundwater extraction (KDWCD, 2015, 2018).
KDWCD, the surface water conservation district in the project area, takes some water from the FriantKern canal (Central Valley Project [CVP]). KDWCD (2017) reports that the Kaweah River, in normal years,
reaches its highest stage in May or early June—as seen above in discussion from the Kaweah Lake—with
an average annual runoff of 5.6 x 108 m3. Besides the Kaweah River, water enters the district to infiltrate
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into the groundwater by way of canals from the Kings River and smaller streams (e.g., Dry and Yokohl
Creeks). Water also is imported from the CVP, with a total surface-water supply for 2017 of 1.48 x 109
m3 (KDWCD, 2017).
McKay Point serves as a significant geographical feature in the KDWCD. Here, the Kaweah River equally
divides into the St. Johns River and Lower Kaweah River. Then, within the KDWCD, water from these two
rivers branches divide into both natural and manmade distributaries forming the Kaweah Delta (KDWCD,
2017).

2.2.1 Groundwater in the Kaweah Subbasin Area
Under natural conditions groundwater moves from recharge areas at the foothills of the Sierra Nevada
southwest toward the valley trough—from an unconfined system to a confined system (Page, 1986).
This water resupplies the Qf which serves as the major aquifer in the area (Galloway, 1999). Moreover,
groundwater supplies all municipal and industrial water use within the KDWCD, which mostly
encompasses the project area (KDWCD, 2018). Although groundwater supplies all municipal and
industrial use wells, resupplying the groundwater under non-natural conditions is now completed with
myriad diversions from irrigation and supply canals (e.g., Friant Kern Canal, Lakeland Canal, others
outside project area: Homeland Canal, Liberty Mile Canal, Blakeley Canal; Goose Creek Canal) in the
project area that supply recharge water to the system.
The shallow, unconfined or partially-confined Qf aquifers occur throughout much of the valley. Galloway
(1999) reports these shallow unconfined aquifers are particularly important near the margins of the
valley and near the toes of younger alluvial fans. As mentioned above, under natural conditions water
infiltration through stream channels near the valley margins was the primary means to replenish
groundwater supplies. Runoff from streams emitting out of the Sierra Nevada provided most recharge
for valley aquifers. Infiltration and seepage from streams and lakes on the valley floor also recharged the
aquifer, but to a much lesser extent. Galloway (1999) reports that in 1999, the natural recharge
replenishment mechanism of the aquifer systems remained relatively the same. However, Galloway
(1999) noted that even in 1999 that more water was being discharged (pumped) from the aquifer
system than was being recharged, resulting in land subsidence in some areas.
Generally, groundwater in the Qf is under unconfined conditions. Groundwater in the QTt, however, can
be unconfined, semi-confined, or confined. Where found within the QTt, the E Clay; as well as other clay
layers (e.g. A and C Clays), act as a confining or semi-confining unit. Therefore, these can be a substantial
hydrogeologic unit within the QTt. Planert and Williams (1995) report that recent studies suggest
vertically and horizontally scattered clay lenses exist throughout the QTt rather than a single clay unit.
Page and LeBlanc (1969) report three confined aquifers due to the clay below the A, below the C, and
below the E clay layer. Generally hydraulic head decreases with increasing depth so the clays allow for a
slow vertical passage of groundwater.
Groundwater-level elevations in the form of water-table maps provide guidance to direction of
groundwater flow. The groundwater elevation in the project area is generalized and shown in Figure 2-2.
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Figure 2-2. Map showing highly generalized regional groundwater elevations around the project area,
2017. Data from USGS, 2018.
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Depths to groundwater below ground surface (bgs) vary greatly with topography. Groundwater levels in
the upland areas typically are (1) under unconfined and (2) have depths to water that generally are less
than 3 to 15 m (10 to 50 ft ) bgs. Generally, groundwater levels in the Qb/Qf is unconfined. Within the
QTt, groundwater conditions generally are semi-confined to confined where the E Clay is present.
Regional maps showing the configuration of the water table (Figure 2-2) indicate groundwater flow from
east to west. The U.S. Geological Survey’s (USGS) National Water Information System (NWIS) was used
to access the most recent water levels since 1970 per well from 495 wells with depths greater than 23 ft
or 7 m in Tulare and Kings Counties, California. These data were used to determine general groundwater
indications in and around the project area. Wells less than 7 m (23 ft) deep were excluded due to a large
number of them (about 180) in the center of the valley. Data from the 495 wells indicate a general
pattern of shallowest in the east (near the Sierra Nevada foothills) to deepest in the west (near the
center of the valley). Spring 2017 groundwater-levels from 34 of these same wells were looked at and 16
of the 34 water levels were in close proximity (within 15 km or 9 miles) of the project area. Most (69
percent, or 11 of 16) of the wells had water levels were greater than 98 ft (30 m) below the land surface.
However, aerial placement of the wells did not facilitate groundwater flow paths. However, in 2017
KDWCD (2017) measured 236 wells in and around their district. They compared 201 of these
measurements 2016 water levels. KDWCD comparisons show an overall combined 2016 to 2017 waterlevel change in their district of 0.85 m or 2.8 ft.
KDWCD (2017) spring 2017 groundwater elevation map, similar to long term data from the NWIS, show
groundwater gradients generally slope from east to west (Figure 2-2). The highest groundwater
elevations were found just west of McKay Point, whereas the lowest were found in areas in and around
Hanford and Corcoran, California. Note, most water levels in and around Corcoran are semi-confined to
confined by the E Clay, while those water levels east of Visalia and onto McKay Point are generally
unconfined. Although the KDWCD groundwater contour map was computer generated, the map is more
than sufficient to show a generalized groundwater gradient of east to west. Similarly, spring 2018
groundwater level data (CA-DWR, 2018a) also show water levels were shallowest at the foothills of the
Sierra Nevada (< 6 m or 20 ft bgs). Further, towards the middle of the valley, water levels ranged from
30 to 100 m (98 ft to 328 ft) bgs.
Temporally, USGS site 364200119420003 shows quite a variation in dates when groundwater levels
generally reached pre-stress levels (USGS, 2018). At this site, pumpage of nearby wells occurred toward
the end of August in 2015, but much of the first half of 2016, and as late as March and May in 2017 and
2018, respectively (Figure 2-3). Pumpage from large volume production wells during irrigation season
stresses the aquifer. The magnitude of stress from pumpage and any corresponding groundwater-level
decline is dependent on many factors—e.g., characteristics of the aquifer, the amount and timing of
rainfall, land use, and density of high-volume wells stressing the aquifer. Consequently, pumpage of high
capacity wells during drought conditions would cause groundwater levels to decline more than during
times when precipitation is timely and plentiful. Recovery of groundwater levels during the nonirrigation season also is more difficult during drought. The amount of recovery is dependent on the
amount and source of recharge available. Copious amounts of precipitation or leakage from surface-
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water canals can help groundwater levels recover to or exceed pre-stress groundwater levels; whereas
drought conditions can dampen recovery of groundwater levels.

Figure 2-3. Graph showing groundwater fluctuations at USGS groundwater recorder
364200119420003 near Fresno, not far from the project area (USGS, 2018).

2.2.2 Aquifer Characteristics
Aquifer characteristics of the project area were compiled from localized or large regional studies.
Aquifer tests (constant discharge, slug, or permeameter) performed in or near (within 31 miles or 50
km) of the project area, help characterize the aquifer(s). However, discussions on aquifer tests are point
source tests and should not be construed as representing an aquifer as a whole. Point-source tests can
be qualitatively used to represent regional systems when viewed with certain caveats (e.g., difference in
scale—local vs. regional, difference in sediment, and difference in aquifer thickness). Keeping scale in
mind, all discussion of aquifer tests herein are local tests used to represent a regional system.
Consequently, these values are reported as regional generalities and not meant to qualitatively
represent any place other than where the aquifer tests were performed.
Aquifer tests conducted in or near the project area and available to the public are limited. There appear
to have been numerous aquifer tests during the 1950s in and around Fresno (about 25 miles of 40 Km
north-northwest of the project area); however, this report consolidates these tests into those described
in references in Page and LaBlanc (1969) (Table 2-3).
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Table 2-3. Summary of generalized aquifer-test data in or near the project area (--, not reported or
not applicable; UTLF, Upper Turlock Lake Formation; LTLF, Lower Turlock Lake Formation; SJV, San
Joaquin Valley; JID, James Irrigation District]
Year
Location
Kr (md-1)
T (m2d-1)
Sy
S
Researcher(s)
published
USGS and
Noltea
White

1957

2016

Fresno, California

0 to 143

650 to 2,000

0.2 to
0.36

--

Visalia, California

--

232b

--

--

UTLF

13.586

253

--

--

LTLF

0.336

2.558

--

--

Schmidtc

2004

Well C-81 K Basin

--

596 to 907

--

--

Driscolld

1986

SJV, northern part
JID

--

1,320 to 1,580

--

--

Driscolle

1986

SJV, southern part
JID

--

1,060

--

--

City of San
Joaquin

2003

Well No. 5

--

485

--

--

19S/18E-35E1

--

1,240 to 1,860

--

--

20S/19E-25Q1

3

870

--

3x10-4

20S/22E-10H2

--

323

--

--

23S/25E-17Q2

--

186

--

1x10-5

24S/22E-28A2

--

559 to 808

--

5x10-4

24S/25E036J1

--

186

--

--

USGSf

1954

Referenced in Page and LeBlanc, 1969
Determined using constant-head permeameter testing (White, 2016).
c
Referenced in Provost & Pritchard Consulting Group, 2015, Appendix F; not found in references
d
Compilation of regional specific capacity values of pump tests across San Joaquin Valley
e
Likely in unconfined aquifer above the E Clay
f
McClelland, 1962
a

b

Horizontal hydraulic conductivity (Kr) values in Qf sediments ranged from 0 to 143 md-1. Consequently,
this indicates a large heterogeneity in the Qf deposits. Transmissivity values depend on the Kr and
saturated thickness. The volume of water that moves through an aquifer would depend on the
groundwater gradient at the site.
Specific yield (Sy) can be related closely to, but is less than an aquifers total porosity Bear (1979).
Specific Yield is an estimate of the percentage of water in an aquifer that will drain under gravity (Heath,
1983). Specific Yield values in Qaf deposits were reported by references in Page and LeBlanc (1969) as
0.2 to 0.36.
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2.2.3 Connectivity to Surface Water and to Other Aquifers
Groundwater connectivity to surface-water systems in the project area is complex due to the numerous
surface-water features that recharge the groundwater system.

2.2.4 Water Quality
Concentrations of total dissolved solids (TDS) above 1,500 milligrams per liter (mg/L) can affect the bulk
resistivity values impacting the interpretations of the geological materials. Therefore, TDS data from 107
wells in the USGS NWIS (USGS, 2018) were used to determine TDS concentrations in the Kaweah
Subbasin AEM project area. Almost all wells showed TDS concentrations less than the 1,500 mg/L
threshold. Those that did have samples greater than 1,500 mg/L were west of the flight area (Figure 24), in the Tulare Lake Bed area. As a result, groundwater samples collected from wells throughout the
Kaweah Subbasin AEM project area show most TDS concentrations were less than the 1,500 mg/L
threshold and; therefore, water quality in the project area likely did not affect interpretation of bulk
resistivity values.
Nitrate as nitrogen concentrations in water samples in Kings and Tulare Counties were downloaded
from USGS NWIS (USGS, 2018). Data indicate 138 samples from 1979 to 2015 ranged from nondetectable to 100 mg/L (Figure 2-5). About two-thirds of the concentrations (68%, 94 of 138 samples)
were less than the U.S. Environmental Protection Area (EPA) Maximum Contaminant Level (MCL) of 10
mg/L. Moreover, samples exceeding 10 mg/L generally were scattered throughout the project area.
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Figure 2-4. Map showing concentrations of total dissolved solids in groundwater samples in Kings and
Tulare Counties, California. (USGS, 2018)
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Figure 2-5. Map showing concentrations of nitrate in groundwater samples in Kings and Tulare
Counties, California. (USGS, 2018)
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3

Additional Background Information

Various sources of background information were used to interpret the AEM data, which is discussed in
Section 5.

3.1 Borehole Data
Borehole data for this project consisted of a combination of lithologic and downhole geophysical logs.
The borehole information was gathered by GEI Consultants under a separate contract with Stanford
University. The borehole logs were first provided on November 2, 2018.
The locations of the boreholes utilized in the Kaweah Subbasin AEM survey analysis are indicated in
Figure 3-1. A total of 440 holes contained lithology information and 52 holes contained geophysical
information within the Kaweah Subbasin AEM survey area.

Figure 3-1. Locations of the boreholes near the Kaweah Subbasin AEM survey area. Blue circles
represent boreholes with lithology information and yellow circles are borehole locations with
geophysical information. AEM flight lines are in red.
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Part of the AEM inversion analysis is also an analysis of the borehole logs. As noted in Section 3 there
were 440 lithological logs made available. Of these, the mean bottom depth of the lithology logs was
110 m (361 ft) with a standard deviation of 89 m (292 ft) and maximum bottom depth of 738 m (2,420
ft). Of the 52 resistivity logs made available, the average bottom of borehole depth of the resistivity logs
was 337 m (1,106 ft) with a standard deviation of 352 m (1,155 ft) and a maximum bottom depth was
1,634 m (6,226 ft), much deeper than the AEM is imaging. There is discussion coming below on the
comparison of the borehole resistivity logs and the AEM inversion results in Section 5.3.
Since, typically, resistivity logs are of various vintages and acquired by various staff with differing
equipment, a critical examination of the absolute values of the resistivity needs to include an awareness
of errors in calibration and in the proper operation of the equipment. There is a long-standing issue with
using geophysical logs as ground truths when comparing to AEM inversions that are well calibrated using
modern techniques. Throughout much of the geophysical logging world at the time it was acquired, the
relative deflections of the resistivity measurements were all that was required or expected from a
geophysical log. Operators were seldom trained in the proper operation of a calibrated sonde or in the
ability to recognize high contact resistance of a cable head. This has led to many geophysical logs that
are potentially uncalibrated. Note that these logs still have scientific merit in their ability to relatively
indicate an increase or a decrease in the formation resistivity. The logs used herein are for qualitative
comparison to the AEM because detailed calibration and corrections would need to be carried out for
the resistivity values in some of the logs to be directly used as numerical constraints in the inversion of
the AEM data (Ley-Cooper and Davis, 2010).
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4

Geophysical Methodology, Acquisition and Processing
4.1 Geophysical Methodology

Airborne Transient Electromagnetic (TEM) or airborne Time-Domain Electromagnetic (TDEM), or
generally AEM, investigations provide characterization of electrical properties of earth materials from
the land surface downward using electromagnetic induction. Figure 4-1 gives a conceptual illustration of
the airborne TEM method.

Figure 4-1: Schematic of an airborne electromagnetic survey, modified from Carney et al. (2015).
To collect TEM data, an electrical current is sent through a large loop of wire consisting of multiple turns
which generates an electromagnetic (EM) field. This is called the transmitter (Tx) coil. After the EM field
produced by the Tx coil is stable, it is switched off as abruptly as possible. The EM field dissipates and
decays with time, traveling deeper and spreading wider into the subsurface. The rate of dissipation is
dependent on the electrical properties of the subsurface (controlled by the material composition of the
geology including the amount of mineralogical clay, the water content, the presence of dissolved solids,
the metallic mineralization, and the percentage of void space). At the moment of turnoff, a secondary
EM field, which also begins to decay, is generated within the subsurface. The decaying secondary EM
field generates a current in a receiver (Rx) coil, per Ampere’s Law. This current is measured at several
different moments in time (each moment being within a time band called a “gate”). From the induced
current, the time rate of decay of the magnetic field, B, is determined (dB/dt). When compiled in time,
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these measurements constitute a “sounding” at that location. Each TEM measurement produces an EM
sounding at one point on the surface.
The sounding curves are numerically inverted to produce a model of subsurface resistivity as a function
of depth. Inversion relates the measured geophysical data to probable physical earth properties. Figure
4-2 shows an example of a dual-moment TEM dB/dt sounding curve and the corresponding inverted
electrical resistivity model.

Figure 4-2: A) Example of a dB/dt sounding curve. B) Corresponding inverted model values. C)
Corresponding resistivity earth model.

4.2 Flight Planning/Utility Mapping
The primary source of noise in geophysical electromagnetic surveys are other electromagnetic devices
that are part of typical municipal utility infrastructure. These include, for example, power lines,
railroads, pipelines, and water pumps. Prior to AEM data acquisition in the Kaweah Subbasin, three
types of utilities (pipelines, railroads, and power lines) were located.
The locations of the flight lines were converted from a regularly spaced grid to one with flight lines
optimized in order to avoid electromagnetic coupling with the previously mentioned utilities. This was
done by moving along each flight line in Google Earth to inspect the path for visible power lines, radio
towers, railroads, highways and roads, confined feeding operations and buildings, and any other
obstructions that needed to be avoided during flight. The paths of the flight lines were also modified so
as to fly closer to known borehole locations.
At the conclusion of the design process, the Kaweah Sub-Basin AEM flight lines were arranged into
reconnaissance flight lines approximately 44 km in length (27 miles) at their longest and approximately 4
km (2.5 miles) at their shortest. The reconnaissance flight lines were separated by about approximately
4 to 5 km2 or (2.5 to 3 miles). (Figure 1-2 and Figure 4-5).
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4.3 AEM Survey Instrumentation
AEM data were acquired using the SkyTEM312 (312) airborne electromagnetic system (SkyTem Airborne
Surveys Worldwide, 2018). The 312 is a rigid frame, dual-magnetic moment (Low and High) TEM system.
The area of the 312 Tx coil is 342 m2. A peak current of six (6) amps is passed through two (2) turns of
wire in the Tx for Low Moment measurements and a peak current of 110 amps is passed through the
twelve (12) turns of wire for High Moment measurements. This results in peak Tx Low and High
magnetic moments of ~4,100 Ampere-meter-squared (A*m2) and ~450,000 A*m2, respectively.
The SkyTEM312 system utilizes an offset Rx positioned slightly behind the Tx resulting in a ‘null’ position
which is a location where the intensity of the primary field from the system transmitter is minimized.
This is desirable as to minimize the amplitude of the primary field at the Rx to maximize the sensitivity of
the Rx to the secondary fields. The 312 multi-turn Rx vertical (Z) coil has an effective area of 105 m2. In
addition to the Tx and Rx that constitute the TEM instrument, the 312 is also equipped with a Total Field
magnetometer (MAG) and data acquisition systems for both instruments. The 312 also includes two
each of laser altimeters, inclinometers/tilt meters, and differential global positioning system (DGPS)
receivers. Positional data from the frame mounted DGPS receivers are recorded by the AEM data
acquisition system. The magnetometer includes a third DGPS receiver whose positional data is recorded
by the magnetometer data acquisition system. Figure 4-3 gives a simple illustration of the 312 frame and
instrument locations. The image is viewed along the +z axis looking at the horizontal x-y plane. The axes
for the image are labeled with distance in meters. The magnetometer is located on a boom off the front
of the frame (right side of image). The Tx coil is located around the octagonal frame and the Rx Coil is
located at the back of the frame (left side of image).
The coordinate system used by the 312 defines the +x direction as the direction of flight, the +y
direction is defined 90 degrees to the right and the +z direction is downward. The center of the
transmitter loop, mounted to the octagonal SkyTEM frame is used as the origin in reference to
instrumentation positions. Table 4-1 lists the positions of the instruments and Table 4-2 lists the corners
of the transmitter loop.
The DGPS and magnetometer mounted on the frame of the 312 require the use of base stations, which
are located on the ground and are positioned in an area with low cultural noise. In this case these
instruments were located at the Mefford Field Airport, south of Tulare, California. Data from the
magnetometer and DGPS base stations were downloaded each day after the end of the day’s AEM
flights. The DGPS and magnetometer base stations were placed at the Universal Transverse Mercator
(UTM) coordinate system Zone 10 North (Table 4-3). The horizontal geodetic reference used is North
American Datum of 1983 (NAD83 in meters). All elevations are from USGS’s National Elevation Dataset,
referenced to the North American Vertical Datum of 1988; with meters as the unit of measurement.
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Figure 4-3: SkyTEM304M/312 frame, including instrumentation locations and X and Y axes. Distances
are in meters. Instrumentation locations listed in Table 4-1.

Figure 4-4: Photos of the SkyTEM312 system in suspension beneath the helicopter.
For this project, the 312 was flown at an average speed of 55 mi/hr (89.0 kilometers/hr) at an average
flight height of 39.6 m (130 ft) above the land surface, using the sling-load cargo system of a Eurocopter
AS350 helicopter. Figure 4-4 displays a couple of images of the 312 in operation.
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Table 4-1: Positions of instruments on the SkyTEM312 frame, using the center of the frame as the
origin, in meters.
DGPS 1

DGPS 2

Inclinometer 1

Inclinometer 2

11.68
2.79
-0.16

10.51
3.95
-0.16

12.79
1.64
-0.12

12.79
1.64
-0.12

X
Y
Z

Altimeter
1
12.94
1.79
-0.12

Altimeter
2
12.94
-1.79
-0.12

Magnetic
Sensor
20.50
0.00
-.56

Rx Coil
-13.25
0.00
-2.00

Table 4-2: Positions of corners of the SkyTEM312 transmitter coil, using the center of the frame as the
origin, in meters.
Tx Corners
X
Y

1
-12.55
-2.10

2
-6.03
-8.63

3
6.03
-8.63

4
11.34
-3.31

5
11.34
3.31

6
6.03
8.63

7
-6.03
8.63

8
-12.55
2.10

Table 4-3: Location of DGPS and magnetic field base station instruments at the Mefford Airport.
Instrument
Magnetometer Base Station
DGPS Base Station

Easting (m)

Northing (m)

UTM Zone

290424
290424

4003813
4003813

11 N
11 N

4.4 Data Acquisition
All SkyTEM systems are calibrated to a ground test site in Lyngby, Denmark prior to being used for
production work (HydroGeophysics Group Aarhus University, 2010; HydroGeophysics Group Aarhus
University, 2011; Foged et al., 2013). The calibration process involves acquiring data with the system
hovering at different altitudes, from 5 m to 50 m (16 ft to 164 ft), over the Lyngby site. Acquired data are
processed and a scale factor (time and amplitude) is applied so that the inversion process produces the
model that approximates the known geology at Lyngby.
For these surveys, installation of the navigational instruments in the helicopter and assembly of the
SkyTEM312 system commenced at the Mefford Airport. Calibration test flights were flown to ensure
that the equipment was operating within technical specifications. Survey set-up procedures included
measurement of the transmitter waveforms, verification that the receiver was properly located in a null
position, and verification that all positioning instruments were functioning properly. A high-altitude test,
used to verify system performance, was flown prior to the beginning of the survey’s production flights.
In the field, quality control of the operational parameters for the EM and magnetic field sensors
including current levels, positioning sensor dropouts, acquisition speed, and system orientation were
conducted with proprietary SkyTEM software following each flight.
Approximately 821.1 line-kilometers (506.9 line-miles) were acquired by the SkyTEM312 over the
Kaweah Subbasin AEM survey area on November 9 - 12, 2018. The field at the Mefford Airport was used
for landing and refueling between production flights. A data acquisition map is presented in Figure 4-5
with the flight lines grouped by acquisition date and Table 4-4 lists the acquisition dates, flights, and
amount acquired on each day.
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Figure 4-5: Kaweah Subbasin AEM flight lines grouped by acquisition date.
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Table 4-4. Kaweah Subbasin AEM flight line production by flight.
Date

Flight

Distance (km)

09-November-18

1109FL1

163.7

09-November-18

1109FL2

83.4

10-November-18

1110FL1

152.3

11-November-18

1111FL2

179.5

11-November-18

1111FL1

166.5

12-November-18

1112FL1

75.7

Total

6

821.1

4.4.1 System Flight Parameters
Flight Height
The system height was specified at 30-35 meters AGL; however, due to safety and other judgments by
the pilot the flight heights will deviate. The goal is to maintain a height as low as possible in the window
from 25 to 50 m AGL. In the Kaweah Subbasin AEM data set the average height was 39.6 m AGL with a
minimum of 18.3 m AGL and a maximum of 120.0 m AGL. The maximum flight heights were
encountered over large powerlines. Those data contaminated by the power lines will be removed from
the dataset before inversion due to EM coupling and will not impact the final product. A map of the
flight height throughout the survey area is presented in Figure 4-6.

Flight Speed
Speed determines the distance between ground samples. However, there is a tradeoff between the cost
of the survey and the speed of the system related to the foot print of the system. In many surveys, the
specified speed is 100 km/hr. The critical factor in the flight speed is to maintain a speed where the
system is as level as possible. This may require that the pilot speed up in the downwind direction or
slowdown in the up-wind direction. The pilot uses the readout display of the system tilt angles to help
maintain this speed. A map of the flight speeds of the Kaweah Subbasin AEM survey is presented in
Figure 4-7. The average ground speed of the survey was 89.0 km/hr with a minimum ground speed of
0.4 km/hr and a maximum ground speed of 117.9 km/hr.

System Angles
System angles are critical to ensure that quality data are submitted to the inversion. The system’s Tx
initial current at time-off of 0.0 sec is the image of the size of the loop on the surface. If the system is
tilted, that image will be less than the original size of the TX. Inversion algorithms can account for ±10
degrees of angle in calculating the effective Tx size. To this end, it is important to keep the Tx frame
within ±10 degrees. The position of the Rx is also impacted by the angle of the system and any deviation
from perpendicular has an impact by including off perpendicular components. As noted, algorithms can
account for ±10 degrees in the Rx angle. Both the X-Angle (in the direction of flight) and the Y-Angle
(perpendicular to the direction of flight) were checked during the Kaweah Subbasin AEM survey. When
the system is flown over obstacles or while turning around at the end of a line, the angles can be higher
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than the ±10 degrees. These flight line edges are typically cut out of the survey data set prior to
inversion. Figure 4-8 and Figure 4-9 are plots of the X-angle and the Y-angle tilts, respectively. During the
Kaweah Subbasin AEM survey, both angles were within acceptable ranges. The X-angle averaged
approximately -0.9 degrees with a minimum of -20.3 degrees and a maximum of 25.90 degrees. The Yangle tilt averaged about -0.1 degrees with a minimum of –24.7 degrees and a maximum of 25.6
degrees. Maximum and minimum tilts occurred around infrastructure and will not impact the data as
much of that area will be removed during the decoupling processing

Transmitter Current
The SkyTEM system utilizes a dual-moment system (High (HM) and Low (LM)) and two different Tx
currents and waveforms. These waveforms are recorded before and after the survey to ensure that no
changes have occurred during the survey. Figure 4-10 and Figure 4-11 are plots of the recorded low
moment (LM) and the high moment (HM) Tx waveforms for the SkyTEM312 system, respectively. The
LM Tx source is used to highlight the very near surface geology and the HM current source is used to get
more electromagnetic power at depth to characterize the deeper geologic units
The current should be stable throughout the survey, but changes in the temperature can impact the
resistance of the Tx wire and circuit by either increasing or lowering the peak current output. The peak
current is recorded during acquisition of each sounding and is used to adjust the Tx waveform in the
inversion. For the Kaweah Subbasin AEM survey with the 312 system, the LM mean current was 5.95
amp with a minimum current of 5.94 amp and a maximum current of 5.96 amp. For the 312 HM, the
mean current was 111.3 amp with a minimum current of 107.3 amp and a maximum current of 114.7
amp. All system moments show stability in the current and provided no problems in the inversions.
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Figure 4-6. Map of the system height recorded during the Kaweah Subbasin AEM survey.
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Figure 4-7. Map of the ground speed recorded during the Kaweah Subbasin AEM survey.
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Figure 4-8. Map of the X-angle tilt recorded during the Kaweah Subbasin AEM survey.
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Figure 4-9. Map of the Y-angle tilt recorded during the Kaweah Subbasin AEM survey.
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Figure 4-10. Plot of the 210 Hz LM waveform for the SkyTEM312 system recorded during the Kaweah Subbasin AEM survey. Current ramp up
is on the left and the ramp down to turn off is on the right. The current is normalized. Note the different x-axis scales between the left and
right sides of the figure.
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Figure 4-11. Plot of the 30 Hz HM waveform for the SkyTEM312 system recorded during the Kaweah Subbasin AEM survey. Current ramp up is
on the left and the ramp down to turn off is on the right. The current is normalized. Note the different x-axis scales between the left and right
sides of the figure.
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4.4.2 Primary Field Compensation
A standard SkyTEM data acquisition procedure involves review of acquired raw data by SkyTEM in
Denmark for Primary Field Compensation (PFC) prior to continued data processing by AGF (Schamper et
al., 2014). The primary field of the transmitter affects the recorded early time gates, which in the case of
the Low Moment, are helpful in resolving the near surface resistivity structure of the ground. The Low
Moment uses a saw tooth waveform which is calculated and then used in the PFC correction to correct
the early time gates.

4.4.3 Automatic Processing
The AEM data collected by the 312 were processed using Aarhus Workbench version 5.8.3 (at Aarhus
Geosoftware (https://www.aarhusgeosoftware.dk/workbench-overview)) described in HydroGeophysics
Group, Aarhus University (2011).
Automatic processing algorithms provided within the Workbench program are initially applied to the
AEM data. DGPS locations were filtered using a stepwise, second-order polynomial filter of nine seconds
with a beat time of 0.5 seconds, based on flight acquisition parameters. The AEM data are corrected for
tilt deviations from level and so filters were also applied to both of the tilt meter readings with a median
filter of three seconds and an average filter of two seconds. The altitude data were corrected using a
series of two polynomial filters. The lengths of both eighth-order polynomial filters were set to 15
seconds with shift lengths of six (6) seconds. The lower and upper thresholds were 1 and 100 meters,
respectively.
Trapezoidal spatial averaging filters were next applied to the AEM data. The times used to define the
trapezoidal filters for the Low Moment were 1.0x10-5 sec, 1.0x10-4 sec, and 1.0x10-3 sec with widths of 4,
7, and 18 seconds. The times used to define the trapezoid for the High Moment were 1.0x10-4 sec,
1.0x10-3 sec, and 1.0x10-2 sec with widths of 10, 20, and 36 seconds. The trapezoid sounding distance
was set to 1.0 seconds and the left/right setting, which requires the trapezoid to be complete on both
sides, was turned on. The spike factor and minimum number of gates were both set to 25 percent for
both soundings. Lastly, the locations of the averaged soundings were synchronized between the two
moments.

4.4.4 Manual Processing and Laterally-Constrained Inversions
After the implementation of the automatic filtering, the AEM data were manually examined using a
sliding two-minute time window. The data were examined for possible electromagnetic coupling with
surface and buried utilities and metal, as well as for late time-gate noise. Data affected by these were
removed. Examples of locating areas of EM coupling with pipelines or power lines and recognizing and
removing coupled AEM data in Aarhus Workbench are shown in Figure 4-12 and Figure 4-13,
respectively. Examples of two inversions, one without EM coupling and the other with EM coupling, are
shown in Figure 4-14. Areas were also cut out where the system height was flown greater than 60 m
(200 feet) above the ground surface which caused a decrease in the signal level.
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The AEM data were then inverted using a Laterally-Constrained Inversion (LCI) algorithm
(HydroGeophysics Group Aarhus University, 2011). The profile and depth slices were examined, and any
remaining electromagnetic couplings were masked out of the data set.
After final processing, 626.2 line-km (386.5 line-miles) of 312 data were retained for the final inversions
for the Kaweah Subbasin AEM survey area. This amounts to a data retention of 76.3% for the 312 data
set. These high rates are the result of careful flight line planning and design.

Figure 4-12. Example locations of electromagnetic coupling with pipelines or power lines.
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Figure 4-13. A) Example of AEM data affected by electromagnetic coupling in the Aarhus Workbench
editor. The top group of lines is the unedited data with the Low Moment on top and the High Moment
on the bottom. The bottom group shows the same data after editing.
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Figure 4-14. A) Example of Laterally-Constrained inversion results where AEM data affected by
coupling with pipelines and power lines were not removed. B) Inversion results where AEM data
affected by coupling were removed.

4.4.5 Power Line Noise Intensity (PLNI)
The Power Line Noise Intensity (PLNI) channel assists in identifying possible sources of noise from power
lines. Pipelines, unless they are cathodically-protected, are not mapped by the PLNI. The PLNI is
produced by performing a spectral frequency content analysis on the raw received Z-component
SkyTEM data. For every Low Moment data block, a Fourier Transform (FT) is performed on the latest
usable time gate data. The FT is evaluated at the local power line transmission frequency (60 Hz) yielding
the amplitude spectral density of the local power line noise. The PLNI data for the Kaweah Subbasin
AEM survey are presented in Figure 4-15. The Kaweah Subbasin AEM-flight lines with blue colors
representing data retained for inversion and red lines representing 312 data removed due to
infrastructure and late time noise are presented in Figure 4-16.
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Figure 4-15. Power Line Noise Intensity (PLNI) map of the Kaweah Subbasin AEM project area.

41

Hydrogeologic Framework of Selected Areas of the Kaweah Subbasin Region

Figure 4-16. Locations of inverted data (blue lines) along the AEM flight lines (red lines) in the Kaweah
Subbasin AEM survey area. Where blue lines are not present indicates decoupled (removed) data.
Google Earth kmz’s of the inverted data locations as well as the flight lines are included in Appendix
3\KMZ.
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4.4.6 Magnetic Field Data
As discussed above, the SkyTEM 312 system includes a Total Field magnetometer whose location is
listed in Table 4-1. The magnetic Total Field data can yield information about infrastructure as well as
geology. Figure 4-17 shows the residual magnetic Total Field intensity data for the Kaweah Subbasin
AEM survey area after correcting for diurnal drift and removing the International Geomagnetic
Reference Field (IGRF). This data is also used in decoupling efforts.

Figure 4-17. Residual magnetic Total Field intensity data for the Kaweah Subbasin AEM survey area
corrected for diurnal drift, with the International Geomagnetic Reference Field (IGRF) removed.
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4.5 Spatially-Constrained Inversion
Following the initial decoupling and LCI analysis, Spatially-Constrained Inversions (SCI) were performed.
SCI’s use EM data along, and across, flight lines within a user-specified distance criteria (Viezzoli et al.,
2008).
The Kaweah Subbasin AEM data were inverted using SCI smooth models with 40 layers, each with a
starting resistivity of 50 Ohm-m (equivalent to a 50 ohm-m halfspace). The thicknesses of the layers
increase with depth as the resolution of the technique decreases (an example of a 30-layer model is
presented in Figure 4-18). The thicknesses of the first layer of the 312 models (Table 4-5) were about 3
m with the thicknesses of the consecutive layers increasing by a factor of about 1.07. The depths to the
bottoms of the 39th layers for the 312 were set to 549.9 m, with maximum thicknesses up to about 38.5
m. The spatial reference distance, s, for the constraints were set to 100 m with a power law fall-off of
0.75. The vertical and lateral constraints, ResVerSTD and ResLatStD, were set to 2.3 and 1.3,
respectively, for all layers.
In addition to the recovered resistivity models, the SCI’s also produce data-model residual error values
(single sounding error residuals) and Depth of Investigation (DOI) estimates. The data residuals compare
the measured data with the response of the individual inverted models (Christensen et al., 2009;
SkyTEM Airborne Surveys Worldwide, 2012). The DOI provides a general estimate of the depth to which
the AEM data are sensitive to changes in the resistivity distribution at depth (Christiansen and Auken,
2012). Two DOI’s are calculated: an “Upper” DOI at a cumulative sensitivity of 1.2 and a “Lower” DOI set
at a cumulative sensitivity of 0.6. Examination of the SCI results indicated that a much lower cumulative
sensitivity, maybe 0.1 to 0.2, would still be sufficient to delineate the Kaweah Subbasin AEM DOI. A
more detailed discussion on the DOI can be found in Asch et al. (2015).
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Table 4-5: Thickness and depth to bottom for each layer (in meters and feet) in the Spatially
Constrained Inversion (SCI) AEM earth models for the SkyTEM312. The thickness of the model layers
increase with depth as the resolution of the AEM technique decreases.
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Figure 4-18. An example of an AEM profile illustrating increasing model layer thicknesses with depth.
This is a 30-layer model.

Figure 4-19 presents a histogram of the Kaweah Subbasin SkyTEM 312 SCI inversion data/model
residuals. A map of data residuals for the Kaweah Subbasin AEM study area is presented for the SkyTEM
312 inversion results in Figure 4-20.
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Figure 4-19. Data/model residual histogram for the Kaweah Subbasin SCI inversion results.
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Figure 4-20. Map of data residuals for the Kaweah Subbasin SCI inversion results.

48

Hydrogeologic Framework of Selected Areas of the Kaweah Subbasin Region

5

AEM Results and Interpretation

This section provides the details on the process involved in the interpretation of the Kaweah Subbasin
AEM data and inversion results.

5.1 Interpretive Process – Merge AEM Flight Lines, Construct DEM
5.1.1 Merge AEM Flight Lines and Databases from Different Flights
After the inversion process several short lines were combined to form continuous lines within the survey
area. These continuous lines allow for improved viewing and interpretation of the AEM inversions
results. Table 5-1 lists the original flown lines and the new combined lines for the SkyTEM 312.
Table 5-1. Combination of SkyTEM 312 flight lines within the Kaweah Subbasin AEM survey area.
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5.1.2 Construct the Project Digital Elevation Model
To ensure that the elevation used in the project is constant for all the data sources (i.e. AEM and
boreholes) a Digital Elevation Model (DEM) was constructed for the Kaweah Subbasin AEM survey area.
The data was downloaded from the U.S. Geological Survey National Elevation Dataset (NED) located on
the National Map Website (USGS, 2019) at a spatial resolution of 1/3 arc-second or approximately 10
meters. The geographic coordinates are North American Datum of 1983 (NAD 83) and the elevation
values are referenced to the North American Vertical Datum of 1988 (NAVD 88) meters. Figure 5-1 is a
map of the DEM for the Kaweah Subbasin AEM survey area having a vertical relief within the flight line
coverage of 427 m with a minimum elevation of 63 m and a maximum elevation of 490 m. This DEM was
used to reference all elevations within the AEM and borehole datasets.

Figure 5-1. Map of the Digital Elevation Model for the Kaweah Subbasin AEM survey area. Data source
is the one (1) arc-second National Elevation Dataset (USGS, 2019). North American Datum of 1983
(NAD 83) meters and the elevation values are referenced to the North American Vertical Datum of
1988 (NAVD 88) meters.
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5.2 Create Interpretative 2D Profiles
After final combination of the AEM data, characterization of the subsurface was performed in crosssection format using Datamine Discover Profile Analyst (DatamineDiscover, 2018). During interpretation,
the horizontal and vertical scale of the profiles were adjusted to facilitate viewing. The color scale of the
resistivity data was also adjusted to illuminate subtle differences in the resistivity structure within the
inverted AEM resistivity model related to the area being interpreted. The first step in the interpretation
process was reviewing the previous work that was completed in the area as referenced in Section 2.0.
This included the reports Groundwater Availability of the Central Valley Aquifer, California (Faunt, 2009),
and Water Resources Investigation of the Kaweah Delta Water Conservation District 2003, Revised 2007
(Fugro West, 2007), and research journal articles including Mapping aquifer systems with airborne
electromagnetics in the Central Valley of California (Knight et al., 2018) and Glacially driven cycles in
accumulation space and sequence stratigraphy of a stream-dominated alluvial fan, San Joaquin Valley,
California, U.S.A (Weissmann et al., 2002, 2004). Each of these reports and research articles helped to
provide insight into understanding what was imaged by the Kaweah Subbasin AEM reconnaissance
survey.
In the Fugro West (2007) report there are six cross-sections (plates 14-19) that span the Kaweah
Subbasin AEM survey area. Figure 5-2 presents a Google Earth image that presents the spatial relation
between the Fugro cross-sections and the AEM Reconnaissance flight lines. As an example, Fugro West
cross-section A-A’, plate 14 in Fugro West (2007), is presented in Figure 5-3. Cross-section A-A’, running
east-west, crosses the whole of the Kaweah Subbasin AEM survey area. There are two stratigraphic units
of note on cross-section A-A’. The first is the pre-Tertiary basement material on the east side of the
flight line (the pinkish-colored area) which is indicated to be on the up-side of the normal Rocky Hill
Fault. The second stratigraphic unit of note is the thin zone identified as the “E-Clay” that is thicker on
the west side of the line and thins out to the east, about half-way across A-A’. All six cross-sections in
the Fugro West (2007) report are presented as a 3D fence diagram in Figure 5-4. Comparisons between
the Fugro West (2007) cross-sections and the Kaweah Subbasin AEM inversion results are discussed
below in Section 5.6.
An example of the AEM resistivity inversion results for the Kaweah Subbasin Reconnaissance AEM
survey is presented in Figure 5-5. This is AEM flight line L200300. The dotted blue line is the Fall 2017
water table elevation data acquired at the CA-DWR website (CA-DWR, 2018a) and the grey dashed line
is the “standard”, deeper, depth of investigation (DOI). After examination of the Fugro West (2007)
cross-sections, the high resistivity material on the east side of L200300 is interpreted to be
representative of the pre-Tertiary basement material indicated on Fugro cross-section A-A’ (Figure 5-3)
and the solid black line is the approximate upper contact of the granitic material. Although Fugro crosssection A-A’ indicates that the sub-vertical contact on western side of the granitic material is the
location of the Rocky Hill Fault, no displacement can be identified in the resistivity inversion results in
Figure 5-5. Thus, it has not been interpreted as a fault contact, but rather a depositional contact of the
Quaternary and Tertiary sedimentary material against the pre-Tertiary intrusive granitic material. This is
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not to say that the contact is not a fault contact, but rather there is no visual evidence in the AEM
inversion results to definitely say that the interface is a fault contact.
There are several other observations to note on AEM flight line L200300 (Figure 5-5) including that there
is no indication of the presence of the E-Clay on the western end of the flight line. Another is the slightly
more resistive zone, whose boundary is marked in a red dashed line in Figure 5-5, sitting between two
electrically more conductive zones. Backing up a bit and taking a more general view, it can be observed
that there is a thin blue conductive zone, about 40 m thick, sitting on the granite on the eastern end of
L200300 that continues west off the edge of the granite across the length of the flight line where it has
thickened, up to about 100 m. Closer to the granite, beneath the 40 m conductive zone, is the slightly
more resistive zone whose bounds are marked with the dashed red line in Figure 5-5. Then beneath this
slightly more resistive zone is another conductive zone, also about 80 m – 100 m thick. While the
conductivity indicates that all three of these units have a high clay content, the slightly increased
resistivity of the zone marked with the red dashed line indicates that this zone might be more silty clay
or possibly even sandy clay. So, what is the significance of marking out these three zones?
Figure 5-6 presents, from Weissmann et al. (2002), a stratigraphic sequence for the development of an
alluvial fan coming out of Kings River canyon, the next valley north about 24 km (15 miles) from Kaweah
River canyon. Weissmann et al. (2002) in Figure 5-6 show the prograding development of an alluvial fan
with intermittent periods of deposition of sedimentary materials with, possibly, different lithological
composition. Different lithological composition could translate to materials having varying electrical
resistivities. Thus, it is interpreted here that the three zones of varying resistivity in Figure 5-5 possibly
represent the prograde development of an alluvial fan coming out of the Kaweah River canyon/valley.
However, as indicated in Figure 5-6 by the example of a thick black line with the red arrow pointing at it,
the development of an alluvial fan involves some degree of valley incision. This is further discussed in
Weissmann et al. (2004) which models the development of the incised valley fill.
What is important about identifying the alluvial fan coming out of Kaweah River canyon is that in the
Kaweah Subbasin AEM survey, the indication of an alluvial fan is only clearly observed on one flight line,
L200300, because this AEM survey was designed as a reconnaissance survey with a flight line separation
of 5 km. The flight lines to the north (L200401, Figure 5-7) and to the south (L200200, Figure 5-8) do
show the thin conductor overlying the granitic basement material, but it is not very clear if there is
interbedded coarse material underlying the thin conductor along these two lines. There is some
indication along L200401 (Figure 5-7), but it is not extensive or well defined. This illustrates that if
conclusive characterization of such a feature, or other geologic features, is desired, then a “block” AEM
flight plan of tightly-spaced flight lines would be necessary.
Also note in Figure 5-7 is a black arrow indicating an area where the data was cut due to EM coupling
from infrastructure. Note the high topographic peak of the basement stratigraphic contact at this
location. This does not seem normal for granitic intrusives. The circled areas of the geologic map in
Figure 2-1 indicate locations where the flight lines cross pre-Tertiary metavolcanic geologic material
(including ophiolites). This is the material in the peak in Figure 5-8 which creates topography in the
basement. Figure 5-9 presents another AEM flight line, L100901, which also crosses over some of the
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pre-Tertiary metavolcanics. It is observed that the electrical resistivities of the metavolcanics and the
granitic material are both high and the units cannot be distinguished from one another based on
electrical resistivity. Thus, in this report, the pre-Tertiary metavolcanics and granitic basement material
are grouped together for interpretation purposes.

Figure 5-2. Google Earth image of Kaweah Subbasin AEM flight lines (blue lines) and the six Fugro
West (2007) cross-sections.
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Figure 5-3. Cross-section A-A’ from Plate 14 of Fugro West (2007).
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Figure 5-4. 3D fence diagram of the six cross-sections A-F from Fugro West (2007), modified with the boreholes and resistivity logs removed
and different coloring applied to the E-Clay and the basement material. The brown lines are local highways (99, 163, etc.) to help the user
locate themselves in the 3D space.
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Figure 5-5. 2D profile of inverted resistivity data from Kaweah Subbasin AEM flight line L200300, located across the northern extent of the
AEM survey area. The dotted blue line is the CA-DWR Fall 2017 water table (CA-DWR, 2018a). The dashed grey line is the “standard” depth of
investigation (DOI). The solid black line is a stratigraphic contact, in this case the top contact of the basement material on the east side of the
flight line. The red dashed line separates zones of more conductive sediments with a zone of more resistive material. The projection is
NAD83, UTM 11N, meters, NAVD88 meters.
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Figure 5-6. Illustration of the development sequence of stratigraphic cycles on an alluvial fan (Figure 8 modified from Weissmann et al., 2002).
Darker shading indicates active areas of the alluvial fan. The red arrow indicates the incised channel discussed in the text.
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Figure 5-7. 2D profile of inverted resistivity data from Kaweah Subbasin AEM flight line L200401, located southeast of L200300. The dotted
blue line is the CA-DWR Fall 2017 water table (CA-DWR, 2018a). The dashed grey line is the “standard” depth of investigation (DOI). The solid
black line is a stratigraphic contact, in this case the top contact of the basement material on the east side of the flight line. There is a slight
indication of a distinct prograding alluvial fan just west of the granitic body with a conductive body overlying a slightly more resistive zone.
The projection is NAD83, UTM 11N, meters, NAVD88 meters.
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Figure 5-8. 2D profile of inverted resistivity data from Kaweah Subbasin AEM flight line L200200, located north of L200300. The dotted blue
line is the CA-DWR Fall 2017 water table (CA-DWR, 2018a). The dashed grey line is the “standard” depth of investigation (DOI). The solid black
line is a stratigraphic contact, in this case the top contact of the basement material on the east side of the flight line. There is no indication of
a distinct interbedded prograding alluvial fan as there is on AEM flight line L200300 (Figure 5-5). The projection is NAD83, UTM 11N, meters,
NAVD88 meters.
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Figure 5-9. Inversion results for Kaweah Subbasin AEM flight line L100901. The dotted blue line is the CA-DWR Fall 2017 water table (CADWR, 2018a). The dashed grey line is the “standard” depth of investigation (DOI). The solid black line is a stratigraphic contact, in this case
the top contact of the basement material on the east side of the flight line. The arrow is pointing at the location where pre-Tertiary
metavolcanics are overlying granitic material. The electrical resistivities of the metavolcanics and granitic material are similar, which is high,
and so cannot be distinguished from one another by resistivity alone. The projection is NAD83, UTM 11N, meters, NAVD88 meters.
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As noted above, E-Clay is identified on the western end of Fugro West cross-section A-A’ in Figure 5-3.
As discussed in Section 2.1, the E-Clay includes the Corcoran Clay which is known to extend further to
the west and southwest. One of the goals of this AEM investigation was to map the extent and thickness
of the Corcoran Clay. To this end, examination of the Kaweah Subbasin AEM resistivity inversion results
on the western side of the survey area show that the AEM is able to map the location and extent of the
Corcoran Clay. East-west AEM flight line L20001001 in Figure 5-10 indicates that a westward-dipping
conductive zone is present at about the same elevation and about the same thickness as in Fugro West
cross-section A-A’. That conductive zone is interpreted to be the Corcoran Clay. North-south AEM flight
line L100600 (Figure 5-11) not only shows the Corcoran Clay but also indicates that it is thins out to the
north.
Also note along AEM flight line L100600 (Figure 5-11) the high resistivities of the unsaturated material
above the water table (dotted blue line).
The next step was to study the available geophysical and lithological logs provided by GEI Consultants
(Section 3) and then overlay them on the profiles if they are within 1,000 m (3,281 ft) of a flight line. On
the profiles geophysical electrical resistivity logs are labeled in green and lithological logs are labeled in
blue. The lithology color legend is in the upper right corner of the image. On the geophysical logs of
interest were locations and depths of resistive and conductive zones. Then lithology logs were studied to
correlate borehole lithologies with the observed resistivities.
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Figure 5-10. 2D profile of inverted resistivity data from Kaweah Subbasin east-west AEM flight line L2001001, located on the western side of
the AEM survey area. The dotted blue line is the CA-DWR Fall 2017 water table (CA-DWR, 2018a). The dashed grey line is the “standard”
depth of investigation (DOI). The solid black lines are stratigraphic contacts, in this case the top and bottom contacts of the Corcoran Clay
which is dipping to the west. The projection is NAD83, UTM 11N, meters, NAVD88 meters.
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Figure 5-11. 2D profile of inverted resistivity data from Kaweah Subbasin AEM north-south flight line L100600, located on the western side of
the AEM survey area. The dotted blue line is the CA-DWR Fall 2017 water table (CA-DWR, 2018a). The dashed grey line is the “standard”
depth of investigation (DOI). The solid black line is the stratigraphic contacts, in this case the top and bottom contacts of the Corcoran Clay
which dips slightly to the south and thins out to the north. The projection is NAD83, UTM 11N, meters, NAVD88 meters.
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5.3 Comparison of Borehole Logs and the AEM Inversion Results
It is important to compare the AEM earth-model inversion results to the available borehole information.
You want to look how the patterns of inverted AEM resistivities match up with the majority of
geophysical borehole logs. It is quite often the case that borehole logs are not well calibrated or not
operated correctly. This is not to say that when the borehole data was acquired that the tool was
perfectly suitable for what was expected from the logging results. What follows in this section are
samples from across the investigation area of a comparison of the inverted AEM earth model
resistivities with the borehole electrical resistivity and lithology logs. Note that from the map of
geophysical and lithological borehole locations (Figure 3-1), it is clear that there are many more lithology
logs in the Kaweah Subbasin AEM survey area than geophysical logs.
A comparison of borehole resistivity and lithology logs and AEM flight line L100200 is presented in
Figure 5-12. The geophysical logs have green labels and the lithology logs have blue labels. The resistive
zones on the geophysical logs 20S22E20D2, 19S22E11B, and 19S22E1 line up nicely with the resistive
AEM inversion results. There is also a good lithology match of the logs that pass through the Corcoran
Clay such as 19S22E28 and 19S22E27. Lithology log 18S22E36P indicates more of an interbedded nature
in the area where the Corcoran thins out and terminates about half way along the flight line.
Figure 5-13 presents a comparison of borehole resistivity and lithology logs with AEM flight line
L101202. Again, the resistive zones on the geophysical logs 20S22E24, 19S22E36, and 19S23E6 line up
nicely with the resistive (and conductive zones) in the AEM inversion results. Note that geophysical log
20S22E25 does not match the AEM inversion results at all, or even with log 20S22E24 which is right next
to it, which means that 20S22E25 is either not calibrated correctly or was not set correctly prior to
commencing the resistivity logging. There is a good match of most of the lithology logs that pass through
the Corcoran Clay including 21S23E7, 21S22E12A, 20S22E36, and 19S22E24J.
A comparison of borehole resistivity and lithology logs with AEM flight line L101702 is presented in
Figure 5-14. The interbedded nature of the resistive and conductive zones on geophysical log 20S24E8
line up nicely with the AEM inversion results. There is a good match of most of the lithology logs that
pass through the Corcoran Clay, or just beyond it, including 21S24E16, 21S24E9L1, 20S24E8, and
19S24E32K1.
A final example of a comparison of borehole lithology logs with the AEM inversion results is presented in
Figure 5-15 for flight line L200300. There are no geophysical logs on this section. Note the pattern of the
bottoms of the logs – most logs stop in the more resistive zone (coarser material) sitting above the
conductive zone (very likely clay). Note that a couple of the boreholes (18S23E5 and 18S24E6) were
drilled through the clay and into the next coarser material zone.
These profiles presented show a good match but also are excellent examples that show how new, more
continuous, information adds higher definition to the results when compared to boreholes alone.
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Figure 5-12. Comparison of borehole resistivity and lithology logs and AEM flight line L100200. The geophysical logs have green labels and
the lithology logs have blue labels. The resistive zones on the geophysical logs 20S22E20D2, 19S22E11B, and 19S22E1 line up nicely with the
resistive AEM inversion results. Also note the good lithology match of the logs that pass through the Corcoran Clay such as 19S22E28,
19S22E27, and even 18S22E36P which is showing more of an interbedded nature in the area where the Corcoran thins out and terminates.
Projection is NAD83, UTM 11N, meters, NAVD88 meters.
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Figure 5-13. Comparison of borehole resistivity and lithology logs and AEM flight line L101202. The geophysical logs have green labels and
the lithology logs have blue labels. The resistive zones on the geophysical logs 20S22E24, 19S22E36, and 19S23E6 line up nicely with the
resistive (and conductive zones) in the AEM inversion results. Note also that geophysical log 20S22E25 does not match the inversion results at
all, even to log 20S22E24 which is right next to it, which means that 20S22E25 is either not calibrated correctly or was not set up correctly
prior to commencing the resistivity logging. There is a good match of most of the lithology logs that pass through the Corcoran Clay including
21S23E7, 21S22E12A, 20S22E36, and 19S22E24J. Projection is NAD83, UTM 11N, meters, NAVD88 meters.
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Figure 5-14. Comparison of borehole resistivity and lithology logs and AEM flight line L101702. The geophysical logs have green labels and
the lithology logs have blue labels. The interbedded nature of the resistive and conductive zones on geophysical log 20S24E8 line up nicely
with the AEM inversion results. There is a good match of most of the lithology logs that pass through the Corcoran Clay, or just beyond it,
including 21S24E16, 21S24E9L1, 20S24E8, and 19S24E32K1. Projection is NAD83, UTM 11N, meters, NAVD88 meters.

67

Hydrogeologic Framework of Selected Areas of the Kaweah Subbasin Region

Figure 5-15. Comparison of borehole resistivity and lithology logs and AEM flight line L200300. The lithology logs have blue labels; there are
no geophysical logs on this section. Note the pattern of the bottoms of the logs – most logs stop in the more resistive zone (coarser material)
sitting above the conductive zone (very likely clay). A couple of the boreholes (18S23E5 and 18S24E6) were drilled through the clay and into
the next coarse zone. Projection is NAD83, UTM 11N, meters, NAVD88 meters.

68

Hydrogeologic Framework of Selected Areas of the Kaweah Subbasin Region

5.4 Create Interpretative Surface Grids
The Kaweah Subbasin AEM survey area surface elevation and thickness grids were produced by
importing data such as a ground surface digital elevation model (DEM) and AEM interpreted point data
of the AEM survey area and into ESRI’s ArcMap where they were processed using the Spatial and
Geostatistical Analyst extensions.
An elevation grid of the Kaweah Subbasin AEM survey area water table was produced in ArcMap using
the Spatial Analyst extension. To create the grid, elevation contours representing the water table
elevation during the fall of 2017 were downloaded from the California Department of Water Resources
Groundwater Information Center Interactive Map Application (CA-DWR, 2018a). The contours were
converted to a 30 m resolution (cell size) raster dataset with the ‘Topo to Raster’ tool available in
ArcMap’s Spatial Analyst extension and then converted to meters above sea level with ArcMap’s raster
calculator. Figure 5-16 is a map of the water table elevation within and surrounding the Kaweah
Subbasin AEM survey area.
The top elevation, bottom elevation, thickness of, and depth to the Corcoran Clay raster grids were
produced in ArcMap using the Geostatistical and Spatial Analyst extensions. To create the grids, over
600 data points with top and bottom elevation values were extracted from the AEM interpretation and
input into ArcMap. The points were interpolated into a continuous surface using a kriging geostatistical
model and exported to a 500 m cell size grid. The cell size is based on the approximate 5 km line spacing
and 25 m down line spatial distribution of the point data. The resultant bottom elevation grid was
subtracted from the top elevation grid to calculate the thickness of the Corcoran Clay. To calculate the
depth to the Corcoran Clay, the 10 m resolution DEM was first masked with the top elevation grid so
that the extent and cell size of the DEM were equal to the interpolated elevation grids. Then, the top
elevation grid was subtracted from the masked, 500 m resolution DEM to produce a grid representing
the depth to the Corcoran Clay. Figure 5-17, Figure 5-18, and Figure 5-19 are maps of the top elevation,
depth to, and thickness of the Corcoran Clay within the Kaweah Subbasin AEM survey area.
The top elevation and depth to basement rock raster grids were also produced in ArcMap using both the
Geostatistical and Spatial Analyst extensions. To the create the grids, over 550 data points with top
elevation values of the basement rock were extracted from the AEM interpretation and input into
ArcMap. The points were interpolated into a continuous surface using the kriging geostatistical model
and exported to a 500 m cell size grid. The cell size is based on the approximate 5,000 m spacing across
line and approximate 25 m down line spatial distribution of the point data. To calculate the depth to
basement rock the 10 m resolution DEM was first masked with the basement top elevation grid so that
the extent and cell size of the DEM equaled the interpolated top elevation grid. Then, the top elevation
grid was subtracted from the masked, 500 m resolution, DEM resulting in a grid that represents the
depth to basement rock. It is important to note that the top elevation of the basement rock was only
calculated down to approximately -380 m and the depth to approximately 500 m due to the DOI of the
AEM data collected; the basement rock extends further west than what the figures display. Figure 5-20
and Figure 5-21 are maps of the top elevation and depth to the basement rock within the Kaweah
Subbasin AEM survey area, respectively.
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Figure 5-16. Map of the water table elevation during the fall of 2017 (CA-DWR, 2018a) within and surrounding the Kaweah Subbasin AEM
survey area. The projection is NAD83 UTM Zone 11N (meters) and the elevation values are referenced to NAVD 88 (meters).
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Figure 5-17. Map of the top elevation of the Corcoran Clay within the 2018 Kaweah Subbasin AEM survey area. The projection is NAD83 UTM
Zone 11N (meters) and the elevation values are referenced to NAVD 88 (meters).

71

Hydrogeologic Framework of Selected Areas of the Kaweah Subbasin Region

Figure 5-18. Map of the depth to the top of the Corcoran Clay within the 2018 Kaweah Subbasin AEM survey area. The projection is NAD83
UTM Zone 11N (meters) and the elevation values are referenced to NAVD 88 (meters).
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Figure 5-19. Map of the thickness of the Corcoran Clay within the 2018 Kaweah Subbasin AEM survey area. The projection is NAD83 UTM
Zone 11N (meters) and the elevation values are referenced to NAVD 88 (meters).
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Figure 5-20. Map of the top elevation of the basement rock within the 2018 Kaweah Subbasin AEM survey area. The projection is NAD83
UTM Zone 11N (meters) and the elevation values are referenced to NAVD 88 (meters).
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Figure 5-21. Map of the depth to the top of the basement rock within the 2018 Kaweah Subbasin AEM survey area. The projection is NAD83
UTM Zone 11N (meters) and the elevation values are referenced to NAVD 88 (meters).
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5.5 Comparison of 2018 SkyTEM 312 with 2015 SkyTEM 508 AEM Inversion Results
Part of the analysis of the Kaweah Subbasin AEM investigation was a comparison between the AEM
earth-model inversion results for the 2018 survey with the SkyTEM 312 and the 2015 survey that
acquired data with the SkyTEM 508 just west and north of Tulare, California (Knight et al., 2018), the
deeper imaging system available at the time (and which is no longer available from SkyTEM).
Figure 5-22 presents the AEM inversion results for 2018 AEM flight line L100400 and 2015 flight line
L100401. There is a little finer detail in the near-surface layers for the 2018 312 inversion results than for
the 2015 508 inversion results, but otherwise, they match up very well. The Corcoran Clay is easily
identified on both profiles. However, the 2015 508 system is able to image deeper – the 2015 508
profile vertical axis has been set to start at -450 m versus -350 m for the 2018 SkyTEM 312 system. Note
the resistive zones at an elevation of about -300 m in both the 312 and 508 profiles representing coarser
sedimentary material at a northing of about 4005000.
A comparison of 2018 AEM flight line L100600 and 2015 flight line L100601 is presented in Figure 5-23.
Again, there is a little more detail in the near-surface for the 2018 SkyTEM 312 inversion results than for
the 2015 SkyTEM 508 inversion results. Otherwise, they match up very well. The Corcoran Clay is easily
identified on both profiles. The 2015 508 system is able to image deeper – the 2015 508 profile vertical
axis starts at -450 m versus -350 m for the 2018 312 system. Also, again note the resistive zones at an
elevation of about -250 m in both profiles presenting the 312 and 508 results which represent coarser
sedimentary material at northings of about 4000000-4005000.
Figure 5-24 presents a comparison of AEM inversion results for 2018 AEM flight line L101501 and 2015
flight line L100501. As note before, there is a more detail in the near-surface for the 2018 312 than for
the 2015 508 inversion results, but otherwise, they match up very well. The Corcoran Clay is easily
identified on both profiles, but is observed to terminate at the north end of 2015 L100501. The slight
difference in location of the northern ends of the lines relative to the spatial extent of the Corcoran Clay
is the reason for this difference in the observed Corcoran Clay extent. The 2015 508 system is able to
image deeper – the 2015 508 profile vertical axis starts at -450 m versus -350 m for the 2018 312
system. Again, note the presence of the resistive zones at depth indicated by both systems representing
coarser sedimentary material at northings of about 4000000-4006000.
Finally, Figure 5-25 presents a comparison of AEM inversion results for 2018 AEM flight line L200701 and
2015 flight line L100401. Note that 2018 L200701 is the approximately 5 km repeat line located directly
on a 2015 AEM flight line, L100401, along which an electrical resistivity profile may have been acquired.
The sections match up very well. The Corcoran Clay is easily identified on both profiles.
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Figure 5-22. Comparison of 2018 SkyTEM 312 (black lines) and the 2015 SkyTEM 508 (blue lines) AEM inversion results for 2018 AEM flight
line L100400 (top profile, red line in location map) and 2015 flight line 100401 (bottom profile, orange line in location map). There is a little
more detail in the near-surface for the 2018 312 inversion results than for the 2015 508 inversion results, but otherwise, they match up very
well. The Corcoran Clay is easily identified on both profiles. However, the 2015 508 system is able to image deeper – the 2015 508 profile
vertical axis starts at -450 m versus -350 m for the 2018 312 system. Note the resistive zones at depth in both the 312 and 508 systems
representing coarser sedimentary material at a northing of about 4005000. The projection is NAD83, UTM 11N, meters, NAVD88 meters.
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Figure 5-23. Comparison of 2018 SkyTEM 312 (black lines) and the 2015 SkyTEM 508 (blue lines) AEM inversion results for 2018 AEM flight
line L100600 (top profile, vertical red line in location map) and 2015 flight line 100601 (bottom profile, southwest-northeast orange line in
location map). There is a little more detail in the near-surface for the 2018 312 inversion results than for the 2015 508 inversion results, but
otherwise, they match up very well. The Corcoran Clay is easily identified on both profiles. The 2015 508 system is able to image deeper – the
2015 508 profile vertical axis starts at -450 m versus -350 m for the 2018 312 system. Note the resistive zones at depth in both the 312 and
508 systems representing coarser sedimentary material at northings of about 4000000-4005000. The projection is NAD83, UTM 11N, meters,
NAVD88 meters.
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Figure 5-24. Comparison of 2018 SkyTEM 312 (black lines) and the 2015 SkyTEM 508 (blue lines) AEM inversion results for 2018 AEM flight
line L101501 (top profile, vertical red line in location map) and 2015 flight line 100501 (bottom profile, southwest-northeast orange line in
location map). There is a little more detail in the near-surface for the 2018 312 inversion results than for the 2015 508 inversion results, but
otherwise, they match up very well. The Corcoran Clay is easily identified on both profiles, but is observed to terminate at the north end of
2015 L100501. The slight difference in location of the northern ends of the lines relative to the spatial extent of the Corcoran Clay is the
reason for this difference in the Corcoran Clay extent. The 2015 508 system is able to image deeper – the 2015 508 profile vertical axis starts
at -450 m versus -350 m for the 2018 312 system. Note the resistive zones at depth in both the 312 and 508 systems representing coarser
sedimentary material at northings of about 4000000-4006000. The projection is NAD83, UTM 11N, meters, NAVD88 meters.
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Figure 5-25. Comparison of 2018 SkyTEM 312 (black lines) and the 2015 SkyTEM 508 (blue lines) AEM inversion results for 2018 AEM flight
line L200701 (top profile, short red line in location map overlying the orange line) and 2015 flight line 100401 (bottom profile, southwestnortheast orange line in location map). 2018 L200701 is the approximately 5 km repeat line located directly on a 2015 AEM flight line
L100401. The sections match up very well. The Corcoran Clay is easily identified on both profiles. The projection is NAD83, UTM 11N, meters,
NAVD88 meters.
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5.6 Resistivity-Lithology Relationship
A critical aspect of a geophysical survey, for whatever purpose, is assessing the nature of the material
detected by the geophysical method applied in the investigation. In regard to the Kaweah Subbasin AEM
survey, an assessment of the lithologic character of the sediments above and below the water table was
conducted by Knight et al. (2018) for the Tulare 2015 SkyTEM 508 survey (Figure 5-26). Note that the
resistivity ranges listed in Figure 5-26 for the different lithologies overlap (e.g. Clay 8-31 ohm-m, Sand
and Gravel 25-150 ohm-m). Thus, in application of these resistivity ranges for the lithologies listed to the
Kaweah Subbasin AEM survey inversion results, the midpoint between range overlaps were used as the
range bounds. That is, if the ranges above the water table overlap between 25-31 ohm-m, then the
midpoint would be 28 ohm-m. Similarly, for the ranges below the water table in Figure 5-26: (6-18, 1222) become (6-15,15-22) and (12-22,17-43) become (15-19, 19-43). For the full Kaweah Subbasin AEM
survey, using the ranges from the Tulare Study (Knight et al., 2018) and extending the upper and lower
range limits to the full range of inverted resistivities, the resulting ranges and color scheme for the
Kaweah Subbasin AEM survey are presented in Figure 5-27. This color scale was been applied to the
AEM inversion results and an AEM lithological interpretation was developed. Several examples are
presented below. The rest of the flight line profiles are located in Appendix 1 – 2D Profiles.

Figure 5-26. Table 2 from Knight et al. (2018) delineating a resistivity to lithology relationship for
unsaturated and saturated sediments above and below the water table in the Tulare, CA area.

Figure 5-27. Plot displaying the resistivities by major lithological material color categories (green –
clay, yellowish green – mixed fine and coarse, orange – sand and gravel).
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Examples of lithological interpretations of the Kaweah Subbasin AEM inversion results are presented for
AEM flight lines L200300 (Figure 5-28), L200401 (Figure 5-29), L200200 (Figure 5-30), L2001001 (Figure
5-31), and L100600 (Figure 5-32). The interpreted lithologies for different materials including Corcoran
Clay, undifferentiated Clay material, Sand and Gravel, and Basement materials are indicated on the
sections. On L200300 (Figure 5-28), while the Sand and Gravel deposit on the western end of the line
has the appearance of an erosional channel feature, this can’t be confirmed with the current set of data
because of the reconnaissance nature of the flight lines. The lithological interpretation along AEM flight
line L2001001 (Figure 5-31) shows the Corcoran Clay occurs across the length of the line while that for
flight line L100600 (Figure 5-32) shows that the Corcoran Clay terminates towards the northern end of
the line.
The next set of examples of the lithological interpretation of the Kaweah Subbasin AEM inverted earth
models are presented as 3D fence diagrams, with views from different directions (the view in Figure 533 looks north, Figure 5-34 looks south, and in Figure 5-35 the view is to the east). Again, examples of
the different lithologies are marked in places including the Corcoran Clay, undifferentiated Clay material,
Sand and Gravel, and Basement materials. The Sand and Gravel zone on the western side of the survey
area (right side in Figure 5-34) may represent the edge of a large paleochannel or, at the least, a coarse
zone moving into the San Joaquin Valley.
The extent of the Corcoran Clay is exhibited in Figure 5-36 using the same color scheme as is used for
Clay in the rest of the interpretation. A more greying color is applied to the same Corcoran Clay extent in
Figure 5-37 in order to better view the bounds of the unit.
The Fugro West (2007) cross-sections A-F are next added to the 3D fence diagram view. Figure 5-38,
with a view looking towards the north, allows for comparison of the nature of the Corcoran Clay on the
west side of the survey area and the Basement materials on the east side. They compare very well. The
view in Figure 5-39 is a magnification of the west end of the C-C’ cross-section in order to compare the
Corcoran Clay on the C-section and the 2018 Kaweah Subbasin AEM interpreted lithology results.
Likewise, Figure 5-40 presents a view of the combined 3D fence diagram looking to the southwest. With
this view it is clear that the outline of the basement on A-A’ matches that of the AEM basement
lithology interpretation. What is also clear is the Fugro West (2007) cross-section F-F’ is not congruent
with either cross-section A-A’ or the AEM interpreted results. Finally, Figure 5-41 is a view of the
combined 3D fence diagram looking towards the southeast. Again, it is easy to note the good agreement
between the Fugro West (2007) interpretations on cross-sections and the 2018 Kaweah Subbasin AEM
interpreted lithologies, for example the depth, thickness, westerly dip, and character of the Corcoran
Clay.
As mentioned above, the rest of the lithological interpretations of the AEM inversion results are located
in Appendix 1/2D Profiles.
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Figure 5-28. Lithological interpretation of Kaweah Subbasin AEM flight line L200300 in the bottom profile. The dotted blue line is the Fall
2017 water table (CA-DWR, 2018a). The interpreted lithologies for different materials are indicated. Projection is NAD83, UTM 11N, meters,
NAVD88 meters.
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Figure 5-29. Lithological interpretation of Kaweah Subbasin AEM flight line L200401 in the bottom profile. The dotted blue line is the Fall
2017 water table (CA-DWR, 2018a). The interpreted lithologies for different materials are indicated. Projection is NAD83, UTM 11N, meters,
NAVD88 meters.
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Figure 5-30. Lithological interpretation of Kaweah Subbasin AEM flight line L200200 in the bottom profile. The dotted blue line is the Fall
2017 water table (CA-DWR, 2018a). The interpreted lithologies for different materials are indicated. Projection is NAD83, UTM 11N, meters,
NAVD88 meters.
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Figure 5-31. Lithological interpretation of Kaweah Subbasin AEM flight line L2001001 in the bottom profile. The dotted blue line is the Fall
2017 water table (CA-DWR, 2018a). The interpreted lithologies for different materials are indicated. Projection is NAD83, UTM 11N, meters,
NAVD88 meters.
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Figure 5-32. Lithological interpretation of Kaweah Subbasin AEM flight line L100600 in the bottom profile. The dotted blue line is the Fall
2017 water table (CA-DWR, 2018a). The interpreted lithologies for different materials are indicated. Projection is NAD83, UTM 11N, meters,
NAVD88 meters.
87

Hydrogeologic Framework of Selected Areas of the Kaweah Subbasin Region

Figure 5-33. 3D lithologic interpretative fence diagram of the Kaweah Subbasin AEM inverted earth models, looking north. Greenish lines are
local highways. Examples of the different lithologies are marked including the Corcoran Clay, undifferentiated Clay material, Sand and Gravel,
and Basement materials.
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Figure 5-34. 3D lithologic interpretative fence diagram of the Kaweah Subbasin AEM inverted earth models, looking south. Greenish lines are
local highways. Examples of the different lithologies are marked including the Corcoran Clay, undifferentiated Clay material, Sand and Gravel,
and Basement materials. The Sand and Gravel zone on the western side of the survey area (right side here) may represent the edge of a large
paleochannel or, at the least, a very coarse zone moving into the San Joaquin Valley.
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Figure 5-35. 3D lithologic interpretative fence diagram of the Kaweah Subbasin AEM inverted earth models, looking east. Greenish lines are
local highways. Examples of the different lithologies are marked including the Corcoran Clay, undifferentiated Clay material, Sand and Gravel,
and Basement materials.
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Figure 5-36. 3D lithologic interpretative fence diagram of the Kaweah Subbasin AEM inverted earth models, looking north. Greenish lines are
local highways. The top and bottom extents of the Corcoran Clay are indicated on the western side (the left side in the image) using the same
color scheme for Clay as for the rest of the data, except slightly more transparent. A slightly different color scheme outlining the extents of
the Corcoran Clay in the survey area is presented in Figure 5-37.
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Figure 5-37. This is the same 3D fence diagram view as in Figure 5-36 except the top and bottom extents of the Corcoran Clay are highlighted
with a transparent grey color instead of blue.
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Figure 5-38. 3D lithologic interpretative fence diagram of the Kaweah Subbasin AEM inverted earth models, looking north, along with the
Fugro West (2007) cross-sections, A-F. Greenish lines are local highways. The beginning and end of each Fugro West (2007) cross-section is
labeled. Note the similar expressions and locations of the Corcoran Clay on the west (left side) and the Basement material on the east (right
side) between the 2018 Kaweah Subbasin AEM investigation and the Fugro West (2007) cross-sections.
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Figure 5-39. 3D lithologic interpretative fence diagram of the Kaweah Subbasin AEM inverted earth models, looking north, along with the
Fugro West (2007) cross-sections, A-F. Greenish lines are local highways. The western ends of the Fugro West (2007) A, B, and C cross-sections
are labeled. Note the similar expressions and locations of the Corcoran Clay on both the C-C’ Fugro West (2007) cross-section and the 2018
Kaweah Subbasin AEM interpreted inversion results.
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Figure 5-40. 3D lithologic interpretative fence diagram of the Kaweah Subbasin AEM inverted earth models, looking southwest, along with
the eastern/northern ends of the Fugro West (2007) A, B, and F cross-sections. Greenish lines are local highways. The eastern ends of the
Fugro West (2007) A, B, and F cross-sections are labeled. Of interest here is the similar nature of the basement expression on the A-A’ crosssection and the 2018 AEM interpreted results on lines L200300 and L100701circled by the red dash box. Also of interest is how Fugro West
(2007) cross-section F-F’ does not match either the A-A’ cross-section or the 2018 AEM interpreted lithology results at depth.
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Figure 5-41. 3D lithologic interpretative fence diagram of the Kaweah Subbasin AEM inverted earth models, looking southeast, along with
the Fugro West (2007) cross-sections. Greenish lines are local highways. Note the good agreement between all the Fugro West (2007) crosssections and the 2018 Kaweah Subbasin AEM interpreted lithologies including the very good match of the Corcoran Clay exhibited by both
sets of data.
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5.7 Hydrogeological Framework of the Kaweah Subbasin AEM Survey Area
The 2018 Kaweah Subbasin AEM project area provides high resolution data of the subsurface along the
reconnaissance flight paths within the survey area. These AEM-derived results provide new and updated
information on the geology and hydrogeology in areas that were previously unknown or were only
known to a limited extent from just the borehole information. The AEM profiles provide for greater
understanding of the heterogeneity within and between all geologic formations in the survey area. This
heterogeneity will be shown to be an important control to groundwater flow, storage, and quality. This
survey completed in 2018 by AGF provides the basis for this hydrogeologic discussion.
The 2018 Kaweah Subbasin AEM survey reveals limited variability in the thick Quaternary and Tertiary
deposits across the project area (Figure 5-33). While the stratigraphy between these units have not been
delineated, these units have been subdivided, as discussed above in Section 5.6, into geologic materials
including Sand and Gravel, Mixed Fine and Coarse materials, and Clay which make up the aquifer (and
non-aquifer) materials overlying the basement units. The thick deposits of sand and gravel in the
western part of the survey area are one of the dominant hydrogeologic features in the Kaweah Subbasin
AEM project area and are important aquifers. These deposits have been identified in previous studies,
for example Page (1986). The undifferentiated Quaternary and Tertiary units are considered aquifers
where the lithology is made up of Sand and Gravel or Mixed Fine and Coarse. As discussed above in
Section 5.2, the general source of material and the pattern of deposition of the Quaternary deposits
originates from the Sierra Nevada Mountains to the east.
A strong presence of clay-bearing materials (blue) near the foothills of the Sierra Nevada and for some
distance out into the Valley until the coarser Sand and Gravel (yellow) material is indicated in Figure 534. The extent of the Corcoran Clay (Figure 5-37), which was mapped in the southwest corner of the
survey area by AEM, overlies the coarser, underlying Sand and Gravel. Corcoran Clay is not aquifer
material and where present acts as a barrier to groundwater flow.
In some areas of the survey there are profiles that show many of the objectives of this project.
Interpreted Profile L201100, presented in Figure 5-42, is in the center-east of the Kaweah Subbasin AEM
project area and is approximately perpendicular to the dip of the Quaternary and Tertiary deposits
which are coming/have come west off the slope of the Sierra Nevada to the east. This profile shows the
relationship to the borehole resistivity information in the upper profile which allows for an
understanding of how the lithology was determined. The two electric logs in the upper resistivity profile
match the AEM inversion results quite well. In the interpretation profile, areas of unconfined and semiconfined to confined areas are indicated by the location and nature of the bounds on the saturated Sand
and Gravel zone located just below the water table (dotted blue line). Also, note the sharp contact on
the east side between the basement and the thick clay of the sediments to the west. These thick clays
near the basement contact and which extend west are a common feature along the foothills of the
Sierra Nevada. The details provided by the AEM allows for high definition of where these sharp flow
boundaries are within the aquifer systems.
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Zones along Profile L101202, presented in Figure 5-43, are aquifers where there are coarse grained
materials like Sand and Gravel in its makeup. The Corcoran Clay can be seen in the profile from the
southern end to about northing 4025000. This area is one of the important parts of the hydrogeologic
framework of the survey area as the Corcoran Clay, as already noted, acts as a confining to a semiconfining unit. Recharge can come from the northern end of the line where there are permeable
sediments that can accept recharge at the surface and transmit the water to the aquifers downgradient.
Note that this profile was discussed in Section 5.3 which discussed the quality of (or not) of some of the
borehole geophysical logs.
Using the interpretive surfaces and grids that were produced as described above in Section 5.4, an
enhanced understanding of the hydrogeological framework of the Kaweah Subbasin AEM project area
survey area can be developed. Figure 5-20 is the map of the elevation of the top of the basement upon
which water can flow downhill into the project area. Note that since only the basement that could be
imaged by the AEM is shown, it is only on the east side of the project area and is a steep feature across
Rocky Hill Fault. The elevation relief is about 540 m in the AEM survey area. Figure 5-21 shows the depth
to the top of the basement from the land surface, indicating a relief of about 500m and also a thickening
of the Quaternary and Tertiary sediments from east to west.
As noted above in Section 2.2.3 – Connectivity to Surface Water and to Other Aquifers, groundwater
connectivity to surface-water systems in the project area is complex due to the numerous surface-water
features that recharge the groundwater system. Thus, it helps to have the extent of (Figure 5-37), depth
to (Figure 5-18), elevation of the top (Figure 5-17), and thickness (Figure 5-19) of the Corcoran Clay
which can act as a strong barrier to groundwater-surface water connectivity.
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Figure 5-42. Lithological interpretation of Kaweah Subbasin AEM flight line L201100 in the bottom profile. The dotted blue line is the Fall
2017 water table (CA-DWR, 2018a). The interpreted lithologies for different materials are indicated. Projection is NAD83, UTM 11N, meters,
NAVD88 meters.
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Figure 5-43. Lithological interpretation of Kaweah Subbasin AEM flight line L101202 in the bottom profile. The dotted blue line is the Fall
2017 water table (CA-DWR, 2018a). The interpreted lithologies for different materials are indicated. Projection is NAD83, UTM 11N, meters,
NAVD88 meters.
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5.8 Recharge Areas within the Kaweah Subbasin AEM Survey Area
This discussion on areas of potential recharge in the Kaweah Subbasin AEM survey area begins with two
maps, one from the USGS, “Groundwater Availability of the Central Valley Aquifer, California” (Faunt et
al., 2009) and the Fugro West (2007) report “Water Resources Investigation of the Kaweah Delta Water
Conservation District 2003, Revised 2007”. The USGS map, presented in Figure 5-44, is a modification of
Figure A14 from Faunt et al. (2009) and presents the percent of coarse material in the first 50 ft in the
southern San Joaquin Valley. A red box has been drawn around the general Kaweah Subbasin AEM
survey area. The second map, presented in Figure 5-45, is a modification of Plate 10 from Fugro West
(2007) and presents a map of “current and proposed” (as of 2007) locations of recharge basins in the
Kaweah Delta Water Conservation District. The USGS map (Figure 5-44) indicates a mixture of coarse
and fine-grained material in the near-surface of the field area, with more fine-grained material present
than coarse grained. The Fugro West (2007) map (Figure 5-45) indicates areas that have been
determined to be good locations for recharge into the subsurface. Note that these recharge basins are
spread across the KDWCD. The near-surface recharge potential as indicated by the Kaweah Subbasin
AEM interpreted lithology will be compared to the locations indicated in Figure 5-45.
A Google Earth kmz has been created that presents resistivities greater than 25 ohm-m for the first eight
(8) layers of the Kaweah Subbasin AEM inversion results. Google Earth images of layers 1 (0 m - 3 m or 0
ft – 10 ft), 3 (6 m – 10 m or20 ft – 31 ft), 5 (13 m – 17 m or 43 ft – 56 ft), and 8 (26 m – 31 m or 85 ft to
100 ft) are presented in Figure 5-46, Figure 5-47, Figure 5-48, and Figure 5-49, respectively. The full
Kaweah Subbasin AEM Recharge kmz is included in Appendix 3-Deliverables\KMZ\Recharge. Materials in
blue are more coarse than brown materials.
While it is clear that there are subtle changes between the different layers, it is also clear that the areas
with potentially good recharge are spatially distributed across the area, in a fashion similar to that
indicated in the Fugro West (2007) report. A comparison of the Fugro West (2007) recharge basin map
and layer 1 (0 ft – 10 ft, 0 m-3 m) of the Kaweah Subbasin AEM interpreted lithologies is presented in
Figure 5-50.
Many of the locations of the 2007 current and proposed recharge basins are overlain with AEMinterpreted coarse to very coarse materials and there are many more locations indicated by the AEM
that could still be developed for recharge. Using the maps and cross-sections from this report will allow
for a greater understanding of the pathways the recharge takes for management purposes. Water
quality management can be improved by tailoring the management practices for the recharge in an
area. An example is that you would want to limit fertilizer application over areas of good recharge
versus areas of low recharge. For water quantity management an example is to site managed aquifer
recharge areas to locations that have the greatest recharge potential, greatest unsaturated thickness,
and the ability to move water to the site. The use of AEM data along with other sources of information
like soils maps will be beneficial for many hydrogeologic decisions in the survey area.
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Figure 5-44. “Map of distribution of coarse-grained deposits for the upper 50 ft for part of the Central Valley. Map is overlain with major
geomorphic provinces of the Central Valley and the fluvial fans of the San Joaquin Basin” (modified from Figure A14 in Faunt et al., 2009). The
dashed red box surrounds the Kaweah River discharge area.
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Figure 5-45. Map of “current and proposed” (as of 2007) Recharge Basins in the Kaweah Delta Water Conservation District (modified from
Plate 10 in Fugro West, 2007).
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Figure 5-46. Google Earth image of areas of potential recharge showing coarse-grained material with resistivities >25 ohm-m for the depth
range 0 m – 3 m or 0 ft – 10 ft. This is layer 1 of the Recharge kmz in Appendix 3\KMZ\Recharge. Materials in blue are more coarse than
brown materials.
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Figure 5-47. Google Earth image of areas of potential recharge showing coarse-grained material with resistivities >25 ohm-m for the depth
range 6 m – 10 m or 20 ft – 31 ft. This is layer 3 of the Recharge kmz in Appendix 3\KMZ\Recharge. Materials in blue are more coarse than
brown materials.
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Figure 5-48. Google Earth image of areas of potential recharge showing coarse-grained material with resistivities >25 ohm-m for the depth
range 13 m – 17 m or 43 ft – 56 ft. This is layer 5 of the Recharge kmz in Appendix 3\KMZ\Recharge. Materials in blue are more coarse than
brown materials.
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Figure 5-49. Google Earth image of areas of potential recharge showing coarse-grained material with resistivities >25 ohm-m for the depth
range 26 m – 31 m or 85 ft to 100 ft. This is layer 8 of the Recharge kmz in Appendix 3\KMZ\Recharge. Materials in blue are more coarse than
brown materials.
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Figure 5-50. Top: Google Earth image of “current and proposed” (as of 2007) Recharge Basins in the
Kaweah Delta Water Conservation District (modified from Plate 10 in Fugro West, 2007); Bottom:
Same as top image plus first layer (0-10 ft) of AEM earth model for resistivities >25 ohm-m. With 2018
AEM flight lines.
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5.9 Key AEM Findings
5.9.1 Boreholes
Information from boreholes was used to analyze the Kaweah Subbasin AEM inversion results. A
total of 440 holes contained lithology information and 52 holes contained geophysical
information within the Kaweah Subbasin AEM survey area. These boreholes were provided by
GEI Consultants under separate contract to Stanford University. The AEM inversion results
matched up well with most of the both the geophysical logs and also the lithological logs.

5.9.2 Digitizing Interpreted Geological Contacts
Characterization and interpretation of the subsurface was performed in cross-section and
derived surface grid formats. The interpretive process greatly benefited from the use of the
borehole logs. The upper and lower Corcoran Clay contacts as well as extent and the top of the
pre-Tertiary granitic and metavolcanic materials have been mapped. Surface grids of the
interpreted geologic formations were produced as well as interpretative profiles. Each flight line
profile with interpretation is included in the appendices as well as the interpretative surface
grids.

5.9.3 Comparing the 2018 Kaweah 312 AEM Results with the 2015 Tulare 508 AEM Results
A comparison was performed between the 2018 SkyTEM312 Kaweah inversion results and the
2015 SkyTEM508 inversion results via profile comparisons along multiple flight lines. The results
compare very well down to about -350 m (-1,150 ft) depth. The greater depth of investigation of
the 508 stands out as the primary difference between the two systems. While the SkyTEM 312
system was able to image the top of the resistive zone that was identified at the southwestern
end of the Tulare AEM flight lines, the SkyTEM 312 did not do as good a job characterizing the
extent of that resistive, coarse-grained zone.

5.9.4 Resistivity/Lithology Relationship
An assessment of the lithologic character of the sediments in the Kaweah Subbasin AEM survey
area was conducted to determine the overall composition of the major categories used to
define aquifer and aquitard material. The resistivity-lithological relation described in Table 2 of
Knight et al. (2018), Mapping aquifer systems with airborne electromagnetics in the Central
Valley of California, for materials above and below the water table was applied to the Kaweah
Subbasin AEM inversion results, with a slight modification due to overlapping ranges. The ranges
are defined as: Unsaturated - Clay (<28 ohm-m) and Sand and Gravel (28-500); Saturated – Clay
(<15 ohm-m), Mixed Fine and Coarse (15-19 ohm-m), and Sand and Gravel (19-500 ohm-m). This
allowed for the characterization of the ranges of resistivities present in the major geologic units
described in this report which were then used in understanding the hydrogeological framework.

5.9.5 Hydrogeological Framework of the Kaweah Subbasin AEM Survey Area
The 2018 Kaweah Subbasin AEM project area provides high resolution data of the subsurface
along the reconnaissance flight paths within the survey area. These AEM-derived results provide
new and updated information on the geology and hydrogeology in areas that were previously
unknown or were only known to a limited extent from just the borehole information. The AEM
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profiles provide for greater understanding of the heterogeneity within and between all geologic
formations in the survey area. The result of that heterogeneity is that there is limited variability
in the thick Quaternary and Tertiary deposits across the project area. While the stratigraphy
between these units have not been delineated, these units have been subdivided as just
discussed into geologic materials which make up the aquifer (and non-aquifer) materials
overlying the basement units. The thick deposits of sand and gravel in the western part of the
survey area are one of the dominant hydrogeologic features in the Kaweah Subbasin AEM
project area and are important aquifers. The extent of the Corcoran Clay, which was delineated
in the southwest corner of the survey area by AEM, overlies coarser Sand and Gravel deposits.
Corcoran Clay is not aquifer material and, where present, acts as a barrier to groundwater flow
and is also a large contributor to the subsidence in the area due to dewatering.

5.9.6 Estimation of Aquifer Volume and Water in Storage in the Kaweah Subbasin AEM Survey
Area
Estimation of aquifer volume and yield were not calculated for the Kaweah Subbasin AEM
survey area because of the nature of a reconnaissance flight line plan in which the AEM line
spacings are approximately 5 km. AEM flight plan designs with blocks of closely spaced (250 m
to 400 m) survey lines would allow for development of estimates of aquifer and water in
storage, if at the same time good aquifer production information such as porosity and specific
yield were available in order to quantify water availability in the different lithologies.

5.9.7 Potential Recharge Zones within the Kaweah Subbasin AEM Survey Area
Previous studies of the groundwater recharge potential in the Kaweah Subbasin AEM survey
area, including the USGS which characterized the region as a diverse mix of coarse and fine
materials, identified locations of recharge basins for the local water district. An overlay of the
lithological interpretation of the first layer of the Kaweah Subbasin AEM inversion results
(covering depths from the surface to 3 m or 10 ft) on a map developed by Fugro West from 2007
for the Kaweah Delta Water Conservation District, which shows the locations of current and
proposed recharge basins (as of 2007), indicates that even given the reconnaissance nature of
the Kaweah AEM investigation, the recharge areas indicated by the AEM match up well with the
locations of existing and proposed recharge basin locations and also indicate additional areas
where recharge to groundwater aquifers could be developed.
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5.10 Recommendations
Recommendations provided to the Greater Kaweah, East Kaweah, and Mid-Kaweah Groundwater
Sustainability Agencies in this section are based on the interpretation and understanding gained from
the addition of the AEM data to existing information and from discussions with the representatives of
the GSA’s and water districts about their management challenges.

5.10.1 Additional AEM Mapping
If it is determined that greater fidelity is necessary in terms of groundwater flow, aquifer sustainability,
volumes, and water in storage estimates, depletion to streams, well interference, groundwater
withdrawal, and other management considerations, it is recommended that areas of closely spaced lines
or “block-flights” be collected to develop more-detailed frameworks. The current 5 km line spacing
between flight lines could be reduced to a 250 m to 400 m flight line spacing for greater detail on the
natural system. Block flights, by providing AEM data, will also assist other studies in the San Joaquin
Valley such as that by Smith and Knight (2019) which combines AEM and INSAR to study and model the
mechanics of subsidence in the CV.

5.10.2 Update the Water Table map
The groundwater data used the CA-DWR Fall 2017 (CA-DWR, 2018a) water table map. Additional water
level measurement locations would improve the water table map. This may be available after the
delivery of this report.

5.10.3 Siting new test holes and production wells
The AEM framework maps and profiles provided in this report provide insight on the relationship
between current test holes and production groundwater wells. At the time of this report, the currently
available lithology and geophysical log data for the Kaweah Subbasin area were used in building the
framework maps and profiles. It is recommended that the results from this report be used to site new
test holes and monitoring wells. Often test holes are sited based on previous work that is regional in
nature or for local projects of small size. By utilizing the maps in this report new drilling locations can be
sited in optimal locations. Consideration for the areas that have been identified as confined to semiconfined aquifers is a good place to start doing this work. These wells need to be screened in discreet
zones in order to understand the potentiometric surfaces from each zone. These wells should also be
spaced geographically for water level/potentiometric head measurements as well as water quality
sampling. Small screened intervals would allow for age dating the water for improved understanding of
recharge, time of travel along flow paths and groundwater-surface water interaction.
The location of new water supply wells for communities can also use the AEM results in this report to
guide development of new water supply wells. Planners should locate wells in areas of greatest
saturated thickness with the least potential for non-point source pollution.

111

Hydrogeologic Framework of Selected Areas of the Kaweah Subbasin Region

5.10.4 Aquifer testing and borehole logging
Aquifer tests are recommended to improve estimates of aquifer characteristics. A robust aquifer
characterization program is highly recommended at the state, county, and smaller municipal levels.
Aquifer tests can be designed based on the results of AEM surveys and existing production wells could
be used in conjunction with three or more installed water level observation wells (which can be used as
monitoring wells for levels and water quality sampling after the test).
Additional test holes with detailed, functional, and well calibrated geophysical logging for aquifer
characteristics are highly recommended. Most of the borehole geophysical logs provided for this
investigation were well calibrated. However, there were also quite a few that demonstrate that
additional calibrated and verified geophysical logs would be useful in the Kaweah Subbasin.
Examples of additional logging would be flow meter logs and geophysical logs including gamma,
neutron, electrical, and induction logs. Detailed aquifer characteristics can be accomplished with nuclear
magnetic resonance logging (NMR). This is a quick and effective way to characterize porosity and water
content, estimates of permeability, mobile/bound water fraction, and pore-size distributions with depth.
NMR logs compare well with the aquifer tests in our experience (Knight et al., 2012) and are very cost
effective when compared to traditional aquifer tests.

5.10.5 Recharge Zones
The Kaweah Subbasin hydrogeologic framework in this report provides areas of recharge, that are
widely spatially distributed, from the ground surface to the groundwater aquifers. Block flights of AEM
data acquisition can provide the most detailed information for understanding recharge throughout the
block flight areas. It is, again, recommended that additional AEM data be collected and interpreted
utilizing closely-spaced flight lines using an AEM system that has near-surface resolution in the
reconnaissance line flight areas. It is further recommended that future work integrate new soils maps
with the results of this study to provide details on soil permeability, slope, and water retention to
provide a more complete understanding of the transport of water from the land surface to the
groundwater aquifers.
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6

Description of Data Delivered
6.1 Tables Describing Included Data Files

Table 6-1 describes the raw data files included in Appendix 3_Deliverables \Raw_Data. As discussed
above, six (6) 312 flights were required to acquire the Kaweah Subbasin AEM data (Figure 4-5). Grouped
by flight date, there are four (4) data flies included in Appendix 3\Raw_Data for each flight. These files
have extensions of “*.sps” and “*.skb”. The “*.sps” files include navigation and DGPS location data and
the “*.skb” files include the raw AEM data that have been PFC-corrections (discussed in Section 4.4.2).
Two additional sets of files are used for all the flights. These are the system description and
specifications file (with the extension “*.gex”) in the GEO subdirectory and the ‘mask’ file (with the
extension “*.lin”), in the MASK subdirectory, which correlates the flight dates, flight numbers, and
assigned line numbers.
Table 6-2 describes the data columns in the ASCII *.xyz file Kaweah_EM312_MAG.xyz. This file contains
the electromagnetic data, plus the magnetic and navigational data, as supplied directly from SkyTEM.
The result of the SCI is included in Kaweah_AEM_SCI_Inv_v1.xyz and the data columns of these
databases are described in Table 6-3.
The borehole data used to assist in the interpretation of the SCI inversion results are included in the files
listed in Table 6-4. Each type of borehole information has both a collar file containing the location of
each of the wells, and a second file containing the borehole data for the individual wells. The data
column descriptions for the collar files are listed in Table 6-5. Table 6-6 describes the channels in the
lithology borehole data files and Table 6-7 describes the channels in the geophysical borehole data files.
The various interpretation results are included in the data file Kaweah_InterpSurfaces_v1.xyz in ASCII
format. Table 6-8 describes the data columns of those files.
ESRI Arc View Binary Grids of the surfaces that were used in the interpretation (DEM, water table) and
derived from the interpretation (top of geological units) of the AEM and borehole are listed in Table 6-9
and stored in Appendix 3_Deliverables\Grids.
In summary, the following are included as deliverables:
•
•
•
•
•
•
•

Raw EM Mag data as ASCII *.xyz
SCI inversion as ASCII *.xyz
Borehole databases as ASCII *.xyz
Interpretations as ASCII *.xyz
Raw Data Files - SkyTEM files *.geo, *skb, *.lin
ESRI ArcView grid files – surface, topo, etc.
3D fence diagrams of the lithologic interpretation

KMZs for AsFlown, Retained, Recharge, and Interpretation results (Discussed in Section 6.2)
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Table 6-1. Raw SkyTEM data files
Folder

File Name

Description

Data

..NavSys.sps, …PaPc.sps, ...RawData_PFC.skb, …DPGS.sps

Raw data files included for each flight
used in importing to Aarhus Workbench

Geo

20181205_456_Kaweah_312_DualWaveform_60Hz_SR2.gex
20181205_456_Kaweah_312_DualWaveform_60Hz_SR2.sr2

312 System Description

Mask

20181109_456_Kaweah_USA_Prod.lin

Production file listing dates, flights, and
assigned line numbers

Table 6-2. Channel name, description, and units for Kaweah_EM312_MAG.xyz with EM, magnetic,
DGPS, Inclinometer, altitude, and associated data.
Parameter

Description

Unit

Fid
Line
Flight

Unique Fiducial Number
Line Number
Name of Flight

yyyymmdd.ff

DateTime

DateTime Format

Decimal days

Date

DateTime Format

yyyymmdd

Time

Time UTC

hhmmss.sss

AngleX

Angle (in flight direction)

Degrees

AngleY

Angle (perpendicular to flight direction)

Degrees

Height

Filtered Height Measurement

Meters [m]

Lon

Longitude, WGS84

Decimal Degrees

Lat

Latitude, WGS84

Decimal Degrees

E_UTM11N_m

Easting, NAD83 UTM Zone 11N

Meters [m]

N_UTM11N m

Northing, NAD83 UTM Zone 11N

Meters [m]

DEM_m

Digital Elevation

Meters [m]

Alt

DGPS Altitude above sea level

Meters [m]

GDSpeedL

Ground Speed

Kilometers/hour [km/h]

Curr_LM

Current, Low Moment

Amps [A]

Curr_HM

Current, High Moment

Amps [A]

LMZ_G01

Normalized (PFC-Corrected) Low Moment Z-RxCoil values array

pV/(m4*A)

HMZ_G01

Normalized (PFC-Corrected) High Moment Z-RxCoil values array

pV/(m4*A)

HMX_G01

Normalized (PFC-Corrected) High Moment X-RxCoil values array

pV/(m4*A)

PLNI

Power Line Noise Intensity monitor

V/m2

Bmag

Raw Base Station Mag Data filtered

nanoTesla [nT]

MAG_Raw

Raw Mag Data

nanoTesla [nT]

Mag_ED

Mag filtered

nanoTesla [nT]

Diurnal

Diurnal Mag Data

nanoTesla [nT]

Mag_Cor

Mag Data Corrected for Diurnal Drift

nanoTesla [nT]

RMF

Residual Magnetic Field

nanoTesla [nT]

TMI

Total Magnetic Intensity

nanoTesla [nT]
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Table 6-3. Channel name, description, and units for Kaweah_AEM_SCI_Inv_v1.xyz with EM inversion
results.
Parameter

Description

Unit

LINE

Line Number

East

Meters [m]

North

Easting NAD83, UTM Zone 11
Northing NAD83, UTM Zone 11

DEM

DEM from 30 m grid NED NAVD88
Unique Fiducial Number

Meters [m]

FID
TIME

Date Time Format

Decimal days

ALT_M

Altitude of system above ground

Meters [m]

INVALT

Meters [m]

Meters [m]

DELTAALT

Inverted Altitude of system above ground
Inverted Altitude Standard Deviation of system
above ground
Change in Altitude of system above ground

RESDATA

Residual of individual sounding

RESTOTAL

Total residual for inverted section

DOI_CONSERVATIVE

More conservative estimate of DOI, bgs

Meters [m]

DOI_STANDARD

Less conservative estimate of DOI, bgs

Meters [m]
Ohm-m

INVALTSTD

Meters [m]
Meters [m]

RHO_0 THROUGH RHO_38

Inverted resistivity of each later

RHO_STD

Inverted resistivity error per layer

SIGMA_I_0 THROUGH SIGMA_I_39

Conductivity

S/m

DEP_TOP_0 THRU DEP_TOP_38

Depth to the top of individual layers

Meters [m]

DEP_BOT_0 THRU DEP_BOT_38

Depth to the bottom of individual layers

Meters [m]

THK_0 THROUGH THK_38

Thickness of individual layers

Meters [m]
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Table 6-4. Files containing borehole information.
Database (*.xyz)

Description

Kaweah_ELogs_Collar.xyz

Geophysical Short Normal Resistivity Elogs

Kaweah_ELogs_Data.xyz
Kaweah_Lith_Collar.xyz

Lithology logs

Kaweah_Lith_Data.xyz

Table 6-5: Channel name, description, and units for collar files.
Parameter

Description

Unit

DH_Hole

Name of individual boreholes

DH_East
DH_North

Meters (m)

DH_RL

Easting of boreholes, NAD83, UTM Zone 11
Northing of boreholes, NAD83, UTM Zone 11
Elevation of top of borehole

DH_Dip

Dip of borehole
Azimuth of borehole

Degrees

DH_Azimuth
DH_Top

Depth to top of borehole

Degrees
Meters (m)

DH_Bottom

Depth to bottom of borehole

Meters (m)

Meters (m)
Meters (m)

Table 6-6. Channel name description and units for Lithology borehole data.
Parameter

Description

Unit

DH_Hole

Name of Borehole

DH_East
DH_North

Easting of boreholes, NAD83, UTM Zone 11
Northing of boreholes, NAD83, UTM Zone 11

Meters (m)

DH_RL

Meters (m)

DH_From

Elevation of top of borehole
End of interval

DH_To

Start of interval

Meters (m)

Meters (m)
Meters (m)

Lithology description associated with 30
categories
Description of lithology material

Lithcode
DH_Description

Table 6-7. Channel name description and units for E-Logs borehole data.
Parameter

Description

Unit

DH_Hole

Name of Borehole

DH_East_SPZ4_ft

Easting of boreholes, Calif. State Plane, Zone 4

Feet (ft)

DH_North_SPZ4_ft

Northing of boreholes, Calif. State Plane, Zone 4

Feet (ft)

DH_RL_ft
DH_Depth_FT

Elevation of borehole data point
Depth

Feet (ft)

SN

Short Normal Resistivity 16in

DH_East_m
DH_North_m

Type of Log

Feet (ft)
Ohm-m

GP

Easting of boreholes, WGS84, UTM Zone 11
Northing of boreholes, WGS84, UTM Zone 11

Meters (m)

All

Meters (m)

All

DH_RL_m

Elevation of top of borehole

DH_Depth_m

Depth

Meters (m)
Meters (m)

GP

All
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Table 6-8: Channel name, description, and units for the interpretation results file
Kaweah_InterpSurfaces_v1.xyz.
Parameter

Description

Unit

LINE

Line Number

Easting

Easting NAD83, UTM Zone 11

Meters (m)

Northing

Northing NAD83, UTM Zone 11

Meters (m)

DEM_m

Topography at 30m sampling (NAVD 1988)

Meters (m)

RHO[0] through RHO[38]

Array of Inverted model resistivities of each later

Ohm-m

RESDATA

Inversion model residuals of each individual sounding

DEP_TOP[0] through DEP_TOP[38]

Depth to the top of individual layers

Meters (m)

DEP_BOT[0] through DEP_BOT[38]

Depth to the bottom of individual layers

Meters (m)

DOI_Conservative

More conservative estimate of DOI from Workbench

Meters (m)

DOI_Standard

Less conservative estimate of DOI from Workbench

Meters (m)

WaterTable_2017

Elevation of the top of the water table from the 2017 report.

Meters (m)

Top_Corcoran

Top of Corcoran Clay in the Kaweah AEM survey area

Meters (m)

Bot_Corcoran

Bottom of Corcoran Clay in the Kaweah AEM survey area

Meters (m)

Top_Granite

Top of Granite which only occurs on L730300

Meters (m)
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Table 6-9. Files containing ESRI ArcView Binary Grids *.flt (NAD 83 UTM 11 North)
Grid File Name

Kaweah_DEM

Kaweah_WT_F2017

Kaweah_Basement_DepthTo

Kaweah_Basement_TopEle

Kaweah_CorClay_TopEle

Kaweah_CorClay_BotEle

Kaweah_CorClay_DepthTo

Kaweah_CorClay_Thickness

Description
Digital Elevation Model (ground surface
elevation) (NAVD88 meters) of the 2018
Kaweah survey area, NAD83/UTM Zone
11N, meters
Elevation (NAVD88 meters) of the water
table (Fall 2017) for the 2018 Kaweah
Survey area, NAD83/UTM Zone 11N,
meters
Depth to Top of Basement (NAVD88
meters) for the 2018 Kaweah Survey area,
NAD83/UTM Zone 11N, meters
Elevation of the Top of Basement
(NAVD88 meters) for the 2018 Kaweah
Survey area, NAD83/UTM Zone 11N,
meters
Elevation of the Top of the Corcoran Clay
(NAVD88 meters) for the 2018 Kaweah
Survey area, NAD83/UTM Zone 11N,
meters
Elevation of the Bottom of the Corcoran
Clay (NAVD88 meters) for the 2018
Kaweah Survey area, NAD83/UTM Zone
11N, meters
Depth to the Top of the Corcoran Clay
(NAVD88 meters) for the 2018 Kaweah
Survey area, NAD83/UTM Zone 11N,
meters
Thickness of the Corcoran Clay (NAVD88
meters) for the 2018 Kaweah Survey area,
NAD83/UTM Zone 11N, meters

Grid Cell
Size
(meters)
10

30

500
500

500

500

500

500
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6.2 Description of Included Google Earth KMZ Data and Profiles
In addition to the data delivered in “.xyz” format, a Google Earth .KMZ file was generated to view the
geophysical AEM flight line locations and interpreted geologic data. KMZ files for all “As-Flown” flight
lines and data “Retained” for inversion after editing are included in the folder
“Appendix_3_Deliverables\KMZ\FlightLines”.
KMZ files of the potential recharge zones in the Kaweah Subbasin AEM investigation area are included in
the folder “Appendix_3_Deliverables\KMZ\Recharge”
Unique KMZ files were created for each individual flight line. Within this specialized KMZ file, the AEM
flight line is shown as well as place marks at each location where there are interpreted geologic results.
The attribute data for each unique place mark contains location information plus the elevations of tops
of the interpreted stratigraphy as well as the 2017 water table. This KMZ file is located within the
“Appendix_3_Deliverables\KMZ\Interpretation\Kaweah_Profiles” folder. Also, in this folder is a
“GoogleE_Readme.pdf” file that provides instructions in regard to the “Settings” changes that need to
be made in Google Earth, and how to use the KMZ files in Google Earth including a legend of what
attributes are displayed when an AEM sounding location is clicked. This file is repeated below as a
convenience. An example of the Kaweah AEM Interpretation KMZ is presented in Figure 6-1.

6.2.1 Included README for the Kaweah Subbasin AEM Interpretation KMZ
README for:
Kaweah_AEM_Interpretation.kmz
Data Files - Please copy the folder Kaweah_Profiles to your C:\ drive. Do not rename any of the
images within the folder.
Google Earth Instructions:
STEP 1: In Google Earth, click "Tools", then "Options".
STEP 2: In the Google Earth Options box, click the "General" tab.
STEP 3: Under "Placemark balloons", make sure the box is checked to allow access to local
files (the profiles).
STEP 4: Under "Display", make sure the box is checked to show web results in external
browser.
STEP 5: The Kaweah_AEM_Interpretation.kmz file within the folder named Kaweah _Profiles
can now be opened and viewed in Google Earth.
Data:
Line – AEM line number
Easting (m) – Easting coordinate in NAD83, UTM 11N, in meters
Northing (m) – Northing coordinate in NAD83, UTM 11N, in meters
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Elevation (m) – Digital Elevation Model (DEM) elevation in meters
WaterTable2017 Elev (m) – 2017 Water Table elevation, in meters (From CA-DWR)
Top of Corcoran Clay (m) – Top of Corcoran Clay, in meters
Bottom of Corcoran Clay (m) – Bottom of Corcoran Clay, in meters
Top of Basement (m) – Top of the Mesozoic Basement materials (Granite, Ophiolite),
meters
Profiles – Link to AEM Interpreted Lithology profile images
Legend – Link to this write-up describing data channels listed here
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Figure 6-1. Example Google Earth image for the Kaweah AEM Interpretation kmz.
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ABBREVIATIONS
AB ...................................................................................... California State Assembly Bill
AF.................................................................................................... Acre Foot / Acre Feet
CARB ............................................................................... California Air Resources Board
CASGEM.................................... California Statewide Groundwater Elevation Monitoring
CEC................................................................................... California Energy Commission
CEQA ....................................................................... California Environmental Quality Act
CFS .............................................................................................. Cubic-Feet per Second
COLA ....................................................................................... Cost Of Living Adjustment
CPDC .................................................................... Consolidated Peoples Ditch Company
CPI ............................................................................................... Consumers Price Index
CV-SALTS..................... Central Valley Salinity Alternatives for Long-Term Sustainability
CVC..................................................................................................... Cross Valley Canal
CVSC .............................................................................. Central Valley Salinity Coalition
CVP ................................................................................................. Central Valley Project
CVPIA ................................................................. Central Valley Project Improvement Act
DWR............................................................... California Department of Water Resources
EDC................................................................................................ Evans Ditch Company
EID ............................................................................................... Exeter Irrigation District
EIR ...................................................................................... Environmental Impact Report
ESA ............................................................................................ Endangered Species Act
ET........................................................................................................ Evapotranspiration
FKC ....................................................................................................... Friant-Kern Canal
FWUA................................................................................... Friant Water Users Authority
FWA ............................................................................................... Friant Water Authority
GASB ........................................................... Governmental Accounting Standards Board
GW ............................................................................................................... Groundwater
GWMP............................................................................ Groundwater Management Plan
ID............................................................................................................. Irrigation District
IRWM ....................................................................Irrigated Regional Water Management
ITRC ........................................ Irrigation Training and Research Center at Cal Poly, SLO
KC & IC ............................................................... Kaweah Canal and Irrigation Company
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KDWCD.......................................................... Kaweah Delta Water Conservation District
KRB ................................................................................................... Kaweah River Basin
KRPA ................................................................................ Kaweah River Power Authority
K&SJRA .......................................................... Kaweah and St. Johns Rivers Association
KTWD....................................................................................... Kern-Tulare Water District
LIWD ............................................................................. Lakeside Irrigation Water District
LSID ........................................................................ Lindsay-Strathmore Irrigation District
MOU ................................................................................ Memorandum of Understanding
MW .....................................................................................................................Megawatt
NRCS ................................................................Natural Resources Conservation Service
O&M ...................................................................................... Operation and Maintenance
PCA .................................................................................... Paramount Citrus Association
P&P ........................................................................Provost & Pritchard Consulting Group
SJRR ................................................................................. San Joaquin River Restoration
SSJVWQP or Coalition.................. Southern San Joaquin Valley Water Quality Coalition
SOR ..................................................................................... System Optimization Review
SWP ................................................................................................... State Water Project
SWRCB ................................................................. State Water Resources Control Board
TID or District ............................................................................... Tulare Irrigation District
TLBWSD .......................................................... Tulare Lake Basin Water Storage District
USBR or Bureau ..................................................................... US Bureau of Reclamation
WCD....................................................................................... Water Conservation District
WRI .................................................................................. Water Resources Investigation
WWC ................................................................................... Wutchumna Water Company
WWTP ................................................................................... Wastewater Treatment Plan
WY .................................................................................................................. Water Year
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EXECUTIVE SUMMARY
In 2010 the District commissioned a System Optimization Review (SOR) Study
consistent with a grant application to the Bureau of Reclamation for partially funded
through the WaterSMART Program. The SOR Study was to research and evaluate the
major aspects of the District and present identified trends to the Board of Directors for
consideration in order to determine priorities and identify priority projects to be
undertaken in the coming years. This was accomplished through a review of many
District records as well as through the development of an Initial Summary Document
that was used as part of a District Strategic Planning Effort. The following are a
summary of several important developing trends and issues that were identified through
these efforts.

Identified Trends and Issues
District Water Supply
Reduced CVP Supplies
Information summarized in the Strategic Planning Effort’s Initial Set-up Document
indicated that the District has received less Friant Division CVP surface water in recent
years than they had in the first three decades of the systems operation (decades of 50s
to 80s). TID has been exchanging 5,000 to 8,000 AF of their Friant Division CVP supply
for additional Kaweah River supply over the last 15-20 years, thus decreasing the indistrict diversion of the CVP supply and increasing the Kaweah supply. However, this is
trend is very likely related to the cost of supplies. In the late 1980’s Class 1 water cost
$3.00 per acre-foot and Class 2 water cost $1.50 per acre-foot. Friant CVP water pricing
changed in the early 1990s and CVP deliveries dropped in the same time frame. Also,
at that time the contractual “Obligation Period” that included the take or pay provisions
for CVP water was removed, which took away the financial disincentive to forego water
diversions. The District has charged growers $33/AF for supplies since 2005.
Groundwater pumping costs in the District were estimated to be between $30-45/AF
given an average depth to water of 143 in Spring 2013. As reference Friant Division
CVP Class One rates at roughly $45/AF and Class Two rates at roughly $30/AF.
SJR Restoration Settlement
The decade of 2010 – 2020 will likely see a further reduction in available CVP water
supplies from the implementation of the San Joaquin River Restoration Settlement
(SJRR Settlement). The SJRR Settlement could eventually reduce the District’s Friant
Division CVP surface water resources by as much as 20 percent per year on average
ES-1
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(14,400 AF/year). Some recirculation programs have been successful in recouping
some supplies, but it is still clear that when full restoration flows are established on the
reconstructed San Joaquin River that the District’s Friant Division CVP waters will
further decline.
Groundwater
Reduced SWP/CVP Supplies
In 2007 a series of legal decisions restricted the amount of surface water that was
deliverable through the Delta and into the joint SWP-CVP system. These decisions
dramatically reduced the amount of surface water delivered to growers to the west of
the District and began to impact the groundwater resources beneath the District as
growers to the west pumped greater volumes than before to meet the developed ag
demand.
GW Level Declines
2007-2009 were dry years and regionally there was significant decline in groundwater
levels, with many wells in the area needing to be redeveloped to be able to access
deeper groundwater levels. 2012 was also dry, but 2013 has been a historic dry year
and readings from this spring indicate that historic low groundwater depths will likely be
reached this summer.
Groundwater Regulation
In the last few years the State has been making steady moves toward the regulation of
groundwater through the Irrigated Lands Regulatory Program (ILRP), regional
groundwater monitoring requirements to qualify for State grant funding and other bills
that have been unsuccessfully introduced in the legislature. This trend was the
impetuous to update the District's Groundwater Management Plan to current standards.
The general belief is that groundwater adjudication will occur in the Central Valley at
some point in the next 10-20 years.
Infrastructure
The age of several key facilities in the District indicate that plans to rehabilitate these
facilities need to be made now before they begin to be at risk of failure (i.e. Rocky Ford
diversion structures, St. Johns River Siphon, Kaweah River Siphon, TIC Siphon, and
Crocker Cut channel and diversion). Each of these projects would require millions of
dollars to facilitate meaningful rehabilitation or modifications. Also the Area Pipelines, a
portion of the District's in-district conveyance system, are in need of rehabilitation and
ES-2
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betterment. The capacity of the systems appear to be sufficient to serve ag demands in
peak months given a highly scheduled system, but additional flexibility is desired by
growers.
Existing Partnerships
City of Visalia
The District has been very successful in working towards partnerships with the City of
Visalia in recent years. The two primary partnerships are through the Packwood Creek
Seepage Reimbursement Program and the Visalia WWTP Pipeline and Exchange
Agreement.
KDWCD
The District’s partnership with KDWCD have generally been centered around the
agreements developed in 2001 between the City of Visalia, KDWCD and TID. The two
districts partner on the MIC Seepage Reimbursement Program and have also partnered
on the Packwood Creek Structures Project (Visalia Water Management Committee).
City of Tulare
The District’s partnership with Tulare focuses on the development of groundwater
recharge facilities northeast of the City and the recharge of wet year waters through
those facilities. Swall Basin was developed as a partnership in this way. However,
given current land development in the region it is unlikely that Tulare will need additional
Basins to justify local development in near future.

Priority Projects and Efforts for the District
Strategic Planning Priorities
Through the District’s Strategic Planning Effort the Board of Director concluded that 1)
Water Supply Balance and Vulnerability and 2) Distribution System Maintenance
Improvements would be the District’s top two priorities through the envisioned planning
window (approximately 5 years). Water Supply Balance and Vulnerability was
understood to mean the import of as much surface water as feasible given existing
finances in order to increase the reliability of groundwater resources for use during dry
years. Distribution System Maintenance Improvements was understood to mean the
improvement of the level of service to growers and provision of as uniform and reliable
delivery capacity as possible throughout the District. Both of these top priorities appear
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consistent with the District’s recent developed projects, cooperative efforts and
decisions about water supply.
Priority Projects
New Basin Development
New Basin facilities will allow the District to take greater advantage of available surplus
surface water both on the Kaweah & St. Johns Rivers and the Friant Division CVP. An
analysis of floodwater availability between 1981-1999 showed that on average there are
approximately 70 days/year when floodwater is available to TID. The development of
new basins would increase the District’s ability to make use of surplus water during wet
times when there is little ag demand and also significant available conveyance capacity.
It was assumed that on average the newly developed basins would recharge 0.25
AF/acre/day (conservative rate). These values were compared against the estimated
average annual impact from full SJR Restoration flows and it was estimated that the
District would need to develop approximately 865 acres of new basins just to offset
these impacts. These facilities were planned to be located in advantageous areas that
will also help with water management during irrigation runs (reregulation capabilities,
reduce spill, develop more consistent head, etc.). These facilities will have a funding
nexus with Title X Part III grants from the Bureau of Reclamation and which should be
pursued in future rounds, but this funding source would require 50% matching cost
share.
Area Pipelines
There is currently interest and momentum to rehabilitate these older concrete mortar
join pipe systems, improving their capacity and providing more on-demand deliveries to
growers. It was thought that these systems would be rehabilitated with approximately
equivalent diameter C900 PVC pipelines, which would reduce friction and provide
relativity low cost alternatives. However the projects to rehabilitate these pipelines are
also millions of dollars per project and might not increase total water delivered (only
water better managed).
Crocker Cut
The MIC is a long linear facility that is vulnerable to disruption if key components were
ever to catastrophically fail. A project that would address this significant risk would be
to rehabilitate the existing Crocker Cut Channel and develop a new check structure in
the Kaweah River that would allow the District to divert larger flows through this facility
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and thereby develop a back-up system. Round 3 IRWM Funding appears to be a
possibility for the development of this facility.
Priority Efforts
Obtain Additional Surface Water Supplies
Given the groundwater overdraft in the District and the anticipated surface water
reductions from SJR Settlement it will be critical for the District to obtain new surface
water supplies for both delivery to District ag demand and for groundwater recharge.
The current effort underway is connected to the improvement of the City of Visalia’s
WWTP and an exchange with the City for tertiary treated wastewater. However, it also
was viewed that the District would need to continue its historic practice of obtaining
available Kaweah or St. Johns River entitlements. Also in recent years there have been
Friant CVP contractors that have reassigned their contract supplies and this is also a
possibility for the District to increase their available supplies.
Potential Supply Sources:
 Existing Exchange Partners - WWC, LSID, KTWD, City of Visalia, City of Tulare
 Potential RWA Program Partners - Friant Division CVP contractors
 Recirculation Return Partners - TLBWSD/Lake Bottom
 Surplus KSJRA Water Partners - Consolidate Peoples DC, Wuchumna WC
KDWCD previously estimated in their Water Resource Investigation (WRI) Study that
the long-term overdraft in the District was roughly 7 thousand acre-feet (TAF)/year1.
With the reduction of Delta supplies to lands west of the District this overdraft may have
doubled since 2007. Also the average annual reductions anticipated from SJR
Restoration have been estimated as 14.4 TAF/year for a total deficit of somewhere near
37 TAF/year. If it is assumed that the net increase in water deliveries from the Visalia
WWTP exchange is 8 TAF/year, the new RWA Program is 8.5 TAF/year, and future
basins would be capable of recharging an additional 15 TAF/year of floodwater. This
would indicate that the District appears to be in the market to acquire approximately 3-9
TAF/year. Funding for the effort to obtain additional water supplies could be developed
through a Prop 218 Election so that when the opportunity presents itself the District is
ready to act.

1

2005 update of the KDWCD WRI, Table 77, value for Hydrologic Unit V, Specific Yield Method water
balance.
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MIC Facilities
Although it does not appear that the capacity in the MIC needs to be expanded, the age
of the major components of the MIC system will need to be rehabilitated in the near
future. There is no way to predict when aging infrastructure will finally fail. However
when it can be seen to be in significant decline it is time to plan for how the facilities will
be rehabilitated and what contingencies can be developed for when they do fail. The
time to decide how the key pieces of the MIC should be rehabilitated and how they will
be financed is now and not after they have failed. If the District waits for their failure
before taking action, the District may not be able to deliver water in a year with available
water. The FKC Diversion, WWC Siphon, Rocky Ford Diversion, St. Johns River
Siphon, Kaweah River Siphon, TIC Siphon, and Crocker Cut are all facilities that appear
to need rehabilitation in order to ensure their usefulness to the District for the next 50
years. The rehabilitation and improvement of these facilities would likely be a part of a
Prop 218 Election given the large capital costs necessary and that they benefit the
District’s entire service area.
Finances
District Assessments have been held the same since the passage of California’s
Proposition 218 (mid 1990s) and water charges have been held to a competitive level
with groundwater pumping costs. The average annual revenue for the current and U.S.
Environmental Surcharge assessments consists of $1.0 million and $1.1 million
respectively. Viewed differently, the District’s assessments are approximately $30/acre
over 70,000 acres. Water supply costs to growers have been $33/AF since 2005.
Below are a few other CVP district assessment and water supply rates from 2010 for
comparison:




Delano-Earlimart ID
Shafter-Wasco ID
Lower Tule River ID

$72.50 per acre
$43.50 per acre (Ag parcels)
$34.92 per acre

$50 – 65/AF;
$50 – 65/AF;
$40 – 75/AF;

Currently the District’s finances appear stable within the planning window and revenues
are mostly developed from assessments and water charges. The District’s expenses
appear to be increasing at a rate less than the Consumer Price Index over time, but if
significant new projects or efforts are undertaken adjustments will need to be made to
provide the needed funding.
One thought was that given the age of District facilities and changing surface water
supplies the District needs the financial capacity to develop something like $50 million in
MIC projects (Rocky Ford, both River siphons, Crocker Cut), $30 million in new basin
ES-6
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projects (approximately 865 acres) and a $10 million water deal over the next 15 years.
An example of a possible funding plan would include raising assessments to a
competitive rate with other districts, say $50/acre, thus generating an additional
$1,400,000 per year. Over a 30 year period (reasonable loan repayment period) this
increase would total $42 million. This could be accompanied by $20 million with $10
million in grants for new basins and $10 million in grants for MIC project for a
construction fund of $62 million. If an increase in the water rate from $33/AF to $40/AF
was also employed that would also develop approximately $500,000 per year on
average and over a 30 year period that would develop $15 million. That would increase
the total developed funding to $77 million, which would be very significant.

Conclusions
The priority projects identified in this study are three very different kinds of projects and
are all priorities to the District. These projects also require very different amounts of
capital for development and for that reason it is likely that the District will attempt to
undertake these projects as grant funding opportunities become available. Therefore it
appears that the District will pursue parallel tracks with these efforts as they are all
significant to District priorities.
Assessments, water rates and grant funds are the three major components involved in
crafting a feasible funding plan to implement District goals. However, each one of these
components can be more or less involved in the effort depending on how the District
decides to proceed. It appears that with some adjustments to the District’s current
assessments and water rates it will be feasible to develop the priority projects and
efforts the District wishes to pursue.
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1 INFORMATION GATHERING AND IDENTIFYING ISSUES
1.1 General Study Introduction
Tulare Irrigation District (TID of District) was successfully selected to receive a grant
from the Bureau of Reclamation for a System Optimization Review (SOR) Study in
2009. The grant application that was submitted in 2008 described a broad study effort
in eleven tasks that included an update to the current groundwater management plan,
an assessment of District resources, and the development of a strategic plan that would
prioritize the efforts the District considered for development. The efforts involved in
each task were to be summarized and reported on through a technical memorandum
that would be incorporated into the SOR Study's Final Report. For that reason this
Report has been organized so that its sections correspond to the Tasks in the original
grant application.
1.1.1 Scope of the SOR Study
The geographic scope for the SOR Study was the entire area within the District plus the
conveyance facilities that are operated or controlled by the District outside the District
boundary. However, in a few tasks of the SOR, regional partners were engaged to
investigate the possibility of mutually beneficial projects that could be outside the study
area.
The SOR study addresses several pressing water management issues for the District.
These issues are generally grouped into three categories, which are (1) in-district
operations, (2) utilization of resources, and (3) plan preparation. The SOR Study
evaluated (1) the District’s historic surface diversion versus the District’s available
supplies, (2) the existing capacity of the District’s surface water delivery system, (3) the
District’s historic and current agricultural demands, (4) the estimated amount of
agricultural groundwater pumped versus the estimated safe yield, (5) potential
groundwater recharge/banking projects near the District’s delivery system and will
develop (6) a strategic plan to address the pressing issues the District faces of the next
several years, (7) an updated groundwater management to protect vital groundwater
resources and (8) new projects to address specific limiting issues identified through the
SOR through preliminary design, estimated yield and project cost estimates.
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1.1.2 Scope of Task One
1.1.2.1 Analysis and GIS Mapping of District Information:
Information associated with the District’s distribution system was researched and
mapped in GIS. The information was envisioned to include canal locations and
capacities, control structures, in-line, regulation and recharge basin locations and
recharge/seepage capabilities, turnout locations, and locations within the District that
are connected to the District’s existing SCADA. Also, general physical information on
the District was included in the GIS mapping. This information included Tulare County
assessor parcels, acreage, ownership, zoning, information on excess lands, USGS
quadrangle ground surface contours, and KDWCD depth to groundwater contours.
1.1.2.2 District Consumptive Use Analysis and Crop Mapping
The District performs crop surveys generally twice a year once in the late spring (AprilMay) and then again in the late summer (August-September). This pattern allows the
District to evaluate most double-cropping that is occurring. District ditchtenders use
sets of maps that are revised every year to reflect the approximate shape of fields
versus the parcel boundaries depicted through County APN maps. Information from
these maps is then summarized in spreadsheets for evaluation against previous years.
District crop summaries and map books information from 2009-2010 was reviewed and
included as GIS shapes for the District’s use. Information from the round one and round
two surveys in each year was included. The monthly agricultural water requirements for
crops within the District were estimated and a monthly estimate of average annual
agricultural demand was generated for the District.

1.2 GIS Information
1.2.1 ACAD Basemap
The District’s most current AutoCAD basemap was used as the basis for developing a
GIS map of their facilities. The features in this map were segregated by layers, such as
canals, pipelines, basins and irrigation runs. The projection used in the AutoCAD
drawing was translated to match available County and State GIS information sets.
Figure T1-1, on the following page, sows these facilities overlaid on an aerial photo.
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Figure T1-1: District Facility Map in GIS
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1.2.2 2009 – 2010 Field Surveys
As was previously mentioned the District’s 2009 and 2010 field surveys were used to
develop GIS shapefiles. The District’s field surveys were recorded on schematic
printouts of sections (approximately 640 acre blocks) with fields sketched in and crops
identified per field. The District’s practice is to take a base set of these schematic
printouts and fill them in seasonally and record changes to field splits. These
information sets for 2009 and 2010 were used to develop crop maps for the District that
showed areas of double cropping. A GIS based mapbook of this information was
developed for the District which can be reviewed in Appendix A.
1.2.3 GPS Survey Info on Facilities
The District surveyed existing turnouts and other facilities along their in-district canal
system during the SOR Study and provided this information to be included in the
developed GIS. As this survey information became available it was evaluated,
organized by canal system and included. Figure T1-5, at the end of this section, shows
these survey points.
1.2.4 Groundwater Monitoring Network & Levels
As part of the Groundwater Management Plan Update the District’s monitoring well
network was also included in GIS. Figure T1-6 showing these well locations can be
found at the end of this section.
Groundwater levels throughout the District have historically fluctuated seasonally and
according to precipitation. According to District records, when the District began
recording average depth to groundwater levels in 1949, the average depth to
groundwater was 63.0 feet. Prior to 1977, the District had seen the average
groundwater levels fluctuate from 63.0 feet to 98.5 feet, with an average of 78.4 feet.
Beginning in 1977, the driest recorded year on record, the District saw a two-year
decline of 22.9 feet; which brought groundwater levels to an average all-time low of
101.6 feet.
In 1979, the District recorded a one-year rise of 23.8 feet, bringing groundwater levels
close to their pre-1977 level of 77.8 feet. Between 1979 and 1987 groundwater levels
rose approximately 40 feet to a District average of 38.0 feet. Historic hydrographs show
that from 1987 to 1995, the region experienced a 7-year drought that saw groundwater
levels decline approximately 80 feet, with most wells seeing an average depth to water
decline from 40 feet to around 120 feet.
T1-11
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Table T1-1 shows the average recorded depth to water levels from 1995 to 2009.
Between 1995 and 1999, the District saw a five-year rise in water levels of 41.6 feet.
However, from 1999 to 2009, the average depth to groundwater declined 49.2 feet to an
all-time low of 125.4 feet. From 1995 to 2009, the District saw five years that can be
classified from their percent of water year, as considerably-above average; two years
that can be considered average; three years below-average; and five years of
considerably-below average.
Table T1-1: Tulare ID Average Depth to Water

Year

Average Depth
to Water (ft)

San Joaquin
River % WY

Kaweah River
% WY

1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009

117.8
101.2
101.9
92.0
76.2
78.5
83.3
92.1
102.3
106.2
110.8
102.0
98.4
115.5
125.4

214.4%
121.8%
153.8%
174.7%
84.4%
96.3%
58.9%
64.7%
80.2%
62.5%
156.5%
175.9%
37.8%
61.6%
80.5%

201.0%
123.0%
178.0%
216.0%
62.0%
86.0%
61.0%
72.0%
99.0%
55.0%
146.0%
165.0%
39.0%
---

1.2.5 District GIS System
At the normal March 2013 Board of Directors meeting the District’s GIS consultant
presented information on various approaches and associated costs that the District
might take regarding a District GIS system. Given the GIS information that has been
developed as a part of the SOR Study the District was interested in how that information
might be used, further developed and maintained over time. Information on software
licensing options, hardware requirements and what the consultant currently does for
other districts through the Valley was presented to the Board of their consideration.
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1.3 Ag Demand
1.3.1 Major Crops
In the early 1950s there was approximately 58,000 acres of cropped acreage within
Tulare ID and the majority of it was planted to cotton. Although cotton remained the
dominant crop within the District for many years, cotton is now a much smaller part of
the District’s crops. In the late 1990s and 2000s the cropped acreage within the District
had increased to as much as 72,000 acres and the dominant crops became corn, wheat
and alfalfa. The increase in planted acres within the District over time has mostly been
attributed to multiple-cropping. What can also be noticed from the annual District
cropping summaries are that the permanent crop acreage, while minor in relation to the
other major crops, has been steadily increasing. The shift in District crops has
increased the demand for irrigation water because several of the most prevalent crops
have a higher water demand than cotton. Also corn is often double-cropped with wheat
which creates a higher water demand than cotton. Figure T1-7 showing the historical
cropping trends for the District can be found at the end of this section.
The major crops in the District were corn, alfalfa, wheat, cotton, pistachios and walnuts
in 2010. The District crops were evaluated based on average local precipitation,
effective precipitation within the growing season, ideal crop water use, and typical
irrigation efficiency. Using these sets of information the following monthly ag water
demand patterns was developed.

1.4 Service Area
The total area within the District is approximately 77,000 acres, including an area
surrounding the the City of Tulare. The total service area within the District is
approximately 65,000 acres, with 62,000 being irrigable. Recently as the City of Tulare
has grown, some areas that were crops have been converted to urban development
and have detached from the District. Also, a significant number of dairies have been
developed in the District. Both of these developments have reduced the cropped
acreage within the District.

1.5 Conveyance System
1.5.1 Main Intake Canal (MIC)
The TID Main Intake Canal is roughly 14 miles long, beginning at the Friant-Kern Canal
and terminating at the northeast boundary of the District. At this point the system
bifurcates into Main Canal and the North Branch Canal.
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Table T1-2: Annual Crop Demands

2

Annual
Inches

Crop
Pasture and Misc. Grasses
Cotton
Corn and Grain Sorghum
Alfalfa Hay and Clover
Walnuts
Pistachio

48.09
34.39
31.00
47.33
45.00
37.28

Table T1-3: 2010 Ag Demand Monthly Summary

Crop
Corn
Wheat
Alfalfa
Cotton
Pistachios
Walnuts
All Others
Total

Acres
22,827
19,538
15,647
7,591
4,811
3,072
4,420
77,906

Jan

Feb

Mar

Apr

1,387
1,314
21
2,723

2,618
1,909
74
4,601

6,858
4,991
267
478
12,595

7,307
6,149
357
241
774
761
15,589

MONTHLY WATER DEMAND, (AF)
May
June
July
Aug
Sep
Oct
1,347
6,392 16,162 15,774
8,766
4,943
9,435 11,078 11,375 10,218
7,651 4,725
1,435
4,099
6,346
5,800
2,384
2,203
3,878
4,162
3,733
2,439
933
1,530
2,193
2,538
2,286
1,450
513
1,857
3,010
3,045
1,754
791
358
22,750 30,650 43,627 39,564 23,481 6,530

2

Nov

Dec

1,211
2,707
140
65
54
4,176

801
1,221
10
2,032

Total
(AF)
48,439
25,126
72,774
20,420
17,729
11,615
12,212
208,315

As per ETc Table for irrigation District Water Balances, Zone 14 Monthly Evapotranspiration, Surface Irrigation Typical Year. ITRC, California
Polytechnic State University, San Luis Obispo.
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1.5.2 Runs
The District’s water operations are broken into six different geographic sections; called
runs. The runs were designed to distribute to a number of customers and turnouts
along with the distribution of water between systems to several District ditch tenders
and maintenance personnel. Table T1-4 contains a brief summary of information on
each irrigator run.
Table T1-4: TID Irrigator Runs Summary

Run
Name
Run 5
Run 7
Run 9
Run 10

Run
Area
(Acres)

Total
Canals/Ditches
(Miles)

Total
Basins

11,957

33.1

0

7,277
10,670
9,434

23.7
41.4
28.2

2
1
1

Total
Turnouts Predominant Crops
108

Wheat, Alfalfa

85

Walnuts, Wheat, Corn,
Alfalfa, Vineyards

149

Wheat, Alfalfa, Walnut,
Cotton, Corn

95

Wheat, Alfalfa, Cotton,
Corn, Pistachios

Run 11

16,899

41.5

4

121

Wheat, Alfalfa, Corn,
Cotton, Pistachios

Run 14

12,538

33.4

2

123

Wheat, Alfalfa

1.5.3 Area Pipelines
There are approximately 14 miles or over 74,000 linear feet of what are termed area
pipelines within the District. From District records, these pipelines are mostly concrete
and were constructed in the 1960s3. It has been explained that these facilities generally
were developed because there was insufficient room for a canal, or because
landowners didn’t want a nearby canal.
Currently none of these area pipelines is scheduled for replacement, but given that most
of them are at least 50 years old it would appear that they are near the end of their

3

The two exceptions being the Area 17 pipeline (PVC built in 1978) and the Area 25 pipeline (PVC built in
2010).
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expected life span. This could be evidenced by the number of repairs to these facilities
over the last several years.
1.5.4 Basins
The District currently has 12 recharge basins (see Table T1-5) that cover approximately
1,110 acres for groundwater recharge purposes and distribution system regulation. The
District is currently constructing the Plum (a.k.a. Swall) Basin, which is scheduled to be
completed in 2013 and is capable of holding approximately 710 AF within its 142 acre
footprint. The District is also constructing a small regulation/recharge basin behind its
new office called the Martin Basin. Although the District operates and maintains all the
recharge basins within their District boundary, they have partnerships with other entities
in the use of several basins.
Table T1-5: TID Recharge Basins

Name
Abercrombie
Anderson
Creamline
Doris
Enterprise
Guinn
Swall
Tagus
Watte
K.D.W.C.D. #3
K.D.W.C.D. #6
K.D.W.C.D. #8

(T, R, & Sec.)

Acreage

20, 24, 23
20, 23, 06
19, 25, 20
21, 23, 06
19, 24, 29
19, 23, 30
19, 25, 20
19, 24, 15
20, 23, 34
19, 23, 22
19, 23, 35
20, 23, 10

20
167
153
21
20
162
156
120
19
155
155
118

1.6 Historic Water Deliveries
In Figure T1-2 the decade of the 1960s and the 1990s are similar in terms of average
percent of runoff from the Kaweah River but very different in terms of where the District
obtained its water resources.
In the 1960s the District averaged 121,700 AF/year of Friant Division CVP water and
91,000 AF/yr of river system water. In the 1990s the District averaged 70,200 AF/year
of Friant Division CVP water and 87,900 AF/yr of river system water. These two
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decades had almost the same average percent of normal Kaweah River runoff (109
percent in 1960s and 108 percent in 1990s) and average amounts of Kaweah River
water the District diverted were very similar. However, the amount of Friant Division
CVP water that the District diverted was approximately 51,500 AF/yr less in the 1990s
than it was in the 1960s. As was discussed in the previous section, the trend for
District’s Friant Division CVP supplies appears to be reducing over time. Figure T1-9 at
the end of the section shows the comparison between the District’s use of CVP and
River supplies.
Also, in Figure T1-3 the decade of the 1970s and the 2000s are similar in terms of
average percent of runoff from the Kaweah River but different in terms of the amount of
Kaweah River water diverted by the District. In the 1970s the District averaged 117,000
AF/year of Friant Division CVP water and 66,600 AF/yr of river system water. In the
2000s the District averaged 60,800 AF/year of Friant Division CVP water and 78,000
AF/yr of river system water. These two decades had almost the same average percent
of normal Kaweah River runoff (90 percent in 1970s and 88 percent in 2000s).
However, the amount of Friant Division CVP water that the District diverted was
approximately 56,100 AF/yr less in the 1970s than it was in the 2000s while the amount
of river system water increased 11,400 AF/yr. This indicates that as Friant Division
CVP supplies have been reduced, the District is increasing its reliance on available local
river system supplies. This increased reliance on river water was made possible
through increased access to Kaweah River rights secured through agreements with
LSID, Rayo Water Co, and stock purchases of Evans Ditch Co. Table T1-6 shows the
Districts transfers in and out for water supply.

T1-17
\\ACCTSERVER\Engineer\O. Grant Projects\01 Bureau SOR Study\Final Report\131105 SOR Study Report.docx

TULARE IRRIGATION DISTRICT

TASK ONE

2013 SYSTEM OPTIMIZATION REVIEW STUDY REPORT

Table T1-6: Tulare ID CVP Transfers
1994 1995 1996
Transfer/Exchange In (AF)
Chowchilla WD
0
0
0
DEID
3,744
0
0
EID
950
0
0
FID
0
0 10,000
GWD
0
0
0
IID
0
0
0
LSID
1,711
0
0
MID
0
0
0
OCID
1,500
0
0
PID
0
0
0
SID
0 2,305
0
SCID
0
0
0
SSJMUD
0
0
0
SWID
0
0 3,000
7,905 2,305 13,000
Transfer/Exchange Out (AF)
AEWSD
0
0
CPDC
0
0
Cawelo WD
0
0
DEID
0
0
EID
0
178
GWD
0
0
HVID
0
0
IID
0
0
KCWA
875 22,810
KDWCD
0
0
KTID
0
0
K-TWD
0
0
LCID
0
0
LID
0
0
LSID
1,708
0
LTRID
4,900 2,908
MID
0
0
NKWSD
0
0
OCID
0
92
PIXID
3,000
0
RGWD
0
0
SCID
0
0
SID
0
0
SSJMUD
1,000
0
SWID
0
0
TLBWSD
0
0
Tulare Co.
0
0
TVWD
0
0
WR-MWSD
0
0
11,483 25,988

1997
0
0
0
0
0
0
0
0
0
0
0
0
6,784
0
6,784

2000

Contract Year
2001 2002 2003

0
0
0
0 42,300 7,500
0
0
0
0
0
0
0
700
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0 3,216
0
0 3,000
0
0 49,216 7,500

0
0
0
0
0 2,000
0
0
0
0
0
0
0
650
0
0
0
0
4,000
0
0
0
0
0
0
0
0
0
0
0
0
850
0
0
500
0
0
0
0
0
272
7
4,000 2,272 2,007

1998

1999

0
0
0 3,000
0
0
0
0
0
0
0
0
0
0 4,673 9,500
0
0
0
0
0
0
0
500
0
0
0
0
0
0
0
0
0
0
0
0
0 17,000
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
2,650 8,137
0 2,495
0
0
0
0
0
0
0
0
0
0
0 1,800
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
800
0
0
0
3,000
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
6,450 25,137 4,673 17,295

2004

2005

2006

2007

0
0 20,000
0 10,000 8,000
0
0
0
0
0
0
0
0 1,200
0
0
349
0
0 6,051
0
0
0
0 15,000 1,500
0
0 1,500
0
0 3,500
0
0 1,277
0 8,123
0
0
0
0
0 33,123 43,377

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0 7,000
0
0
0
0
0
0
0
0 1,843 2,779 3,141 7,150
2,348 4,984 3,706 2,177
0
0
0
0
0
0
0
0
0
620
0
0
0
0
0
0
0
0
0
0
0
0
0
647
0
0
0
0
0
0
0
0
0
0
0
0
0 2,000
0
0
0
0
2,000 1,900
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
1,537
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
800
0
0
0
0
0
0
0
0
0
0
0
0
0
850
0
590
0
857
300 1,500
850
850
2,487
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
8,372 10,541 5,849 7,926 3,991 16,237
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0
0
4,006

0
0
0
736

0
165
0
0
0 2,842
0
0
0
0
0
910
0
0
0
2
0
200
0
0
0 2,700
0
0
0 2,200
0
0
0
0
0
0
0 1,700
0 2,984
0 1,100
3,623
0
0
0
0
45
0
700
0
0
0
0
7,629 16,284

2008

2009

2010

0
0
0
0
0
0
0 1,000 3,050
0
0
0
0
750
0
0 1,199
336
2,800 1,405 2,832
0
800 10,550
1,500 5,250
0
0
0
0
0
0
0
2,000 2,024
0
0
0
0
874
0
0
7,174 12,428 16,768

0 3,700
5,165
0
0
3,945
0
0
0
0
0
0
0
0
0
0
0
685
0
0
0
0 1,000
0
0
0
0
0 24,493
0
0
0
5,600 3,585 6,300
0
0
0
0
0
0
0 1,740 3,776
0
0
0
600 1,066
0
0
0
0
0 1,500
0
0
0
0
4,000
0
0
0
0
0
0
165
0
800
0
0
874
0
0
0
0 4,465
0
0
0
859
0
15
0 3,576 4,000
22,528 11,632 47,749

TULARE IRRIGATION DISTRICT
2013 SYSTEM OPTIMIZATION REVIEW STUDY REPORT

140,000

140%

120,000

120%

100,000

100%

80,000

80%

60,000

60%

40,000

40%

20,000

20%

0

(Percent of Average)

(Acre-Feet)

TASK ONE

0%

'50 - 59

'60 - 69

'70 - 79

Avg. FKC Canal Side Project Delivery

'80 - 89
Avg. K&SJR Delivery

'90 - 99

'00 - 09

Avg. % Kaweah Runoff

Figure T1-2: Tulare ID Average CVP and River Diversions by Decade
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Figure T1-3: Tulare ID Average Total Diversions by Decade versus Kaweah R. Runoff

Looking again at Figure T1-2 and Figure T1-34 the total District water diversions in the
1960s versus the 1990s (both decades having roughly 108 percent of average Kaweah
R. runoff) shows a decline in diversions of approximately 45,900 AF/year. Also, when
comparing total average water diversions between the 1970s and the 2000s (both
decades having roughly 89 percent Kaweah R. runoff), the District relied more heavily

4

Please note that the District would have been unable to use as much surface water as is shown in year
like 1969 or 1983, and that it is believed that a large portion of this water was conveyed through TID’s
system and spilled into the Lakeland Canal and conveyed to the Lake Bottom through Cameron Creek,
the TID Main Canal and near Elk Bayou slough.
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on river supplies in the 2000s and still saw total available supplies decline 28,500 AF/yr
on average.
The decline in the available surface water supplies has also resulted to impacts on the
groundwater levels in the District. Figure T1-8 shows the historical District water supply
and the average depth to groundwater. While levels vary depending on the water year,
there has been a steady decline since the 1950s. Part of this is due to the change in
availability and cost of CVP supplies. As previously mentioned the water availability
and costs have driven the District to become more reliant on its river supplies

1.7 District Finances
On average, the District operates on a budget of approximately $6.3 million per year.
This total is based on the average of operating expenditures (Figure T1-10) from 1998
through 2009 and includes water supply costs, transmission and distribution, and also
administrative and general District functions. Revenue sources (Figure T1-11) include
water sales, assessments, taxes, grants and income from investments and joint
ventures. A summary of the water delivery charge is below in Figure T1-4. Information
and descriptions gathered for this analysis are developed from audited District
financials, historic District diversions and deliveries, the District’s 2007 Water
Management Plan, and conversations with District staff.
$35
$30
$25

$20
$15
$10
$5
$0
1965

1970

1975

1980

1985

1990

1995

2000

Delivery Charge Summer

Figure T1-4: District Historical Delivery Charges
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Figure T1-5: District Survey in GIS
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Figure T1-6: District Monitoring Well Locations
T1-22
\\ACCTSERVER\Engineer\O. Grant Projects\01 Bureau SOR Study\Final Report\131105 SOR Study Report.docx

TULARE IRRIGATION DISTRICT

TASK ONE

2013 SYSTEM OPTIMIZATION REVIEW STUDY REPORT

80,000

70,000

60,000

Acres

50,000

40,000

30,000

20,000

10,000

Total

Pistachios

Walnuts

Corn

Wheat/Barley/Oats

Figure T1-7: TID Crop Survey Graph
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Figure T1-8: Total Water Supply versus Average Depth to Water
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Figure T1-9: Tulare ID Historic CVP versus River Water Supply Comparison
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Figure T1-10: District Annual Expense Category Summary
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Figure T1-11: District Operating and Non-operating Revenue Comparison
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2 2007 Revised Update to the Fugro West December 2003
Report & Supplemental Analysis
2.1 Overview of Effort
2.1.1 Task Scope
The purpose of this task is to discuss an update, as it relates to Tulare ID, of a Water
Resources Investigation (WRI) study performed by Fugro West, Inc. that was funded by
Kaweah Delta Water Conservation District (KDWCD). Tulare Irrigation District’s (TID)
boundaries are within the KDWCD conservation area. An update to historic study was
completed in 2003 covering the period of 1981 to 1999. In January 2009 kick-off
meetings were held to discuss updating the WRI to include years 2000 through 2008.
2.1.2 Study Delays
The conservation district does not deliver water to agricultural growers, but instead is
charged with protecting the groundwater resources within their 345,000 acre service
area. This study was significantly delayed in an effort to verify the consumptive use
estimates used in the overall water balances. KDWCD has historically used DWR
County-wide crop mapping in their water balance studies to estimate agricultural
consumptive use throughout their service area. However these studies occur only
every few years which leads to significant assumption between mapped years. To
address this they began to work with a consultant to evaluate cropping through satellite
photography and an evaluative algorithm called SEBAL (Surface Energy Balance
Algorithm for Land).
As described by the KDWCD District engineer, the effort to complete the study began
during the winter 2010-2011, following the final write-up of the sensitivity analysis that
used DWR cropping information and average consumptive use values for local crops.
The District and its consultant continue to refine consumptive use tools and believe that
they will revisit the effort to refine the scope of the effort and the updated analysis. In
June 2013 TID was provided the water balance analysis of the WRI for inclusion in the
SOR Study.
2.1.3 Original Investigation (1981-1999)
Fugro West, Inc. was retained to perform the WRI by the KDWCD. The goal of the
investigation was to give KDWCD, water agencies such as Tulare Irrigation District
(TID), and landowners in the KDWCD service area a better understanding of the
T2-1
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surface and groundwater resources in the area. As part of the study, Fugro reviewed
several data sources including: water and oil well logs, precipitation records, stream
flow and runoff records, water quality records, agricultural demand and deliveries,
municipal demand and deliveries, and wastewater data. The period analyzed was
determined by finding a period of historical precipitation data that had the smallest
average departure from the historical average. The period from 1981 to 1999 had the
smallest departure from average at 0.23 inches. This means the analyzed period was
slightly a wetter period. During this time the groundwater under TID saw average
annual inflow of 22,200 acre-feet per year (AF/year) and average annual outflow of
16,200 AF/year for a net average inflow to the region of 6,000 AF/year.
2.1.4 Investigation Update (2000-2008)
As part of TID’s System Optimization Review (SOR) study, one of the tasks is to update
the WRI to include through year 2008. Fugro was again retained to perform the study.
Many of the same sources of data were updated with the additional years of data. The
average departure from average for precipitation was again analyzed, this time with the
additional years to 2008. For the period from 1981 to 2008 the average departure was 0.06 inches. This is a very small amount of deviation meaning the period from 1981 to
2008 is very near to average. It also shows that the 2000 to 2008 period was very dry
to drop the average departure approximately 0.3 inches.
TID’s average annual groundwater inflow and outflow changed significantly during this
period. The average annual inflow for the 2000-2008 period was 26,500 AF/year, an
increase of over 4,000 AF/year. Average annual outflow for the same period was
36,400 AF/year, an increase of over 20,000 AF/year. These changes resulted in net
outflow from the TID region of approximately 10,000 AF/year. This net outflow resulted
in groundwater levels dropping very significantly. However, when analyzed for the
entire period from 1981 to 2008 the net groundwater inflow and outflow are about equal.
The annual inflow for the total period was 23,600 AF/year while the annual outflow was
22,700 AF/year resulting in a net inflow of 900 AF/year.
A surprising finding from the WRI update was that wet years produced just as much, if
not more, outflow from the region than did dry years. This is believed to be due to the
increased gradient created by higher groundwater levels on the east side causing more
groundwater flow to the west side and out of the District. For average years, it does
appear that an equal amount of water flows in from the east side of the District as flows
out on the west side.
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2.1.5 Conclusion
The WRI update gives TID a better understanding of the quantity of groundwater flowing
into and out of their District each year. Understanding the net changes depending on
whether the water year is wet, dry or average also helps the District with how to manage
available supplies for recharge basins.
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3 ANALYSIS OF EXISTING GROUNDWATER QUALITY
3.1 Task Scope
This effort was a general investigation of domestic groundwater quality throughout the
County and the development of a data management system to help organize the
available information for entities that use this information to protect the resource.
The District planned to incorporate the analysis of groundwater quality within the District
from this study into the proposed SOR Study to help identify any issues that need to be
addressed in the District’s Groundwater Management Plan or District policies.

3.2 County Groundwater Quality Database
Tulare County was selected for funding by the State of California, Department of Water
Resource Local Groundwater Assistance Grant to develop a GIS for County water
quality information. Tulare County worked with the consultant that developed the grant
application for them on the effort. Tulare ID was in contact with Tulare County during
the development of the SOR Study, but never received any groundwater quality
information from the County. The County conveyed that the effort had gone so badly
with the consultant that they took the GIS information back from the consultant and
were trying to make the deliverable useable as it was originally intended. However in
the Spring 2013 the County did not have a target date for when that might be possible.
Unfortunately this potentially valuable information was not able to be used in the SOR
Study to help the District understand water quality conditions within the District service
area.
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4 ANALYSIS OF SURFACE WATER DELIVERY SYSTEM AND
AVAILABILITY
4.1 Task Scope
Task Four was scoped to analyze a number of topics in regards to the District’s
distribution system. These topics were originally scoped as:







The District’s delivery requirements\policy (head, flow, ordering, metering, billing)
at grower turnouts;
The existing capacity of the District’s distribution system versus the downstream
service area;
Unintentional seepage and if it can be determined where it is occurring;
Operational spills and regulation facilities;
The operation and benefit from the existing SCADA system;
Existing metering facilities, records and District billing;

These topics were evaluated to determine if areas of the District’s system could be
improved or made more efficient through specific projects or operation adjustments.
Also Surface Availability analyzed in the following ways:





Research and analysis of historic District surface water deliveries;
Research and analysis of historic District entitlement versus deliveries;
Determination of why water supplies were not delivered when they were
available and if some of them were determined to be excess supplies;
Analysis of San Joaquin River Restoration Settlement impact/reduction to
District’s future water supply given modeling that has been done on the Friant
Division CVP system.

4.2 Topics not evaluated
After the SOR Study began and District records began to be evaluated, it was
determined that it would not be possible to evaluated the District’s requirement\policy at
growers turnouts, unintentional seepage and if it can be determined where it is
occurring and to some extent whey some available supplies appear not to have been
delivered. First the District does not have a requirement/policy regarding capacity at
growers turnouts, therefore it could not be evaluated. Second there were not sufficient
T4-1
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mid-system measurement locations to determine the location of seepage losses through
the District’s conveyance system. Also given the various ways that the District can
move water around through their system it was also very difficult to analyze more than
capacity versus service area or agricultural demand versus combined turnout capacity
along a system.

4.3 Conveyance System
4.3.1 Capacity Evaluation of MIC
4.3.1.1 Capacity Guideline
A general Bureau of Reclamation capacity guideline for distribution systems serving
over 6,000 acres is 1 CFS per 60 acres. The Main Intake Canal (MIC), the most
significantly facility conveying water to the District was evaluated using this guideline.
Although the service area of the District is over 70,000 acres, the cropped acres that are
currently served by the MIC total approximately 61,000 acres. Using this guideline the
needed capacity to serve the District would be approximately 1,017 CFS. The MIC’s
capacity is approximately 900 CFS and with the inclusion of 200 CFS through
Packwood Creek the MIC appears to have sufficient capacity based on the guideline.
4.3.1.2 Estimated Demand in Peak Month
An evaluation of District ag demand in the peak month (July) was undertaken using a
general ag demand value of 4.1 AF/acre. This total ag demand per acre was
proportioned into monthly demands given the percentage of deliveries seen in districts
in the area. This evaluation shows that July's demand was greatest at 666 CFS for ag
and 183 CFS for recharge, totaling 849 CFS which can be done through the MIC. This
value might not be conservative because it spreads demand out evenly over a whole
month. However, this estimate also accounts for 100% of ag and recharge demand in
the service area and for that reason is likely conservative.
Even if the District developed another 1,000 acres of recharge ponds and put them into
service, the reduction in ag demand would more than compensate for the recharge
demand developed. Therefore there doesn’t appear to be a need to increase the
capacity of the MIC.
4.3.1.3 Upper System Capacity vs. Losses
If it was assumed that 10% was lost through conveyance in the MIC (900 CFS max.)
then the District could receive 810 CFS at the NE corner of the District. This capacity
T4-2
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seems to make sense with the Main Canal being 310 CFS and the North Branch being
500 CFS, meaning that the Main Canal and North Branch would have to be modified to
accommodate additional flow if the MIC were expanded any further. Then if you
assume again that on average the District would lose 10% in-district to conveyance that
would leave you with about 730 CFS that could be delivered to growers. If that is the
case, the MIC alone would allow the District to deliver to all of the ag demand in the
peak month and have 63 CFS for recharge (not meeting 120 CFS of potential
recharge).
4.3.2 Basins
The District lists their total current basin acreage as 1,250 acres. Assuming that 95% of
that area is effective recharge area (1,188 acres) and the average long-term recharge
rate is 0.25 AF/Acre/Day, it was estimated that the maximum flow associated with
delivery to recharge would be approximately 150 CFS. This would not be associated
with filling the basins, but rather with maintaining them after they were filled.
In the past TID in-district amount of seepage was fairly high at approximately 20%
(2001 CH2MHill). There were not explanations suggested for this in published
information, but in discussions with District staff it was believed to be caused by running
basin cells and operational spills. Many District basins were structured so that District
conveyance facilities flowed water into them on one side and flowed out of them on the
other (the basins were in-line) and there was no way to avoid having the basins full of
water when the conveyance facilities were active. These running cells significantly
increased the in-district seepage within the District. This was a proactive way to ensure
that there was always an amount of recharge happening in the District whenever there
was water available, but it also made it very difficult to be efficient during times of limited
water supply. Also, because of the uncontrolled fashion of the recharge in basins, water
deliveries became more costly to the District as there was always additional water that
needed to be purchased to satisfy this demand even though there were no customers
directly paying for the supply.
A few of the District’s basins have been included in the District’s SCADA system. This
information helps the District Watermaster and O&M Supervisor to work with District
ditchtenders to achieve as much groundwater recharge through the District’s basins
when surplus supplies are available, while also being able to make sure that deliveries
to growers are being provided for and the desired balance between the two is being
maintained. Also, the new Packwood Creek Structures being developed within the City
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of Visalia limits will also be included in the District’s SCADA, which will increase the
amount of information available to decision makers back at the District office.
As mentioned above, District staff believes that in the past there may have been some
operational spill or floodwater pass through that was accounted in the category of
unintentional seepage. Also when the current District Manager was hired he prioritized
the reduction of operational spills across the southwestern boundary. This can be seen
through District records as this category of their water balance is very small compared
to what it was in the past.
4.3.3 Capacities
Max. capacities were evaluated throughout the District’s system. The District provided
information on maximum flows through systems and for smaller systems, how many
turnouts could be supported at one time. This information was listed in a spreadsheet
and plotted on a version of the District’s conveyance system map (see Appendix B).
The geographic display of system capacities lead to a better understanding of how
system capacities combine. The analysis showed that the Main Canal, the North
Branch and the Cameron Creek systems appear to have sufficient capacity to serve
their subsystems. However systems in the northwest of the District that come off of
Packwood Creek were reported to have insufficient capacity to deliver to ag demand
while at the same time delivering to basin recharge flows. Generally the conclusion was
that the District’s in-district system had sufficient capacity in the conveyance system to
deliver to almost all ag demands in the scheduled rotation.

4.4 Availability of Floodwater
The District has access to Kaweah & St. Johns River supplies as well as Friant Division
CVP supplies. These supplies were evaluated over a period of 1981-1999 for the
availability of surplus water. For the Kaweah & St Johns Rivers Watermaster were
reviewed for times when there were flows past Elk Bayou on the Lower Kaweah and
past Kansas Avenue on Cross Creek. For the Friant Division CVP records were
reviewed to determine when Section 215 water was available. Monthly summaries of
this information were developed for each source and location to show how many days
per month surplus water was available. Then the summaries were combined to show
how many days per year over the period there was surplus water. This information was
used to develop the average of 70 days per year of surplus water between the Kaweah
& St. Johns River and the Friant Division CVP. This average annual availability of
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surplus water was used to help evaluate basin projects and estimate the long-term
benefits that they would be expected to generate.

4.5 San Joaquin River Restoration Settlement Impacts
Friant Division CVP supplies have been reduced due to the Settlement Agreement of
Natural Resources Defense Council v. Rodgers litigation on the San Joaquin River. It is
estimated that Friant Division water contractors will be impacted by a loss of about
200,000 AF per year. Estimates show that deliveries to TID would be reduced by an
average of 1,800 AF/year of Class One water and 12,600 AF/year of Class Two water
and 4,300 AF/year of surplus water on the system (a combination of Class Two and
Section 215 historic deliveries). However, the average CVP impact to TID is 14,400
AF/year, which equates to 20% of the annual CVP contractual supply. Interim releases
to the river began in 2009, with full restoration flows scheduled to begin in 2014.
Estimated impacts to Friant Division CVP contractors including TID are shown in Table
T4-1. It appears likely that the schedule for full implementation of the restoration flows
will be delayed by at least several years. For more detailed information on the
anticipated water supply impacts to Friant Division CVP contractors please see
Appendix C at the end of this report. The information contained in Appendix C is
summarized from modeling results prepared by Dan Steiner for FWUA.

4.6 Delta Water Reliability
Recent reductions in surface water deliveries to State Water Project contractors due to
Sacramento-San Joaquin Delta pumping restrictions has resulted in the loss of State
Water Project surface water supply to lands farmed west of the District but who share
access to the same groundwater resources. Over the last few years, new depths to
groundwater have been reached within the Kaweah River groundwater basin and that is
due in part to the reduced Sacramento-San Joaquin Delta surface water deliveries to
the Tulare Lakebed farming interests. These Lakebed farming interests have placed
greater reliance on pumped groundwater to offset the loss of SWP supplies.

4.7 Conclusion
Long-term increases in depth to groundwater, increases in groundwater pumping from
western neighbors associated with Delta Water Reliability, and coming impacts from
SJR Restoration suggest that the District should continue to prioritize the development
or acquisition of new surface water supplies in an effort to make conjunctive use within
the District as reliable as possible.
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Table T4-1: Estimated Water Supply Impacts from SJRR Settlement

Current Contract Amount
(TAF)
Class 1
Class 2
Total
Arvin Edison WSD
Delano-Earlimart ID
Exeter ID
Fresno ID
Garfield WD
International WD
Ivanhoe ID
Lewis Creek WD
Lindmore ID
Lindsay-Strathmore ID
Lower-Tule River ID
Orange Cove ID
Porterville ID
Saucelito ID
Shafter-Wasco ID
Southern San Joaquin ID
Stone Corral ID
Tea Pot Dome WD
Terra Bella ID
Tulare ID
City of Fresno
City of Lindsay
City of Orange Cove
Chowchilla WD
Madera ID
Madera County

Restoration Deductions
(TAF)
Class 1
Class 2
Total

FRIANT-KERN CANAL CONTRACTORS
40.0
313.0
353.0
108.8
74.5
183.3
11.5
0.0
11.5
75.0
0.0
75.0
3.5
0.0
3.5
1.2
0.0
1.2
7.7
0.0
7.7
1.45
0.0
1.45
33.0
22.0
55.0
30.0
0.0
30.0
61.2
238.0
299.2
39.2
0.0
39.2
16.0
30.0
46.0
21.2
32.8
54.0
50.0
39.6
89.6
97.0
50.0
147.0
10.0
0.0
10.0
7.5
0.0
7.5
29.0
0.0
29.0
30.0
141.0
171.0
60.0
0.0
60.0
2.5
0.0
2.5
1.4
0.0
1.4

-2.4
-6.6
-0.1
0.0
-0.2
-0.1
-0.5
-0.1
-2.0
-1.7
-3.7
-2.4
-1.0
-1.3
-3.0
-5.9
-0.6
-0.5
-1.8
-1.8
-3.6
-0.2
-0.1

-27.9
-6.7
-1.7
-6.7
0.0
0.0
-0.7
1.3
-2.0
0.0
-21.3
0.0
-2.7
-2.9
-3.5
-4.5
0.0
0.0
0.0
-12.6
0.0
0.0
0.0

-30.3
-13.3
-1.8
-6.7
-0.2
-0.1
-1.2
1.2
-4.0
-1.7
-25.0
-2.4
-3.7
-4.2
-6.5
-10.4
-0.6
-0.5
-1.8
-14.4
-3.6
-0.2
-0.1

MADERA CANAL CONTRACTORS
30.0
141.0
171.0
85.0
186.0
271.0
200.0
0.0
200.0

-3.3
-5.1
0.0

-14.3
-16.7
0.0

-17.6
-21.8
0.0

0.0

-1.3

-1.3

SAN JOAQUIN RIVER CONTRACTORS
Gravelly Ford WD

10.0

0.0
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5 INVESTIGATION INTO ENVIRONMENTAL RESOURCES
AND
POTENTIAL
FOR
DEVELOPMENT
WITHIN
DISTRICT’S COOPERATIVE GUIDELINES
5.1 CNDDB Map of District to identify local species
A CNDDB Map was developed to identify endangered species that have been sighted
around the District. Figure T5-1 is the developed map. A variety of species have been
seen in and around the District. If a proposed project is pursued, this map will be
reviewed again and needed environmental mitigation measures will be pursued. It
should be noted that the cluster of identified species south of the southwestern District
boundary are likely associated with the Creighton Ranch. That preserve is a significant
environmental resource to the region along the Tule River.
Species that have been sighted in the District include the San Joaquin Kit Fox,
Swainson Hawk, blunt-nosed leopard lizard, and vernal pool fairy shrimp. Listed plants
sighted include the California jewel-flower and the San Joaquin adobe sunburst. The
San Joaquin Kit Fox has been known to use canal banks as travel routes to get from
one region to another. The banks offers an open pathway and access to water.
Another species that the District is aware of, but is not listed on the map, is the
Burrowing Owl. These owls use the freeboard areas in canal banks as its home. Canal
project work could potentially impact the San Joaquin Kit Fox or Burrowing Owl. The
District is aware of this and in the event a species is spotted, will take the correct action
necessary.

5.2 Basins as migratory bird habitat
In the last few years the District made a management change regarding their basins
and began to grade their interior slopes at 6:1, a practice begun in the area by KDWCD.
The primary reason for this management change was so that District equipment could
drive and grade along the inner slope of basins. However, this recent structural change
to their basins has developed long gradual slopes along the perimeter. These long
gradual slopes would provide an area of diverse condition along a basin shore. In the
very shallow water certain weeds and bugs would develop, while in the deeper waters
there would be other plants and insects. Also, it would be likely that the temperature of
the water would decrease as it grew deeper and sunlight was less able to penetrate.
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Figure T5-1: CNDDB Map for the District
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The District believes that their basins could be somewhat of a migratory bird habitat in
years when water runs last in the fall. Migratory birds cross the San Joaquin Valley in
the fall and look for water to use as rest areas along their journey. The District does not
have enough water to dedicate supplies for this purpose, but when there is water in the
basins they would useful habitat. The District believes this condition would arise in
approximately one in seven or eight years.
One effort along these lines that the District is currently undertaking is the modification
of Basin #3 and the development of a benched area for shorebirds in connection with a
USBR Water, Energy and Efficiency Grant for a new TID pipeline. The District hopes to
use the development of this benched area as a test case to see what kind of issues may
arise from the effort and what kind of benefits are observed over time.

5.3 Additional use of Creek Channels for Recharge
Local environmental groups have recently investigated the possibility of working with
water entities to obtain surplus water for environmental efforts5. The District has access
to a few natural channel systems that could possibly be used in this manner. These
would be Packwood Creek, the remnant of Cameron Creek west of the Main Intake
Canal and the westernmost portion of Deep Creek.
The District is currently participating in a joint project with KDWCD and the City of
Visalia to develop more functional and reliable water control structures in Packwood
Creek that will increase the City’s ability to recharge water in the Packwood Creek
channel. These structures are hoped to help the City recharge return water from Tulare
ID that is a part of their recent exchange effort for treated wastewater from the City’s
Water Conservation Plant, currently in development. These flows would likely occur in
the late spring and early summer months as the City wants to maintain Packwood
Creek’s stormwater diversion capacity during months of normal precipitation. Also the
District has considered a similar kind of project on Packwood Creek to increase
recharge capacity since the channel (downstream of the MIC) would recharge
groundwater northeast of the District and most of the benefit would flow to the
southwest into their service area. The benefit of these kinds of in-channel recharge
projects is that they minimize property acquisition, which currently is very expensive
given the local value of ag land and orchards in particular.

5

Tulare Basin Wildlife Partners, Tulare Basin Conservation Plan - Water Supply Strategies Report, 2010.
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5.4 Possible Issues
There are possible issues with these kinds of projects or incorporated aspects. The
District attempts to limit the amount of vegetation that grows in channels or basins for a
variety of reasons (distribution of weeds to grower fields, water use by the vegetation,
collection of fine material near vegetation reduces recharge capability, etc.). So if
efforts like this were to be developed, a fairly specific management plan would also
have to be developed. It is envisioned that the areas to be developed would be seeded
with specific vegetation and the District would manage the area in a way that would not
significantly risk the spread of vegetation to other areas and would also limit the
vegetation to something that would not significantly limit the overall volume or function
of the facility. Further if endangered species are thought to be drawn to the site, then a
safe harbor agreement should be developed prior to the development of the project.
The District continues consider projects and how they could involve environmental
benefits without compromising benefits to District growers.
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6 DISTRICT STRATEGIC PLANNING EFFORT
6.1 Initial Set-up Document
In early 2011 an Initial Set-up Document was developed as the beginning step in the
District’s Strategic Planning Effort. This document was intended to be comprehensive
to District issues. The general topics covered in the document were District history,
service area and facilities, water rights and contracts, significant impacts to water
supply, agreements, District partnerships, District operations (finances/O&M/water
operations) and District policies. This document can be found in Appendix D.

6.2 Strategic Planning Sessions
6.2.1 First Session
After a summary document on District issues and relevant information had been
developed, the Board of Directors were engaged in the development of a Strategic Plan
for the District. The planning window was viewed to be five years and a special meeting
was schedule as the first session of the strategic planning effort on July 15, 2011. This
meeting was with the Board of Directors, District Staff and consultants to review the
Initial Set-up Document and to all parties involved to a common understanding of issues
within the District. The meeting agenda and presentation can be found in Appendix N.
Given the discussion in the first strategic planning session, staff and consultants worked
to develop preliminary lists of District goals, project categories for consideration, more
specific project lists and screening criteria for projects (both categories and concepts).
These topics were combined into a Strategic Plan Matrix that was used to rank efforts
by priority through a uniform set of criteria to see generally where the District’s focus
needed to be over the next 5 years. This effort to a few months to accomplish.
6.2.2 Second Session
The second strategic planning session occurred on November 16, 2011. The meeting
began with a brief summary and review of issues from first session. Also a brief
supplemental analysis on the cost to pump groundwater within the District and
simulated financial operations was presented as per the request of the Board and Staff
in the First Session.
The primary goal of the second session was to discuss the draft screening criteria
developed by Staff and consultants in order to develop consensus on criteria to be used
T6-1
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to evaluate the broad range of alternatives to address challenges to the District. Also it
was planned to review the draft alternatives list to see if the Board had suggestions of
additional alternatives to be considered. These topics were discussed and the Board
provided guidance on screening criteria and alternatives to be evaluated. The meeting
presentation can be found in Appendix N.
6.2.3 Third Session
The third strategic planning session occurred on August 13, 2012. The meeting began
with a brief summary and review of issues from first and second sessions. The
summary of the Strategic Plan Matrix was presented for consideration to the Board of
Directors and was discussed. The District’s Board of Directors agreed with the Staff’s
preliminary ranking of issues and alternatives and confirmed their view of the most
significant issues and concerns they have for the District over the planning window.
The meeting presentation can be found in Appendix N.

6.3 Selected Priorities
The detailed effort to evaluate alternatives through a standardized set of criteria was
completed in late May 2012. 47 alternatives were organized in six broad categories.
These alternatives were evaluated through 31 criteria evaluation questions that were
organized into seven groups. A summary of these rankings are in The third and fourth
highest ranking categories were “Financial Solvency” and “Water Delivery Operations
Improvement”. These categories appear to be the second tier of priorities for the
District most likely because both are areas that are currently fairly successful.
Generally there is more demand for water in the District than there is water available
and the District has been successful at securing grants to minimize project capital
obligations while using available revenue from power generation to reduce the cost of
surface water to near parity with local costs to pump groundwater. These two
categories will need to continue to remain in focus for the District, but over the next few
years it appears that conditions are good enough that these categories will not be the
District’s areas of primary effort.
Table T6-1. The complete matrix of the categories and scoring can be found in
Appendix E. The evaluation showed that the priorities of the District are primarily to
address “Water Supply Balance and Vulnerability“ and secondarily to address
“Distribution System Maintenance Improvements”. These findings would be consistent
with the backdrop of addressing water supply impacts from the San Joaquin River
Restoration Settlement and the continuing challenge of delivering as much water as
T6-2
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possible during limited windows of availability. These finding also appear to be
consistent with discussions and comments made by the Board of Directors during
previous meetings to develop the District’s Strategic Plan.
The third and fourth highest ranking categories were “Financial Solvency” and “Water
Delivery Operations Improvement”. These categories appear to be the second tier of
priorities for the District most likely because both are areas that are currently fairly
successful. Generally there is more demand for water in the District than there is water
available and the District has been successful at securing grants to minimize project
capital obligations while using available revenue from power generation to reduce the
cost of surface water to near parity with local costs to pump groundwater. These two
categories will need to continue to remain in focus for the District, but over the next few
years it appears that conditions are good enough that these categories will not be the
District’s areas of primary effort.
Table T6-1: Category Rankings

District Issues

Priority
Ranking

Percent of
Possible
Points

Water Supply Balance and Vulnerability

1

71.5

Distribution System Maintenance Improvement

2

52.5

Financial Solvency

3

43.9

Water Delivery Operations Improvement

4

43.6

Ag Customer Interface/Relations

5

30.8

Urban Customer Interface/Relations

6

29.1

The evaluation of individual alternatives required significant judgment in order to
emphasize issues that are significant to the District while reasonably acknowledging
issues that may arise from alternative development. This became apparent when a few
historic projects like the Terminus Dam Enlargement Project were evaluated through the
standardized criteria. This project was undertaken because it has significant water
supply benefits for the District, but it also had significant environmental issues, a very
long timeframe for implementation, and was a significant commitment of District
finances. So to compensate for this, certain categories of criteria were viewed as the
primary criteria for selection and alternative ranking while others were viewed as
secondary and were used to fine tune ranking in the case of ties.
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In terms of specific alternatives that ranked high in the analysis, the top ranking
alternative was the “Acquisitions of or Exchanges for Annually Available Surplus Water
Supplies” and the second ranking alternative water “Diversifying Water Portfolio”.
These alternatives were both focused on the development of the District’s water supply
and were not very controversial, were not likely to create environmental issues and
were somewhat financially neutral. Both of these alternatives fit well with the District’s
current efforts to acquire as much available surface water as possible through annual
exchanges and existing agreements, the new program to bank surplus supplies with
Kern-Tulare WD and the recent efforts with the City of Visalia to exchange for their
Wastewater Conservation Plant effluent. It is likely that with some additional effort other
programs and projects like these can be found to supplement and stabilize the District’s
surface water resources amid the changing landscape of regionally available water
supplies.
The third ranking position was shared by three projects. These were the “Crocker Cut
Improvements”, the “Main Intake Canal Improvements”, and “Other Intake Channel
Improvements”. These projects scored well because they had significant potential for
increases in wet year water deliveries, the District already controlled the facilities, and
there did not appear to be significant environmental obstacles to the projects.
In conclusion it appears from the analysis of potential alternatives through the
application of standardized criteria that for the next few years the Tulare Irrigation
District’s top priorities will be the diversification of existing and development of available
water supplies, and the development of projects to increase the amount of wet year
water that can be reliably and efficiently delivered to growers or recharged within the
District.
6.3.1 Water Supply Vulnerability
Eleven categorical alternatives were evaluated to address the District’s water supply
balance and vulnerability. The highest ranking alternatives were to make use of
available surplus water supplies, to diversify the District’s water portfolio, to acquire
additional CVP entitlement or ditch stock, to develop additional water distribution system
and to participate in regional water planning partnerships. The District has undertaken
all of these efforts in the past and has focused on some other these alternatives
recently.
The identification of making use of available surplus water supplies as the top water
supply vulnerability alternative prompted an analysis of the District’s conveyance
system (how much wet year water can be delivered), the District’s ag demand (how
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much wet year water can be used) and a comparison to determine if conveyance
capacity or ag demand was limiting. This analysis showed that the District’s two
primary conveyance facilities (Main Intake Canal and Packwood Creek) have sufficient
capacity to generally meet peak month ag demands. However the analysis showed that
surplus water was available on average for approximately 70 days per year and
occurred most often in times of limited ag demand. Therefore it was determined that if
the District desired to pursue the use of available surplus water supplies additional
groundwater recharge basins would need to be developed in order to increase the
District’s recharge capacity when surplus supplies are available.
As surplus water supplies were evaluated, a connected evaluation was made on the
District’s coverage by its water distribution system. This was done by working with
District staff to identify what the service areas are for each of the systems in the District
in order to identify areas that currently can’t easily be served. The analysis showed that
the vast majority of the District that is in agriculture can be served and can be served a
reasonable level of service. There are small pockets where systems could be extended
to serve additional areas or capacity projects that could reduce system limitations, but
generally it was viewed that the benefits from the development of these projects would
be small in comparison to other efforts and small in comparison their development
costs.
The District has recently made significant efforts to diversify its water portfolio and has
also been actively engaged in regional water planning partnerships. There are some
potentials to expand the District’s water portfolio diversity, but they are likely several
years away and are in part dependent on effort by others like the City of Tulare. The
District has seen significant benefit from their participation in the Kaweah River Basin
Integrated Regional Water Management group and has been selected for funding of a
DWR Proposition 84 IRWM Implementation Grant in 2011 and Planning Grant in 2012.
The District is always interested in acquiring additional CVP entitlement or available
ditch stock which would increase their access to schedulable water supplies. It does
not seem to be common for these resources to become available, but it does happen
every few years for a variety of reasons. What seems to be needed for the District to
capitalize on these opportunities is quickly understanding that there is a potential, an
understanding of the relative value of different categories of resources and having
flexible financial resources so that the District can quickly conclude to what extent they
could respond to the potential purchase. Over the past few years the District has been
approached by a few other interest that wanted to acquire additional resources and
chose not to make any agreements, but these dealings have developed a rounded
understanding of the value (financial, yield in water, potential storage) of the regions
T6-5
\\ACCTSERVER\Engineer\O. Grant Projects\01 Bureau SOR Study\Final Report\131105 SOR Study Report.docx

TULARE IRRIGATION DISTRICT

TASK SIX

2013 SYSTEM OPTIMIZATION REVIEW STUDY REPORT

available surface water resources. Also given the financial stability of the District of time
and their strong water sales over the years the District has worked with their financial
partners to understand the order of magnitude that could be secured through lending
and associated interest rates. This allows the District to understand the magnitude of
commitment that could be taken on without having to consider a Proposition 218
election for potential increased assessments. The District has found in the past that
finding out about available supplies when they first become available is difficult. This is
the case because when interested parties learn of the opportunity they generally try to
engage the seller and come to general agreement framework quickly in order to avoid
competition from others. In discussion with the District’s Board and staff it was agreed
that the participation in regional planning would likely help this effort, but that the District
needs to better understand the objectives and goals of these partners and to regularly
convey to its partners that they are interested in acquiring available resources.
6.3.2 Distribution System Maintenance & Improvement
Eleven categorical alternatives were evaluated to address the District’s potential
distribution system maintenance and improvement. The highest ranking alternatives
were to improve the existing Crocker Cut diversion channel, improve the existing Main
Intake Canal and address capacity restricting sections, and to improve other intake
channels like Packwood Creek.
As was stated in the previous section an analysis was performed evaluating the
District’s conveyance capacity and their peak month ag demand that showed that the
District’s current conveyance capacity was generally sufficient. This understanding then
shifted the focus of the effort to address this priority through in-district systems rather
than conveyance facilities to the District.

6.4 Developed or Evaluated Projects
6.4.1 Leverage Community Financial Capability
The District has been able to work with local community partners to develop new
facilities to capture wet year water. This has been the case with the City of Tulare
through the development of the Swall Basin complex and with the City of Visalia through
the development of the Packwood Creek Structures. Also, in the case of the City of
Visalia and their recent conversion to tertiary treatment at their WWTP an opportunity
developed to participate in an exchange of resources over time that would benefit both
the District, the City and the Region.
There are currently no other planned
projects/partnerships with these communities, but the District believes that over time
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more will be developed. Given the benefits of what was developed through partnering
projects in the past the potential for new efforts is viewed as a potentially significant
effort.
6.4.2 New Basins
This set of projects appeared to be the primary group that had the potential to
significantly offset reduced surface water supplies to the District over time. As a point of
reference, it was estimated that in order to offset the potential surface water reductions
from SJR Restoration Settlement the District would need to add approximately 865
acres or more of recharge basins to offset the anticipated 14,400 AF/year impact.
The primary issues that determined preferable projects were land costs (based on
current crops) and the presence of existing features that would need to be removed.
Other than these issues, most of the projects are very similar at the conceptual level.
All benefits were estimated based on average floodwater availability for the Kaweah/St.
Johns/Friant CVP of 70 days per year, and that was analyzed between 1981-1999
(consistent with available KDWCD WRI records). Also, all basins were assumed to
have roughly equivalent long-term recharge rates.
Almost all of the project types considered seemed to be good candidates for the Bureau
of Reclamation's Water, Energy and Efficiency Grants (WEEG) that come out yearly in
the late fall.
6.4.3 Available Water Supplies
This effort is to focus the District on searching for and obtaining additional water for its
growers. Diversifying the District’s water sources can lead to a more reliable water
supply each year. With San Joaquin River Restoration limiting Friant CVP supplies and
groundwater depths increasing, it would be in the best interest of the District and its
growers to pursue other available water supply options. Options for additional water
supplies may include more river rights and/or purchase of contract supplies.
The District has recently pursued an exchange of resources with the City of Visalia that
is connected to improvements to the City’s WWTP. A new facility is being developed to
deliver tertiary treated water to the District’s service area and the District has agreed to
deliver the City a portion of the water back on the east side of town where groundwater
recharge would benefit the groundwater wells that supply the City. Also this effort is
connected to the City’s project to develop additional control structures in Packwood
Creek in order to increase groundwater recharge capacity through this existing facility.
Other similar projects with the City of Tulare for treated wastewater and new control
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structures in Cameron Creek to increase groundwater recharge capacity have been
considered by the District and may be pursued in the near future if opportunities present
themselves.
Another project that is connected to this category is the McKays Point reservoir. The
District is working with a mining company to develop a very large reservoir facility that
would divert water from the Kaweah River below McKay’s Point bifurcation. The
conceptual project facility would be developed over many years by the mining company
who would both compensate the District for the mined material and would develop the
facility as per the District design. The hope is that through this project the District can
develop significantly larger off-stream storage and thereby increase their ability to
capture wet year water and reregulate it for later use in the growing season.
6.4.3.1 Recirculation Programs
The District has been involved with Recirculation Programs that attempt to bring water
released to the SJR back to the District service area. Due to SJR Restoration releases
to the SJR, some of the District’s resources end up either flowing to the Delta or being
moved back across to the California Aqueduct. If these resources are conveyed to the
Aqueduct there is potential for the the District to either be financially compensated for
the sale of the resources or for the District to facilitate an exchange to get some of the
lost resource back. In dry years the value of the resources is so large that it makes
sense to sell the resources so that as much wet year water can be obtained. However
in wet years it appears there is potential for the District to work with Tulare Lake Basin
WSD and others to exchange water in the Aqueduct for river system water that the
District can divert and make beneficial use of. These programs will continue to be
pursued and developed with Regional Partners.
6.4.4 Distribution System Maintenance Improvements
6.4.4.1 Area Pipelines
This set of projects appeared to be the primary group that had the potential to increase
the District’s water conveyance system. Currently the District has had issues with
limited capacity in these old pipelines. Replacing the pipelines should alleviate many of
the District’s issues with delivering to these areas and give a better level of service to
the growers.
The primary issues that determined preferable projects were needed capacity (based on
serving 50% of the turnouts at one time) and the length of the pipeline. Other than
these issues, most of the projects are very similar at this conceptual level.
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All benefits were estimated based on average floodwater availability for the Kaweah/St.
Johns/Friant CVP of 70 days per year, and that was analyzed between 1981-1999
(consistent with available KDWCD WRI records).
These projects would seem to be good candidates for the Bureau's Water, Energy and
Efficiency Grants that come out yearly in the late fall.

6.5 Plan to Implement Priorities
6.5.1 Identification and Development of Projects
Identifying District priorities and needs will place different levels of importance and thus
rank the various District projects. The process to identify District priorities and projects
was completed through the Strategic Planning Effort in Task 6. This effort prioritized
District priorities and then led to selecting project alternatives that matched with the
priorities. From this point top ranked projects have and will continue to be developed to
the conceptual level. Many projects will be developed so that the District understands
the range of costs necessary for implementation and also to rank the projects based on
the Benefit-Cost ratio for each project. Having several project concepts ready also
helps the District in regards to grant funding. When a new grant funding opportunity is
released, the District will have multiple project options to choose from.
6.5.2 Proposition 218 Election
One potential for generating District funds to perform projects would be to increase
water rates and assessments. To accomplish this, a Proposition 218 Election would
need to be done, since the District is a public entity. This option would not be a popular
option amongst its growers. However, after studying groundwater pumping rates and
the projected change in water supply availability this may be a step the District has to
take. The District’s goal will be to keep water rates comparable with groundwater
pumping so that it is appealing for growers to take. With the increasing groundwater
depths, groundwater pumping charges are increasing. Understanding the pumping
charge with growing groundwater depths could help the District set a new rate.
6.5.3 Federal Grants
An option for project funding would be to apply for funding through Federal Grants.
Grant opportunities available through the Bureau of Reclamation include WEEG grants
and San Joaquin River Restoration Program Part III of Title X funding. Federal funding
is an option to fund the medium to small sized projects. The WEEG grants, as
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mentioned previously, are available late fall each year and max out at $1.5 Million. The
Part III grants are generally in the range of $5 Million and are available until the
remaining $40 Million are allocated.
6.5.4 State Grants
Funding through the State of California could be another option for funding projects.
IRWM grants through Proposition 84 offer the ability for entities to ask for up to $30
Million dollars. Projects along the District’s Main Intake Canal could be treated as large
projects that benefit the region and could be eligible for larger amounts of funding.
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7 UPDATE GWMP TO SB 1938 STANDARDS
7.1 Brief Review of Plan Development
7.1.1 KDWCD GWMP
Tulare ID’s Groundwater Management Plan (GMP) is not the only plan that covers the
region. Kaweah Delta Water Conservation District (KDWCD) has a plan that originally
went into effect in 1995, three years after the TID plan was in place. TID is a
cooperating agency in the KDWCD GMP, which was updated in November 2006.
KDWCD’s original plan was prepared in 1995 in accordance with the requirements
prescribed in Assembly Bill No. 3030. The 2006 Plan was revised to satisfy the new
requirements for GMPs created by the September 2002 Senate Bill No. 1938.
KDWCD’s Plan officially recognizes stakeholders through the execution of a MOU. The
purpose of the MOU is to document the interests and responsibilities of participants.
The MOU also promotes the sharing of information, the development of a course of
action, and the resolving of differences that may arise regarding the Plan. Since the
Plan's inception in 1995, thirteen stakeholders have signed the MOU. The two
groundwater management plans share common goals and themes. TID’s GMP focuses
on groundwater issues unique to TID and its surrounding area, while the KDWCD GMP
focuses on regional groundwater issues. TID considers both GMPs important
resources in their groundwater management program. While the KDWCD and several
other agencies within the Kaweah sub-basin currently maintain individual GMP’s, TID
will continue to maintain and implement its own Plan given its historic and leading role in
the basin of importing large quantities of surface water from the Friant Unit, a practice
that has and will serve as one of the most significant measures in combating local and
regional overdraft.
7.1.2 TID GWMP Area
As stated in the previous section TID and KDWCD have GMPs that overlap. The
reason for this is due to the fact that TID’s GMP went into place three years prior
to the KDWCD Plan. Since there were no other plans in place and areas adjacent
to their boundary impact their groundwater resource, TID felt it would be prudent
to include a buffer zone. This Buffer Zone is defined by several hydrologic
features as can be seen in the following Figure T7-1. In 1996, TID and KDWCD
executed an additional MOU referred to as the "Overlap" MOU for the purpose of
coordinating the implementation of their respective Plans.
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Figure T7-1: Groundwater Management Plan Boundaries
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Figure T7-2: District Groundwater Monitoring Wells
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In the MOU, KDWCD and TID agreed to allow both agencies to manage groundwater in
the overlap areas and adjacent zones, unless there is a disagreement, in which case
TID will have sole authority to manage groundwater in TID and the City of Tulare, but
not in the buffer zone lands of KCWCD. If necessary in the future, TID may seek
permission from other agencies in the buffer zone to manage their groundwater
according to this GMP.
7.1.3 Concerns about GW Pumping to the West
Groundwater overdraft has been a concern since the early 1900’s, and was one of the
reasons the District sought a CVP contract for surface water.
The District’s
groundwater levels are sensitive to drought conditions and significant declines have
been observed during prolonged droughts. Moreover, the District is concerned that
reductions in surface water supply as a result of the San Joaquin River Restoration may
lead to greater groundwater overdraft. There is concern that groundwater pumping on
the west side of the District will only exacerbate the issue further. Groundwater levels
are already at their deepest in the District on the west side. Pumping both above and
below the Corcoran Clay can cause series issues. Dropping the levels in the
unconfined aquifer even further can cause a larger gradient in the groundwater that will
cause it to flow to the west even faster, thus impacting the east side of the District that
normally has higher groundwater levels. Deep pumping below the Corcoran Clay in the
confined aquifer can lead to subsidence issues.
7.1.4 Corcoran Clay and Basin Locations
The District is underlain by the so-called Corcoran Clay or E-Clay, which separates a
generally unconfined aquifer system above and a confined aquifer system below.
Irrigation wells in the District's area are generally perforated in both systems. The EClay is one of the largest confining bodies in the area and underlies about 1,000 square
miles of the San Joaquin Valley. The beds were deposited in a lake that occupied the
San Joaquin Valley trough and which varied from 10 to 40 miles in width and was more
than 200 miles in length (Davis et al., 1957). The E-Clay extends from Tulare Lake Bed
to just east of U.S. Highway 99 and is vertically bifurcated near Goshen. It is about 140
feet thick near Corcoran and the average thickness is about 75 feet. The Corcoran Clay
is generally used to differentiate between a lower confined aquifer and an upper
unconfined aquifer west of its eastern extent. Figure T7-3 shows the extent of the
Corcoran Clay and current depths to groundwater.
It is important to note that all the District’s basin locations, except those in the northeast
corner of the District are located above the Corcoran Clay. This means the basins only
recharge the unconfined aquifer above the Corcoran Clay which is at a depth between
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250 to 300 feet at its eastern extent and then dips to more than 400 feet beneath the
southwest part of the District. Currently groundwater levels in the District range from
100 to 170 feet below ground surface, meaning all of the District’s basins are recharging
this unconfined aquifer. As long as groundwater levels do not drop below this level the
District’s basins will be beneficial to its growers’ groundwater wells.

7.2 Plan Priorities
The Tulare Irrigation District GMP update was completed in September 2010. The
original plan was completed in October 1992 and was completed in accordance with
requirements from Assembly Bill No. 255 (California Water Code Section 10750 et
seq.). The revised plan meets the requirements set by the September 2002 California
State Senate Bill No. 1938, which amended California Water Code Sections 10753 and
10795. A copy of the Plan is included in Appendix F. Several objectives were set for
TID with the implementation of the GMP. Objectives from this plan include:
1. Address potential changes in local hydrology brought about by surface water
losses (i.e. San Joaquin River Restoration), urban development and drought.
2. Preclude surface water or groundwater exports that would reduce the long-term
reliability of groundwater.
3. Coordinate groundwater management efforts between regional water users.
4. Maintain local management of the groundwater resources.
5. Implement a groundwater-monitoring program to provide an “early warning”
system to future problems.
6. Stabilize groundwater levels in order to minimize pumping costs and energy
use, and provide groundwater reserves for use in droughts.
7. Develop groundwater storage facilities to reduce stress on local groundwater
reserves during droughts.
8. Maximize the use of all surface water sources, including available flood
water, for beneficial use and groundwater recharge, and thus reduce stress
on groundwater resources.
9. Increase knowledge of the local geology and hydrogeology to better
understand threats to groundwater quality and quantity.
10. Minimize future land subsidence caused by groundwater pumping through inlieu groundwater recharge, and wise and conservative use of pumped
groundwater.
Prevent groundwater degradation by protecting groundwater quality, importing
clean surface water, and preventing intrusion of poor quality groundwater from
neighboring
areas.
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Figure T7-3: District Depth to Groundwater Contours and Corcoran Clay Contours
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The GMP established a list of projects that were a priority for the District in order to
better manage groundwater supplies and reduce overdraft. Most projects are geared
towards increased direct recharge to replenish the groundwater supply, but several
projects are geared towards gaining a better understanding of the groundwater. This
better understanding comes from studies of existing basins and monitoring wells, which
will allow the District to better manage its resource. The projects currently in TID’s GMP
are:
1.
2.
3.
4.
5.

CEMEX Basin Project
Basin Project north of new office
Mooney’s Grove Basin Project
Rancho de Kaweah Groundwater Banking Evaluation/Feasibility study
Kaweah Groundwater Basin Integrated Regional Water Management Plan
Development
6. Develop Water Reuse Project and Exchange Program with City of Visalia
7. Determine infiltration rates in all recharge basins
8. Construction of Plum Basin
9. Construct groundwater recharge and banking projects
10. Install dataloggers in selected monitoring wells
11. Construct nested monitoring wells
12. Measure electrical conductivity in all monitoring wells
In addition to the projects listed in the District’s GMP, during the summer of 2012 as part
of the SOR study, the District went through a Strategic Planning Effort (SPE) to
determine District priorities and evaluate project alternatives. Many of the top ranking
project alternatives match well with the GMP objectives and projects. The top ranking
project alternatives from the SPE that coincide with the GMP are:
1.
2.
3.
4.
5.

Acquisition of or Exchanges for Annually Available Surplus Water Supplies
Diversifying Water Portfolio
Acquiring New Entitlement or Ditch Stock
Annexation of lands contributing to groundwater overdraft
Obtain more direct recharge capability

Through the SOR study, the District has added additional projects that coincide with the
objectives of the GMP. These projects will be added to the implementation schedule of
the GMP, so the District may use the schedule as a tool in its long-term planning. The
top projects are primarily basin projects to recharge the local groundwater, but other
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distribution projects are being proposed to be added as they help meet GMP Objective
#8 by increasing delivery capacity thus reducing the need to pump groundwater.
1.
2.
3.
4.

Basin southwest City of Tulare
Basin near the Main Canal and Packwood Creek
Basin complex near the Main Intake Canal bifurcation
Area Pipeline rehabilitation

7.3 Groundwater Monitoring
7.3.1 District Monitoring
The District began routinely measuring groundwater levels in 1955. The District now
measures groundwater levels in about 100 wells each spring and fall. Error!
Reference source not found. illustrates the location of private wells that are monitored
by TID. TID plans to collect more detailed well attribute information (such as well depth,
screened interval, type of well, precise coordinates, etc.) in the future, if landowners are
willing to share the data with the District.
TID maintains the groundwater level data in a spreadsheet database. Electronic data is
available as far back as the 1940’s in some wells. Occasionally, TID has used the data
to generate groundwater contour maps. TID plans to prepare annual groundwater
reports documenting groundwater levels, groundwater contour maps, well hydrographs,
and change in groundwater storage.
TID currently participates in the Semi-annual Groundwater Measurement Program
administered by the USBR.
This program requires TID to take water level
measurements from specified wells two times a year and share the data with USBR. In
compliance with SB7X, the District intends to comply with state requirements to furnish
groundwater level data to DWR under the provisions prescribed therein.
7.3.2 KDWCD Monitoring
KDWCD performs groundwater level monitoring on a regional scale. KDWCD has an
extensive monitoring network that was initially established in the 1950's. This network
has been maintained and improved in a continuing effort to provide reliable information
for annual and long-term assessment of groundwater conditions. KDWCD prepares
semi-annual maps of groundwater depth, groundwater elevations, and annual change in
groundwater depth. This data is useful to TID for assessing groundwater inflow and
outflow, and assessing the health of regional groundwater supplies. The groundwater
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contour maps use a lower density well network than TID uses, and therefore TID still
sees value in generating their own groundwater contour maps.
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8 RECONNAISSANCE INVESTIGATION INTO
GROUNDWATER BANKING PROJECTS

POSSIBLE

8.1 Groundwater Banking Project Issues
Task 8 of the System Optimization Review (SOR) Study was originally focused on
finding the best locations in the District for a groundwater banking project. In theory
adding a groundwater bank would have several benefits including groundwater
recharge and an on-demand water supply. In practice, however, developing and
operating an in-district groundwater bank is a very challenging endeavor.
There were a few sites that were originally envisioned for the possible location for the
banking facilities. The primary two were the Creamline/Swall basin complex and
Packwood Creek. However to develop projects with significant return capacity that
would be available during short water runs it became apparent that the cost to develop
wells was going to be very high 6. Also the number of needed wells would likely have
significant impacts on the groundwater levels of landowners adjacent to project facilities
during peak irrigation times.
Given the issues involved in developing a groundwater banking project, the District and
consultant felt the best use of District funds would instead be to develop additional
groundwater recharge basins. The District would recharge water to supplement
groundwater supplies and landowners can recover groundwater using their own wells
when they have demand. Pursuing recharge basins is a cheaper alternative, has less
operations and maintenance costs, and has no adverse effects to landowner wells.

8.2 New Basins
In place of groundwater banking projects, new recharge basin projects were pursued to
increase the District’s direct recharge capacity. Many of these projects are larger scale
projects and cost between $5 and $10 Million. Given these project costs it is
recommended that the District attempt to pursue San Joaquin River Restoration
Settlement, Title X Part III grant funds as a potential funding source. This grant
opportunity allows a maximum of $5 Million in grant funds per project associated with a
50% cost share. Another potential funding source could be the Bureau of Reclamation
WEEG grants, but their maximum funding is $1.5 Million in grant funds per project.

6

Approximate cost for development of a new recovery well was estimated to be $400,000 per well.
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Getting accepted for Title X, Part III funding would allow the District to potentially have a
50% cost share for the entire project, but would also carry a requirement that
Recovered Water Account credits be extinguished through the use of the facility.
Table T8-1 below shows the ranking for the basin projects considered. For the SOR
study the Cordeniz Basin was evaluated as a 20 acre basin expansion. The District
was successful in getting funds through the first round of the San Joaquin River
Restoration Settlement, Title X Part III grant funding opportunity. With these funds the
District will pursue a 60 acre expansion project which would create more benefit to the
District.
Table T8-1: Potential Basin Project Ranking

Rank

Project

1

Basin Southwest City of Tulare

2

Basin near Main Canal & Packwood Creek

3

Main Intake Canal Bifurcation Basin Complex

4

Cordeniz Basin

Each of the evaluated basin projects has the potential to develop some new habitat that
can be support native species in the area and migratory birds. This is not directly
beneficial to the District’s primary goals, but it can support grant funding applications if
points are given for environmental benefits. Also, each project has the potential for the
District to sell excess dirt generated from basin construction to interested parties. The
District has previously entered into such agreements with contractors and the City of
Tulare. However selling dirt can take many years to complete, and therefore the cost
estimates included in Appendix H describe the total costs for developing a basin,
without the benefit from dirt sales.
8.2.1 Basin Southwest of Tulare
8.2.1.1 Project Summary
This Project will develop a 200 acre recharge basin to the southwest of the City of
Tulare. The potential location for the basin is near the tail end of the Hooper Ditch
approximately half a mile north of the Main Canal. Appendix G contains a map of the
project location. This location was chosen for its proximity to two District conveyance
facilities (Hooper and Lemos Ditches) that pass near the City of Tulare and it currently
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appears to be planted in row crops. Portions of two parcels owned by a common owner
make up this basin location.
The Project will also include diversion and check structure facilities, which will include
piping and gates. The location and size of these facilities is yet to be determined, but
they will be sized and placed based on fill/evacuation rates and distance from delivery
channels.
8.2.1.2 Background
The District has had difficulties in the past with having to take storm runoff from the City
of Tulare while also making deliveries to growers. During these times the District has to
limit deliveries to make room in their conveyance facilities for the extra storm water. A
new basin downstream of the city gives the District additional storage to accommodate
storm surges when circumstances such as these arise.
Most of the District’s basins are located in the northern half of the District. The Watte,
Doris and Abercrombie basins are the three basins located in the southern half of the
District and these basins are all relatively small. Placing a significant basin in this
region would help the District provide greater uniformity to recharge benefits through the
District’s service area.
TID’s water supply primarily comes from its Friant CVP contract and the St. John’s and
Kaweah Rivers. Water availability for the District is important when analyzing a
recharge basin. Understanding how often the basin will likely be used allows for
estimates of groundwater recharge and Benefit-to-Cost ratio. Historical records from
1980 to 1999 for the St. John’s River, Kaweah River, and Friant Division CVP were
reviewed for additional flood water. It was determined that on average there are 70
days of flood water available to the District.
8.2.1.3 Project Benefits
This Project offers the District benefits which include: increased groundwater recharge
capacity, increased conserved wet year water, increased water better managed,
increased distribution system capacity, increased flood protection (mainly in the City of
Tulare), increased environmental habitat (migratory or water birds), and potentially
District revenue through dirt sales.


Increased groundwater recharge: Project recharge benefits were developed using a
recharge rate of 0.25 feet per day for the 70 days. Due to the level of project
development, approximately 5% of the basin acreage was assumed to be for access
T8-3
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roads and other incidental uses. Over the anticipated 50 year Project life, the 200
acre basin is estimated to recharge approximately 166,250 Acre-Feet.
Increased water conserved/better managed: Both irrigation water and storm runoff
water can be better managed with this potential basin southwest the City of Tulare.
Given past issues with shorting deliveries to make room for storm water runoff from
the City of Tulare, placing a basin in this location could alleviate these issues.
Increased flood protection: The potential basin adds benefit when not in use for
groundwater recharge. During storm events the District would divert flow into the
new basin to increase the flood protection for residents of the City of Tulare and
could potentially leave this water in storage until some of it could be delivered to
agricultural demands after storms have passed.

8.2.1.4 Conclusions
The recharge basin project southwest of the City of Tulare has significant potential. The
District and its growers would benefit from this project from increased recharge capacity
and system reliability and safety when dealing with deliveries and storms. Table T8-2
below shows a breakdown of the benefits for this Project.
Table T8-2: Basin Southwest of Tulare Project Benefits

Basin

Size
(Ac)

Project Life
Recharge (AF)

Project
Cost ($)

Benefit-Cost
($/AF)

SW City
of Tulare

200

166,250

$7,878,300

$47.39

Since the basin is so large, the District could develop the basin in multiple phases to cut
initial capital costs. A first phase could be building a quarter or half the basin and
stockpiling dirt on site instead of hauling it away. This process would allow the District
to split the construction costs and potentially generate review from dirt sales prior to
completing the entire project. However, it may be difficult to avoid land purchase costs
at the beginning of the project, although some of this might be offset by lease back
arrangements.
8.2.2 Packwood & Main Canal Basin
8.2.2.1 Project Summary
This Project will develop a 155 acre recharge basin near the intersection of the Main
Canal and Packwood Creek in the southwest portion of the District. Appendix G
T8-4
\\ACCTSERVER\Engineer\O. Grant Projects\01 Bureau SOR Study\Final Report\131105 SOR Study Report.docx

TULARE IRRIGATION DISTRICT

TASK EIGHT

2013 SYSTEM OPTIMIZATION REVIEW STUDY REPORT

contains a map of the project location. The potential location for the basin is two
adjacent properties near the Road 52 and Avenue 200 intersection. This location was
chosen for its proximity to both District facilities and because the fields currently
appears to be planted in row crops. The parcels that make up this location are Tulare
County APN 226-010-042 (72.76 acres) and 226-010-043 (80.27 acres).
The Project will include the development of diversion and check structure facilities in
both the Main Canal and Packwood Creek. The location and size of these facilities is
yet to be determined, but they will be sized and located based on fill/evacuation rates at
desired locations in each of the channels.
8.2.2.2 Background
As explained with the Basin SW of Tulare project, developing a basin in the southern
part of the District helps develop more uniform recharge capacity across the District.
Other than the small Doris and Watte Basins, this proposed facility would be the furthest
south on either the Main Canal or Packwood Creek systems and could create a benefit
to lands in the southwest portion of the District. A basin in this location also helps the
District manage water through two if its largest conveyance facilities.
8.2.2.3 Project Benefits
This Project offers the District benefits which include increased groundwater recharge
capacity, increased conserved wet year water, increased water better managed,
increased environmental habitat (migratory or water birds), and potentially increased
District revenue through dirt sales.




Increased groundwater recharge: As previously stated, it has been estimated that
the District has access to an average of 70 days of available flood water each year.
Project recharge benefits were developed using a recharge rate of 0.25 feet per day
for the 70 days. Over the 50 year Project Life, the 155 acre basin is expected to
recharge 131,250 Acre-Feet.
Increased water conserved/better managed: Water can be better managed with this
potential basin near both the Main Canal and Packwood Creek. These two facilities
are two of the largest conveyance facilities in the District and placing a large basin
near the end gives the District more flexibility with delivering to growers and avoiding
spills.
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8.2.2.4 Conclusions
The recharge basin project near the Main Canal and Packwood Creek has significant
potential. The District and its growers would benefit from this project from increased
recharge capacity and system reliability when dealing with deliveries. Table T8-3 below
shows a breakdown of the benefits for this Project.
Table T8-3: Main Canal & Packwood Creek Basin Project Benefits

Basin

Size
(Ac)

Project Life
Recharge (AF)

Project
Cost ($)

Benefit-Cost
($/AF)

Main Canal &
Packwood Creek

200

131,250

$6,303,400

$48.03

Similar to the Basin SW of Tulare project, the District could develop this basin in
multiple phases to cut initial capital costs. A first phase could be building a quarter or
half the basin and stockpiling dirt on site instead of hauling it away. This process would
allow the District to split the construction costs and potentially generate review from dirt
sales prior to completing the entire project. However, it may be difficult to avoid land
purchase costs at the beginning of the project, although some of this might be offset by
lease back arrangements.
8.2.3 MIC Basin Complex
8.2.3.1 Project Summary
This Project will develop a recharge basin complex near the bifurcation of the Main
Intake Canal (MIC) in the northeast corner of the District. Four potential Project
locations were taken to the conceptual level for comparison. The locations were chosen
based on their proximity to the MIC, current land use, and acreage. The preferred
location for a basin in this area was to be within one mile of the MIC on parcels that
currently did not have tree or vine crops planted. Appendix G contains maps showing
the evaluated basin locations. Basin 1 is a combination of two parcels owned by a
common owner to form a wedge shape directly south of the MIC to the east of the
District boundary. Basin 2 is another two parcel combination located within the District,
southwest of the MIC bifurcation. The parcels for Basin 2 are owned by a common
owner. Basin 3 also combines two parcels, owned by a common owner, and is located
directly west of the Basin 2 location. Basin 4 is located just north of the District’s
boundary on a single parcel. Associated water management structures and facilities for
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each basin were conceptually laid out and evaluated in terms of approximate
development cost..
8.2.3.2 Project Benefits
Adding a basin complex near the MIC gives the District potential benefits such as
increased groundwater recharge capacity at the head of their system, increased
environmental habitat (migratory or water birds), and potentially increased revenue
through dirt sales.


Increased groundwater recharge: Project recharge benefits were developed by
using a recharge rate of 0.25 feet per day for the 70 days of available water.
Table8-4 below shows the potential recharge for each basin over the 50 year life
expectancy.
Table T8-4: MIC Bifurcation Complex Project Benefits

Basin

Size
(Ac)

Project Life
Recharge (AF)

Project
Cost ($)

Benefit-Cost
($/AF)

4

55

45,050

$2,367,100

$52.54

2&3

175

148,300

$8,415,600

$56.75

2

100

75,800

$4,759,600

$62.79

1

48

35,550

$2,264,100

$63.69

Complex

278

228,900

$13,046,800

$57.00

8.2.3.3 Conclusions
Each basin was analyzed as a single project and then a combination of Basin #2 and #3
was analyzed. The project that would be the most cost effective for the District to
pursue first was Basin #4. Table T8-4 shows the Benefit-to-Cost in dollars per AcreFoot ($/AF). Basin #4 is neither the largest potential site nor the site with the most
recharge capacity but with the combination of cheaper land costs, earthwork and
capacity, this location rose to the top.
As with other projects, the District could develop this project in multiple phases to cut
project costs. A first phase could be the District digging half of the basin and stockpiling
the dirt on site instead of hauling it to another location. This would allow the District to
split up the construction costs and potentially generate review from dirt sales.
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8.2.4 Cordeniz Basin
8.2.4.1 Project Summary
The goals of this project are to generate more recharge capacity by expanding an
existing basin and to enlarge conveyance capacity supporting the expanded facility.
This Project can be broken into two distinct phases. The primary phase is the purchase
of property directly south of the existing Enterprise Basin and expanding the basin. The
second phase would be to construct approximately 0.75 miles of new channel section
for the Serpa Ditch to increase its capacity and resolve existing access issues.
Currently the Enterprise Basin is a 20 acre basin that is conveyed surface water by the
Serpa Ditch that flows around the southern edge of basin. The conceptual Project
developed an additional 20 acres adjacent to the basin, making it a 40 acre facility,
along with an option for an additional 40 acre basin to the south of the Serpa Ditch.
Appendix G is a map of the project site showing the existing basin and channel and the
proposed expansion and modifications. The existing Serpa Ditch winds through an
adjacent property and has a capacity of 30-35 cubic feet per second (CFS). The
second phase of the conceptual Project would move the ditch to the property edge,
resolve existing access issues and improve capacity through the facility. The new
capacity for the modified Serpa Ditch was 50 CFS allowing for a much quicker fill rate.
There are issues with existing homes on the site and it has yet to be resolved how this
would ultimately be dealt with. However for the purpose of this evaluation it was
assumed that the home would be purchased with the property and demolished.
8.2.4.2 Background
Recently, the owner of the 60 acre parcel (148-040-012) south of the Enterprise Basin
approached the District to see if there was interest in acquiring it. This was a great
opportunity for the District to expand one of its existing basins. However, there was
another adjacent landowner who was also interested in purchasing the land. In general,
it is District practice not to compete with other landowners to acquire land. However, in
this case the other interested landowner has also contacted the District and is interested
in purchasing the excess earthen material generated from the Project development. It
appears that the estimated cost to dig out a basin is approximately equivalent to what
the earthen material can be sold for. This would allow the District to “break even” on the
basin development portion of the Project.
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The existing Enterprise basin was a joint effort between Kaweah Delta WCD and Tulare
ID. After discussion with KDWCD about the potential for expansion, it appears they are
interested in financially partnering in the expansion as well.
Additional recharge capacity in the Enterprise Basin and expanding the Serpa Ditch
coincide with the District’s priorities developed through the Strategic Planning Effort.
This Project aligns with and the priority of “obtaining more direct recharge capability.”
Also, with additional basin capacity there is potential for acquiring more surplus water
supply.
8.2.4.3 Project Benefits
Expanding the Enterprise Basin has several benefits for the District, which include
increased groundwater recharge capacity, increased conserved wet year water,
increased water better managed, increased distribution system capacity, and the
potential for increased environmental habitat (migratory or water birds).




Increased groundwater recharge. As has been described previously, it was
determined that on average there are 70 days of additional flood water available to
the District. Using this information and a recharge rate of 0.25 feet per day, the
Project’s benefits were developed. Over the expected 50 year Project life, recharge
is estimated to be an additional 16,625 AF if the District chooses to expand the
Enterprise Basin to 40 acres and 33,250 AF if the Basin is expanded to 60 acres.
Increased water conserved/better managed/distribution capacity/level of service.
The Project modifications to the basin and ditch increases the District’s distribution
capacity and their ability to conserve and better manage wet year water. As
mentioned in the previous bullet, the District obtains more groundwater recharge
capacity by expanding the Enterprise Basin. The added recharge enables the
District to conserve more water, when there is excess, to help offset groundwater
pumping in the area. The new, larger ditch alignment allows the District to better
manage water deliveries in this area. The increased capacity will allow the facility to
be filled more quickly in order to take advantage of as much wet year water as
possible.

8.2.4.4 Conclusions
An evaluation was done on the level of service provided by the capacity of the existing
Serpa Ditch versus its downstream service area and it appears to be consistent with
other District facilities. However it is understood that an access issue as well as
dealings with an adjacent landowner are prompting the District to include modifications
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to the Serpa Ditch as part of this project. These modifications are costly and increase
the cost per AF benefit for this project over others, but it might be possible to secure
grant funds to help offset some of that expense. Even considering the offsite
improvements to the Serpa Ditch, the expansion project for the Enterprise Basin has
significant potential. The District and its growers would benefit from this project from
increased recharge capacity and system reliability when dealing with deliveries. Table
T8-5 shows the benefit breakdown.
Table T8-5: Enterprise/Cordeniz Basin Project Benefits

Basin

Size
(AC)

Project Life
Recharge (AF)

Project
Cost ($)

Benefit-Cost
($/AF)

Enterprise/Cordeniz

20

16,625

$1,129,600

$67.95

Enterprise/Cordeniz

40

33,250

$2,259,200

$67.95

8.2.5 Project Comparison
The primary metric evaluated for these potential projects was development cost versus
recharge capacity. In terms of this metric the preceding potential projects rank as
follows:
Table T8-6: Project Life Recharge for MIC Basins

Rank

Description

Development Cost
per Recharge
Capacity

Current Crop

1

Basin SW of Tulare

$47.39/AF

Row

2

Main Canal & Packwood Creek

$48.03/AF

Row

3

MIC Bifurcation Complex

$52.54-$63.69/AF

Row/Permanent

4

Cordeniz

$67.95/AF

Row/House

During the development of project development costs it was found that the current crop
on the project property and any significant existing site feature were very influential on
the development cost per recharge capacity. Currently row crop property is being sold
for $12,500 – 15,000 per acre while walnuts and pistachios property is being sold for
$25,000 – 30,000 per acre. For this reason it should be understood that if a property
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site near one of these potential projects were found with less costly property and sandy
soils, the cost per AF could be reduced. Also, in the case of the Cordeniz Basin the
property has a home on it and also includes offsite capacity improvements.
Regionally a good percentage of row crop fields are being transitioned to trees and this,
along with rising agricultural property prices, is making it more expensive to develop
basin projects. Generally the District does not compete for property with district
landowners, but instead works with willing sellers. This became the case with the
Enterprise/Cordeniz basin expansion recently. For this reason the ranking presented in
Table 11-6 should be viewed as how projects compare on a long term investment basis.
However it should also be understand that if a landowner is a willing seller and there is
cooperation to develop the project, that effort will likely be pursued because all of these
projects have shown that they are reasonable in terms of development cost per
recharge capacity.
8.2.6 Grant Funding Nexus
The likely available grant funding sources for basin projects would be funds from the
USBR Water, Energy and Efficiency Grant (WEEG) program, funds from the CA
Department of Water Resources (DWR) IRWM Implementation Grants, funds from the
CA DWR IRWM Proposition 1E Grants, or funds from the USBR San Joaquin River
Restoration Settlement Title X, Part III Grants. Each of these grant programs have
different goals, funding limits and matching requirements. The two USBR grant funding
programs seem to be the best suited for the potential basin projects. The WEEG funds
have been available annually (based on the USBR’s budget and the congressional
budget’s continuing resolution), have a maximum funding of $1.5 million per project and
require a 50/50 cost share. As the maximum funding limit has increased for this
program it seems that competition for these funds has increased.
Since Tulare ID is a Friant Division CVP contractor impacted by the San Joaquin River
Settlement they are eligible for Title X, Part III funding (based on future appropriations in
the congressional budget). In May 2013, Title X Part III funds were generally made
available up to $5 million per project and required a 50/50 cost share. Both USBR grant
programs are focused on water conservation and management, as well as water
marketing, measurement, and energy efficiency. However the Title X Part III funds are
restricted to groundwater banking projects that also have an ability to extinguish
Recovered Water Account (RWA) credits.
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DWR funding through Prop IE is unlikely as these funds are dedicated to stormwater
projects that reduce flood damage. The only potential nexus to this funding would the
basin project southwest of the City of Tulare.
DWR funding through IRWM Implementation grants is a possibility. There is no
maximum project funding limit and non-disadvataged community projects have a 25%
cost share match. There is a third round of Proposition 84 funding scheduled to be
available sometime in 2015, but this is anticipated to be the most competitive round.
The issue with IRWM Implementation grants is that they are linked to DWR’s statewide
IRWM goals and a fairly diverse range of other goals. This leads to applications with
multiple projects that combine to maximize scoring in the applications. As was seen in
2013, sometimes other regional partners do not have either local finances available for
projects or are at points in development of projects that are not far enough along for
grant applications. So although this funding is a possibility, several issues have to align
in order to have a good chance at securing funding.

8.3 Expansion of Creamline/Swall Basin Complex
The Creamline/Swall Basin Complex Expansion Project was a multi-phased cooperative
effort between Tulare ID and the City of Tulare (City) that delivers a variety of benefits to
both partners. There currently are no plans to further this kind of project, but it is
presented as an example of the kind of projects that will be pursued when the City of
Tulare again needs to develop additional resources to justify development within their
sphere.
The City relies solely on groundwater for their municipal supply, but has little access to
available surface water. Therefore, the City and the District have agreed to work jointly
on projects that are mutually beneficial. The District and the City have established a
groundwater banking arrangement where the City contributes towards the acquisition of
surplus surface water supplies by the District to be recharged in District recharge basins
up-gradient of City groundwater extraction wells. Through this partnership, the District
purchased 142 acres of property for the Project and a Bureau of Reclamation “Water
For America” Challenge Grant application helped fund construction of the Project. The
construction of this Project increases the groundwater banking and water marketing
capabilities of the City and the District by increasing the District’s recharge capacity by
approximately 960 AF per year. This Project also increased the amount of water that
can be acquired and managed on behalf of the City due to the limited recharge basin
capacity in areas that benefit the City’s groundwater wells. As the City pays the District
to acquire surface water supplies, this Project will help the District conserve previously
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unusable surplus waters that would have been either spilled out of the District or have
been lost as flood waters. Any portion of the funds that the City pays for surface water
supplies that may be above the District’s cost for the water will go toward securing other
more schedulable surplus water supplies that can be delivered as irrigation supplies
during the District’s coordinated water runs thereby increasing the overall surface
supply of water to the area. This will in turn expand upon the District’s in-lieu recharge
operations. The 12,000 acre-feet of groundwater recharge that the District and City are
trying to deliver will increase in the future as the City grows and the District’s cost to
import water increase.
The Project site was adjacent to the District’s Main Canal which delivers approximately
one third of surface water supplies to District landowners. The Project constructed a
new 36.6 acre multi-use basin with a storage capacity of approximately 176 acre-feet
(AF) on the District’s 142 acres of property. The construction of the earthen basin
included excavating material to a depth of approximately six feet, building the
embankments around the basin up six feet above existing grade and constructing inlet
and outlet structures to and from the Main Canal. The inlet and outlet structures were
outfitted with highly accurate propeller flow meters so that both the water into and out of
the basin can be accurately measured. Water levels in the Main Canal and in the basin
are monitored through new level sensors that were incorporated into the District’s
existing SCADA system. The control structures function automatically based on the
water level sensor settings and be remotely controlled from the District office via the
existing SCADA system.
This Project expanded the District’s capability to conserve surplus water supplies and
better manage water deliveries within the District. This Project is being utilized to
further the groundwater banking arrangement between the City of Tulare and the
District, where the District recharges surface water that the City purchases when
available. The construction of this Project increased the groundwater banking and
water marketing capabilities of the City and the District by increasing the District’s
groundwater banking recharge capacity. The construction of the Project will also allow
the District to beneficially use more surplus water in above average water years by
recharging groundwater for the City. The City then extracts this water with their
groundwater wells within the City.

8.4 Rancho de Kaweah
Kaweah Delta WCD is the lead agency on behalf of several districts in efforts to develop
a groundwater storage and recovery project within the KDWCD’s Groundwater
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Management Plan area. The effort partners include Exeter ID, Ivanhoe ID, LindsayStrathmore ID and Tulare ID. The Project is being pursued to facilitate more efficient
management and operations of the participants’ surface and groundwater supplies.
Current Project efforts consist of testing of soils for recharge suitability, groundwater
monitoring well data compilation and evaluation, groundwater storage and recovery
modeling, water storage and recovery assessments and structural considerations that
require detailed site evaluations and assessment of delivery/distribution facility needs
for a 320 acre site owned by the Lindsay-Strathmore Irrigation District and part of the
larger Kaweah de Rancho site. Future Project efforts would include the development of
necessary groundwater banking agreements if the project is deemed feasible.
Recently, however, interest in the Project has diminished as there are shallow depths to
groundwater in the area and groundwater pumping has the potential to affect the
Kaweah River and river water right holders. While the interest is low at the time of this
report this Project is still a candidate for future recharge evaluations.
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9 DEVELOPMENT OF COOPERATIVE PROJECTS BETWEEN
TID AND OTHER ENTITIES
9.1 Visalia WWTP Pipeline and Transfer Program
This project is under development and has been a high priority for the last few years.
The project involved developing a large diameter pipeline from the City of Visalia
WWTP to a connection point within the District’s conveyance system. In 2010 TID
applied to the Bureau of Reclamation for partial funding for the project and was
successfully selected for funding. Since that time the District has worked with the City
of Visalia as the City has developed environmental documentation for the WWTP
project and the development of the pipeline. Project permitting appears to be coming to
completion in June 2013 and construction of the pipeline is anticipated to begin in the
late fall of this year. The project would deliver tertiary treated wastewater to Tulare ID in
exchange for wet year surface water that would be delivered to the City on their east
side through Packwood Creek in an area that would benefit the City’s groundwater
resources. Also associated with this project is an effort by Kaweah Delta WCD to
develop five new water management structures in Packwood Creek to increase the
recharge potential of that linear recharge facility.
The estimated water supply benefits for the TID-City of Visalia pipeline project have
been estimate to be 11,700 AF/year on average. The project has been estimated to
cost approximately $4,200,000, but received a Federal Grant for $700,000. This
funding scenario leads to a cost per AF for the developed benefits of approximately
$6/AF over the 50 year expected Project life. There are no significant environmental
impacts anticipated through the development of this project as the alignment is along
existing Tulare County roads and through actively farmed areas.

9.2 Packwood Creek Structures and Seepage Compensation Program
The City of Visalia’s Packwood Creek Water Conservation Project (Project) is primarily
a water conservation project that will regulate surplus waters in Packwood Creek where
5 automated check structures in the Creek will maintain high water levels and maximize
storage/recharge capabilities. SCADA improvements of remote monitoring of level and
flow at these facilities will allow operation as a cohesive unit, maximizing the water
conservation and management potential.
Also, new turnout structures will be
constructed in Tulare ID’s Main Intake Canal near its intersection with the Kaweah and
St. Johns Rivers to facilitate delivery of transferred water with less seepage that would
not benefit the City of Visalia.
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The project is expected to recharge 1,465 AF/year, and will better manage 29,360
AF/year. With this Project, the City will be able to foster water marketing with Tulare ID.
An agreement between the two entities will allow for the City of Visalia to deliver tertiary
treated wastewater to Tulare ID in exchange for Uncontrolled Season Water delivered
back to City of Visalia from Tulare ID at a rate of 1 AF of uncontrolled water for every 2
AF of tertiary treated water delivered. When not being utilized by the above
arrangement, KDWCD could utilize the Project to recharge surplus Kaweah River water,
or facilitate transfers to the City of Visalia from Friant Division CVP water users as well
as Kaweah and St. Johns Rivers water users. The project has been estimated to cost
approximately $1,882,560 and received a Federal Grant for $800,000. Using this
funding scenario it leads to a cost per AF for the developed benefits of approximately
$37 over the expected 20 year life of the project. There are minor environmental
impacts anticipated through the development of this project as the structures are to be
developed in a maintained waterway.
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10 PRELIMINARY DESIGN OF CONCEPTUAL PROJECTS TO
SIGNIFICANTLY IMPROVE THE DISTRICT’S SURFACE
WATER DELIVERY SYSTEM
Many projects were evaluated through the SOR study based upon the District’s
priorities established through the Strategic Planning Effort. The surface water delivery
projects were broken down into two main categories: Main Intake Canal projects and indistrict conveyance projects. Projects were ranked in each category based upon cost
effectiveness, overall cost, and priority for the District. Potential funding sources for
each category are also described.

10.1 Main Intake Canal
One set of projects analyzed were projects dealing with the District’s Main Intake Canal.
These projects primarily dealt with the reliability of the facility to continue delivering
water into the District boundaries. Many of these projects are large and expensive and
will take several years for the District to generate funds to complete the project. Even
with the high costs these projects remain important to the District, as the Main Intake
Canal is the primary conveyance facility for the District. However, due to the high
project costs it is recommended that the District try to pursue IRWM grant funding.
Through these grants the District can get up to $30 Million in grant funds and the cost
share only needs to 25%. Another potential source would be to apply for San Joaquin
River Restoration Title X, Part III Grants, but this grant would be in the range of $5
Million and a 50% cost share.
Table T10-1 below shows how the Main Intake Canal projects rank. The Crocker Cut
Project was selected first due it its lower costs and allows the District some flexibility
while trying to raise funds for the siphons, or in case a siphon fails.
Table T10-1: MIC Potential Project Ranking

Rank

Project

1

Crocker Cut Rehabilitation

2

Rocky Ford Diversion Rehabilitation

3

St. Johns River Siphon Rehabilitation

4

Kaweah River Siphon Rehabilitation
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10.1.1 Crocker Cut Channel and Diversion
10.1.1.1

Project Summary

The Crocker Cut channel is an existing, overgrown channel that is two miles long
connecting the Kaweah River to the District’s Main Intake Canal (MIC). The plan for the
Crocker Cut Project will be to rehabilitate the channel along with adding a structure in
the Kaweah River. The weeds and trees that have grown in the channel will be
removed to increase the capacity in the channel. The channel will also be re-shaped.
Performing these two tasks will create a larger flow area and reduce losses through the
channel. A concrete check structure is planned for the structure in the Kaweah River.
This structure will allow for checking up the water level in the river to allow for more
head for water to flow through Crocker Cut. Currently, water can only be diverted to
Crocker Cut when there are high flows in the Kaweah River. When water in the river
does flow high enough to divert down to the Crocker Cut, the maximum flow is 200
CFS. With the channel modifications and new structure it is expected the District will be
able to divert up to 600 CFS.
The location of the check structure has not been selected at this time, but concurrent
with the completion of the SOR study a topographic survey is being completed in the
Kaweah River and Crocker Cut. With this survey the check structure location can be
set along with design for the Crocker Cut channel modifications. The Department of
Fish and Wildlife has not been consulted yet, but it is expected that environmental
permitting and regulatory compliance will be the most difficult for the construction
portion in the Kaweah River. Environmental compliance should not result in any fatal
flaws, but could prolong the project schedule. A project map is included in Appendix I.
10.1.1.2

Background

The Crocker Cut channel is a District operated channel that can take Kaweah River
water into the District’s MIC, which is the primary facility to bring water into the District
boundaries. This channel is not often used as most of the water diverted into the MIC
comes from the Friant-Kern Canal and from the St. Johns River at Rocky Ford.
Diverting water through Crocker Cut is also reliant on the flow in the Kaweah River.
There must be high flows through the river to generate a water level that will pass flow
through the Crocker Cut. This has led to lack of use, allowing vegetation to become
overgrown in the channel. With these combined factors the maximum flow is 200 CFS.
If this capacity can get increased, the District will have much more reliability with getting
water inside the District boundaries.
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The District is extremely reliant on its 900 CFS capacity MIC and if issues arise on this
facility there could be major problems with getting water into the District. Two facilities
of importance in the MIC are the siphons underneath the St. Johns and Kaweah Rivers.
These structures are 50-plus years old and are exposed in the river bottom, creating
concern for their structural stability. Rehabilitating these structures will be very
expensive and could take a long time to be completed. For these reasons finding
another option to divert large amounts of the District water supply is important.
Developing the Crocker Cut into a 600 CFS channel will allow for some relief in the
event of a siphon failure. Water can be diverted from the Kaweah River into the MIC,
bypassing the siphons. The District’s Friant Division CVP water can be diverted into the
Kaweah River from the Friant-Kern Canal giving the District the option to collect both
their River and CVP supplies.
10.1.1.3

Project Benefits

Potential benefits associated with the Project include:



Increased system reliability: The rehabilitation of the Crocker Cut to a 600 CFS
capacity will greatly help the District in the event of a siphon failure.
Increased capacity: If the District is able to generate or purchase additional water
supply, the increased Crocker cut can aid in diverting the additional water.

10.1.1.4

Grant Funding Nexus

The Project nexus to grant funding is dependent on the grant sought after and the
District’s goals with the project. Bureau of Reclamation WEEG grants are generally
geared towards increased water supply and energy conservation. These grants are
smaller with a max of $1.5 Million and a 50% cost share. IRWM grants are much larger
and have a 25% cost share. Given the cost and current goals for the Project, the IRWM
grant may be the method to pursue. A preliminary cost estimate is included in
Appendix J.
10.1.1.5

Conclusions

To increase system reliability for the District’s MIC, the Crocker Cut Rehabilitation
Project should be viewed as a significant potential. Although the new capacity in
Crocker Cut would not satisfy all the delivery capacity of the MIC in the event of a
siphon failure, with this project nearly 70% of the water will still be able to be delivered
instead of 20%. This Project is also significantly cheaper option for increasing system
reliability when compared to costs for rehabilitating the siphons.
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10.1.2 Rocky Ford Diversion Rehabilitation
10.1.2.1

Project Summary

The District’s Rocky Ford Diversion Rehabilitation Project goal is to undertake an effort
to ensure that this vital facility will continue to serve the District’s landowners into the
foreseeable future. This Project involves rehabilitating the Rocky Ford Weir structure in
the St. Johns River along with the District’s Diversion structure from the St. Johns River
into the Main Intake Canal (MIC). This Project remains at a low level of development as
the existing structures were not able to be critically evaluated in terms of necessary
rehabilitation effort. However the District understands that these structures are
relatively old and it is time to rehabilitate them or decide to remove and replace them.
In support of this effort, topographic cross-sections were taken in the area of the
structures so that the District can better evaluate the current hydraulics and water
surface elevations that are developed by the structures.
10.1.2.2

Background

The head works of the MIC begins with the District’s turnout from the Friant-Kern Canal.
Shortly downstream there is another significant diversion into the MIC from the St.
Johns River at Rocky Ford. At this location there are two structures that the District
uses to manage diversions. The larger structure is Rocky Ford, the check structure in
the St. Johns River. The other structure is the District’s diversion structure into the MIC
which controls and measures how much water is diverted. Both of these structures are
needed to successfully divert flows from the St. Johns River into the MIC.
The Rocky Ford Diversion is made up of two concrete structures that are approximately
50 years old. This is the location where the District diverts almost all of their river water
supply. As cost for Friant Division CVP water goes up and supply goes down with the
San Joaquin River Restoration Settlement, the District’s river water supply from the St.
Johns and Kaweah Rivers is becoming more and more important. This importance
makes the reliability of the Rocky Ford diversion more crucial. If the diversion at Rocky
Ford fails, then the District could lose a substantial portion of its water supply, impacting
all of its growers. Given the age of the structures, they are getting close to the end of
their expected life.
10.1.2.3

Project Benefits

Benefits associated with the project include:


Increase system reliability
T10-4
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Increase water management flexibility
Increase diversion capacity (if desired)

10.1.2.4

Grant Funding Nexus

Given that these structures are large and regionally important, this situation might match
well with the DWR IRWM Implementation grants. It might be possible to fold issues like
flood control and environmental habitat along the river in with the primary benefit of
water supply to help the application score well.
Rehabilitating the structures will allow for water to be better managed and conserved.
Given these benefits the project could align well with a Bureau Water Energy and
Efficiency Grant (WEEG). However, there is risk in that the Bureau will not fund efforts
for Operations, Maintenance and Replacement. For this reason it would be important to
plan for improvements to the facility in terms of capacity, monitoring and metering.
10.1.2.5

Conclusion

Increasing the reliability of this structure for the District is highly recommended. With
the growing importance of river water supplies for the District, making a primary river
water diversion point more reliable would be very beneficial. The new structures will
allow for the District to better manage and measure the diverted water into the MIC
which benefits all growers in the District.
10.1.3 St. Johns River Siphon
10.1.3.1

Project Summary

The initial phase of the project would be to complete a survey and structure inspection
to determine the existing condition and dimensions of the St. Johns River Siphon. The
St. Johns River Siphon Project rehabilitates a very important concrete conveyance
structure. The current siphon appears to be sized somewhat small for the flows that
frequently pass through it in the Main Intake Canal (MIC) and is experiencing erosion
from both the velocity passing through it and the St. Johns River flow above it. When
the siphon was constructed it was buried five feet below the bottom of the St. Johns
River bed. At the present time, the top of the siphon has been exposed in the river bed.
Without the ground cover there is concern for the siphon’s structural stability. Another
concern with this siphon relates with District deliveries. The MIC capacity is 900 CFS,
which makes up almost all of the 1,100 CFS delivery capacity for the District. Failure of
the St. Johns River Siphon would be catastrophic as it would reduce delivery capacity to
T10-5
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200 CFS for the entire District.
rehabilitation project.

These concerns would be addressed by the

The Project will depend on the District’s choice of either replacing/rehabilitating the
siphon or enlarging siphon to increase the capacity of the delivery system. Upon
reviewing District acreage and delivery records, it appears that the 1,100 CFS delivery
capacity the District currently has is enough to meet service area demand. Therefore, it
is recommend pursuing rehabilitation instead of expansion. The rehabilitation project
will leave the existing siphon in place but would add two additional barrels to slow the
velocity through the structure. One barrel would be 120-inch diameter RGRCP and the
other barrel would be 84-inch diameter RGRCP. These barrels would be buried 10 feet
below the current floor of the river channel for protection from erosive forces. The
culvert inlet and outlet structures would need to be modified to accommodate the
additional barrels and control gates. The structures would also need to be made deeper
and allow for trash racks to be mounted. It is also recommended that a meter be placed
on the new facility, so the District can better manage flow in the MIC. To reduce
environmental costs it is recommended that the two barrels be place by the jack and
bored instead of open cutting the St. Johns River channel. Both options are expected to
require coordination with the Army Corps of Engineers and the Department of Fish and
Wildlife since the Project will occur across a river channel. See Appendix I for a project
map.
10.1.3.2

Background

The MIC is one of the primary facilities TID uses to move water into the district
boundaries. This canal is very long (14 miles) and diverts water from the Friant-Kern
Canal and the St Johns River at Rocky Ford and conveys water into the northeastern
corner of the District. The St. Johns River Siphon is a key crossing for the MIC that
conveys CVP and river supplies south of the St. Johns River channel. This structure
was built (or rebuilt) in the early 1950’s and according to drawings from 1951 has a 7
foot 8 inch by 12 foot reinforced concrete box that is approximately 392 feet long.
These dimensions would produce a velocity of almost 10 feet per second flowing at the
system capacity of 900 CFS. This high velocity at maximum flows leads to concern that
scour has been occurring over time that is impacting the stability of the structure. Given
the age of the structure, it is probably in need of repairs and some rehabilitation. The
facility is an inverted siphon and remains full of water at all times.
10.1.3.3

Project Benefits

Possible benefits associated with the project include:
T10-6
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Increased facility and system reliability
Increased facility capacity (if pursued)

10.1.3.4

Grant Funding Nexus

If only replacement or rehabilitation work is chosen the options for grant funding
diminish. The project could then be seen as an operations, maintenance and
rehabilitation project and since many grants do not fund OM&R activities, finding
funding could be more difficult. If expansion of the siphon is selected, there may be a
higher likelihood of getting funding. The project could be seen as better managing and
conserving water and/or better marketing water. These goals fit well with the Water
Energy and Efficiency Grant (WEEG) from the Bureau, but the current maximum limit
for these grant funds is somewhat small for the needs of this effort. The District could
also pursue funding through the IRWM Implementation Grants for regional water
management. Due to the size and importance of the MIC in the region, the siphon
rehabilitation could be seen as very important to regional water management and thus
be highly selective for the IRWM funding. See Appendix J for a preliminary cost
estimate.
10.1.3.5

Conclusions

The St. Johns River Siphon is a vital facility and its ability to continue to convey water
into the District should be viewed as a top priority. Although, the District can use its
creek system for transporting water into district boundaries, these systems currently
have much lower capacities and result in significantly more loss than through the Main
Intake Canal. It is recommended the replacement/rehabilitation of the St. Johns River
Siphon be taken on as a long-term project by the District to increase system reliability
and (if the District chooses) increase the capacity of the facility.
10.1.4 Kaweah River Siphon
10.1.4.1

Project Summary

The initial phase of the project would be to complete a survey and structure inspection
to determine the existing condition and dimensions of the Kaweah River Siphon.
Currently, the only known information of the facility is in drawings from the early 1950’s.
The next phase of the project will depend on the District’s choice of either
replacing/rehabilitating the siphon or expanding either by installing a larger siphon or
adding additional barrels. If the choice is to replace or rehabilitate the siphon then the
existing siphon will be replaced with a new siphon of the same size. If the choice is to
T10-7
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expand the siphon then there are several directions that can be taken. The existing
siphon can be replaced with a larger siphon (one that can pass the existing 900 CFS or
design for 1,200 CFS). Another option would be to add an additional barrel of larger or
equal size, which will at minimum double the capacity. Both options will require
coordination with the Army Corps and the Department of Fish and Game since both
project alternatives will occur within a river channel. See Appendix I for a project map.
10.1.4.2

Background

The Main Intake Canal (MIC) is the primary facility TID uses to move water into the
district boundaries. This canal is very long (14 miles) and diverts water from the FriantKern Canal, from the St. Johns River at Rocky Ford and takes water into the northeast
corner of the District. The second major structure in the MIC is the Kaweah River
Siphon. This structure was built in the late 1940’s to early 1950’s and according to
drawings from 1964 has a 6 foot 1 inch by 10 foot 6 inch reinforced concrete box that is
approximately 300 feet long. The opening dimensions are under some scrutiny since a
siphon of this size would require a velocity of approximately 14 feet per second to pass
the maximum capacity of 900 CFS. At this time the District knows there has been some
patch work done, but does not know if any major rehabilitation has been completed. If
there has not been any rehabilitation over the past 60 years, the structure is probably in
need of attention.
10.1.4.3

Project Benefits

Possible benefits associated with the project include increased facility and system
reliability as well as potentially increased capacity.
10.1.4.4

Grant Funding Nexus

The issue for this effort are the same as for the St. Johns River Siphon project. A
preliminary cost estimate is included in Appendix J.
10.1.4.5

Conclusion

The Kaweah River Siphon is a vital facility and its ability to continue to convey water into
the District should be viewed as a top priority. Although, the District has a creek system
at its disposal for transporting water into district boundaries, these systems result in
significantly more loss than through the Main Intake Canal. It is recommended the
replacement/rehabilitation or expansion of the Kaweah River Siphon be taken on as a
long-term project by the District to increase system reliability and (if the District
chooses) increase the capacity of the facility.
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10.2 Area Pipelines
Many of the conveyance facilities within TID are earthen ditches, but there are also
several pipelined systems that tend to cover subareas off the ditch systems. These
facilities are known as “area pipelines” in the District vernacular. From District records it
appears that many of these pipelined systems were developed in the 1960s presumably
as service from the Friant-Kern Canal became available. The systems generally are
made from reinforced concrete pipe with mortar joints and are a mixture of gravity and
low-head pumped systems. The mortar joints over time have become an operations
and maintenance issue as when there is settlement they crack and begin to leak. Also,
when the District repairs the leaks they often disturb the adjacent joints of pipe enough
to develop new cracks which will leak in the coming season. For these and other
reasons the District has been interested in making these systems more reliable and
improving the level of service to landowners that receive surface water.
In comparison to the Main Intake Canal Projects, these projects are much smaller in
terms of initial capital investment. The District has talked to regional Bureau of
Reclamation staff regarding these projects and they have indicated that they believe
that WaterSMART Water, Energy and Efficiency Grants would be good opportunities to
partially fund these projects.
All of the area pipelines in the District were evaluated in terms of their level or service
(maximum flowrate versus served area) and the potential replacement cost with new
PVC pipelines. Also the PVC systems were evaluated on how the reduced friction in
the pipe material might increase deliveries to growers. This evaluation showed that the
Area 16 and Area 18 systems appeared to be the two most cost effective projects for
the benefits developed and they are discussed more fully in the following sections.
10.2.1 Area 16 Pipeline
10.2.1.1

Project Summary

This Project will improve approximately 3,300 feet of pipeline on the west side of the
District. The new pipeline system will range from 12-inch to 24-inch diameter C905
PVC pipe and serve approximately 315 acres. The Project’s service area is roughly
between Ave 232 and 228 and Road 28 and 36. The service area is served by a
pipeline that diverts flows from the Bender Ditch and is south of the Basset Ditch and
north of the No. 8 Ditch. The maximum capacity of the pipeline is anticipated to be
approximately 6 CFS. A map of the project location is shown in Appendix K.
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Background

The existing concrete pipe system was built in 1967 and has pipe diameters ranging
from 14 inches to 21 inches with an existing capacity of approximately 5 CFS. The
systems’ current capacity will not support all users being served at the same time.
However, the District is able to delivered desired supplies on schedule. For example, if
two users can be served on the system at a time and they need to irrigate for four day
periods then the District would likely be able to serve eight landowners over a 16 day
period.
A two week rotation on irrigations during the peak summer months
(June/July/August) is not uncommon in this area. As was previously mentioned, leaks
in older pipelines have become an operations and maintenance issue for the District.
10.2.1.3

Project Benefits

There are many benefits to the District and its growers by pursuing this Area 16 Pipeline
Expansion Project. The benefits include:




Increased Level of Service (LOS) to growers in the service area. There are three
turnouts in this system’s service area and pre-Project, only one turnout can be
served at the same time. With the new pipeline, greater capacity can be provided to
growers which should reduce the length of their irrigations the time required to serve
landowner demands.
Decreased losses from leakage through old pipes leading to water being better
conserved.

10.2.1.4

Conclusions

The project concept has been developed to a preliminary level based on available
District information and aerial photography. A California Natural Diversity Data Base
(CNDDB) database search was conducted over the project service area and no plant,
animal, terrestrial community or aquatic community sightings records were found.
Currently there do not seem to be any major flaws in the concept and increased ability
to serve growers is consistent with the District’s goals. Project development will need to
continue with a topographic survey of the project alignment and discussion with
landowners regarding service expectations and modified facilities. An Engineer’s
Estimate of Probable Cost is included in Appendix L. This estimate is based from a
preliminary concept design and thus the contingency is set higher to 25%. The District
sees this Project as a priority and wants to address it if possible in the near future.
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10.2.2 Area 18 Pipeline
10.2.2.1

Project Summary

This Project will improve approximately 9,680 feet of pipeline in the District, southwest
of the City of Tulare. The new pipeline will range from 12-inch to 24 inch diameter C905
PVC Pipe and serve approximately 640 acres. The capacity of the pipeline will be
approximately 12 CFS. A map of the project location is shown in Appendix K.
10.2.2.2

Background

The existing pipe was built in 1963 with pipe diameters ranging from 14 to 20 inches
and existing capacity of eight CFS. The existing pipe material is almost entirely CP pipe
with the only exception being a 50 foot run of 15 inch reinforced concrete pipe. As
described with the Area 16 system, the Area 18 system doesn’t have enough capacity
to serve all landowners at the same time. However it has sufficient capacity to serve
landowners on a rotating schedule within normal peak month irrigation rotation (about 2
weeks). As was previously mentioned, leaks in older pipelines have become an
operations and maintenance issue for the District.
10.2.2.3

Project Benefits

There are many benefits to the District and its growers by pursuing this Area 18 Pipeline
Expansion Project. The benefits include:






Increased Level of Service (LOS) to growers in the service area. There are 8
turnouts in the area and pre-Project, only two to three turnouts can be served at the
same time. With the new larger pipeline, more growers can receive water at the
same time, when it is available.
Decreased losses from leakage through old pipes leading to water being better
conserved. The current pipeline is very old and leaks at several points along its
length. Building a new pipeline will alleviate these problems.
Water is better marketed. With the increased capacity and decreased losses, the
District is able to better market their supply to growers.

10.2.2.4

Conclusions

The project concept has been developed to a preliminary level based on available
District information and aerial photography. A CNDDB database search was conducted
over the project service area and no plant, animal, terrestrial community or aquatic
community sightings records were found. Currently there do not seem to be any major
flaws in the concept and increased ability to serve growers is consistent with the
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District’s goals. Project development will need to continue with a topographic survey of
the project alignment and discussion with landowners regarding service expectations
and modified facilities. An Engineer’s Estimate of Probable Cost is included in
Appendix L. This estimate is based from a preliminary concept design and thus the
contingency is set higher to 25%. The District sees this Project as a priority and wants
to address it if possible in the near future.
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11 DEVELOPMENT OF WATER
UTILIZING NEW YIELD

MARKETING

PROGRAM

11.1 Title X, Part III Grant Application – RWA Program
The purpose of this section is to discuss the task aimed toward the development of new
water supply for Tulare Irrigation District (TID) through the System Optimization Review
(SOR) study. Originally through the SOR study, potential projects that would develop
new water supply were to be examined so as to meet the demand of the District. The
primary project of interest was to increase the Main Intake Canal (MIC) capacity from
900 CFS to as much as 1,200 CFS. However, after reviewing TID’s total irrigated
acreage demand, it was determined the entire District demand was just over 1,000
CFS. This demand can be met by existing facilities, the MIC and Packwood Creek
which has a capacity of approximately 200 CFS. With the conclusion that the entire
District demand can be met with existing facilities, no new water supply would be
developed through projects examined as part of the SOR study.
In May 2013 TID submitted an application for the Part III of Title X Grant to the Bureau
of Reclamation (included in Appendix M). The grant funding opportunity is available in
response to the San Joaquin River Restoration Program (SJRRP) that limits water
availability to the CVP Friant Division contractors. By applying for the Part III grant, TID
gained the potential to generate a new water supply. In June 2013 TID was awarded
nearly $2 Million for their project entitled Conjunctive Exchange Program. The award
goes toward construction of the Cordeniz Recharge Basin, development of a leveraged
exchange program, a Groundwater Recharge Capacity Study, and a Groundwater
Recharge Basin Strategic Plan.
The leveraged exchange program is proposed to be a method for the District to obtain
more wet year water and extinguish credits from its Recovered Water Account (RWA)
that are developed from the SJRRP. RWA credits are generated for each Friant
Division CVP Contractor when water is diverted for flows in the San Joaquin River,
instead of delivered to the Contractors. Reducing these credits is the reason the
Bureau of Reclamation made the funding available. TID’s response, via the Title X, Part
III Grant application, was the leveraged exchange program. Although the program is
still somewhat in development, this program has the potential to not only generate water
for TID, but also allows TID to market water to all of the Friant Division CVP
Contractors. TID proposed to create an exchange with other Friant Contractors for wet
year water in return for dry year water that would come from TID’s Class 1 contract.
$1.2 Million of the grant award would go toward setting up a Water Exchange Purchase
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Fund to help entice others to do the exchange. The funds would go towards the
purchase of wet year water for TID and cover the source water costs of the partner for
the return water. The Fund is expected to last approximately five years to get the initial
arrangements underway in hopes that a sustainable program could be carried on after
funding is no longer available. However, there will be additional Title X, Part III funding
rounds in the future and the intent of the District is to ask for an additional $1.2 Million
for the Exchange Purchase Fund. The District is hoping the proposed leverage
exchange will be an unbalanced exchange allowing TID to bring in greater volumes of
wet year water. If agreed upon with other Contractors, this leveraged exchange could
generate a substantial amount of water supply for the District.
The Cordeniz Recharge Basin is being used as the District’s cost share component for
the grant funds, along with meeting the construction project requirement of the Title X,
Part III Grant. This is a facility that will help the District better utilize available wet year
supplies by adding additional storage capacity in the District. Developing additional
storage capacity is the driving factor for the Groundwater Recharge Capacity Study and
Groundwater Recharge Basin Strategic Plan. The District sees the development of
more recharge basins as a way to combat the reduction of surface water supplies.
These efforts will try to focus more on specifically locating basins in good recharge
areas in the District’s boundaries. This will develop more water, through groundwater
for District landowners. In dry years.
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12 STUDY CONCLUSIONS
12.1 District Water Supplies
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From a review of historical records it appears that as the cost of Friant Division CVP
water changed in the 1990s the District’s use of that supply diminished and the District
shifted to using less costly river supplies. As groundwater depths have declined over
the years, it appears that the cost of CVP water is now much more comparable to the
cost to pump groundwater on average in the District. If the District’s water rate can be
adjusted such that the source cost is annually passed on to water users it may be
possible for the District to use more surface water.
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Figure T12-1: Tulare ID Average CVP and River Diversions by Decade

12.1.1 Reduced CVP Supplies
Diversion records indicated that the District has received less Friant Division CVP
surface water in recent years than they had in the first three decades of the systems
operation (decades of 50s to 80s). TID has been exchanging 5,000 to 8,000 AF of their
Friant Division CVP supply for additional Kaweah River supply over the last 15-20
years, thus decreasing the in-district diversion of the CVP supply and increasing the
Kaweah supply. However, this is trend is very likely related to the cost of supplies. In
the late 1980’s Class 1 water cost was $3.00 per acre-foot and Class 2 water cost was
$1.50 per acre-foot. Friant CVP water pricing changed in the early 1990s and CVP
deliveries dropped in the same time frame. Also, at that time the contractual “Obligation
Period” that included the take or pay provisions for CVP water was removed, which took
T12-1
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away the financial disincentive to forego water diversions. The District has charged
growers $33/AF for supplies since 2005 primarily in order to keep surface water costs
competitive or less than groundwater pumping costs for most growers. However,
groundwater depths have continued to increase and recently groundwater pumping
costs in the District were estimated to be between $30-45/AF given an average depth to
water of 143 in Spring 2013. In comparison, Friant Division CVP Class One rates are
roughly $45/AF and Class Two rates are roughly $30/AF. If the District’s water rate
could annually be made to more closely reflect the District’s likely source cost of water it
would allow the District to secure greater volumes for delivery as they wouldn’t need to
shelter reserve funds to subsidize dry year water supply costs.
12.1.2 SJR Restoration Settlement
The decade of 2010 – 2020 will likely see a further reduction in available CVP water
supplies from the implementation of the San Joaquin River Restoration Settlement
(SJRR Settlement). At the time of this report there has been no modification of the San
Joaquin River channel to aid in its ability to received the agreed to “Full Restoration”
flows which are schedule to begin in 2014. For this reason it seems likely that until a
source of funding for the SJR modifications can be secured “interim flows” will continue
with the USBR working with Friant Division contractors to buy-back supplies greater
than the SJR channel can handle. However, it is still clear that when full restoration
flows are established on the reconstructed San Joaquin River that the District’s Friant
Division CVP waters will further decline. Some recirculation programs have been
successful in recouping some supplies through transfer. The SJRR Settlement could
eventually reduce the District’s Friant Division CVP surface water resources by as much
as 20 percent per year on average (14,400 AF/year).

12.2 Groundwater
Even though there is significant water importation to the District, groundwater levels
continue to decline over time. With additional limitations on regional imported surface
water supplies, it is expected that groundwater levels will decline at an increasing rate
without significant steps to address this trend. For this reason the District has
concluded that in order to address declining groundwater conditions it will be necessary
to increase the District’s ability to irrigate and recharge available wet year supplies.
12.2.1 Reduced SWP/CVP Supplies
In 2007 a series of legal decisions restricted the amount of surface water that was
deliverable through the Delta and into the joint SWP-CVP system. These restrictions
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were tied to impacts on endangered species from pumping facilities that convey water
from the Delta to south of Delta contractors. These decisions dramatically reduced the
amount of surface water delivered to growers to the west of the District (in the Tulare
Lake Basin Water Storage District) and began to impact the groundwater resources
beneath the District as growers to the west pumped greater volumes than before to
meet the developed ag demand. Currently the situation appears to be somewhat static
due to a lack of agreement about how to fix the situation as well as a lack of funding for
potential projects. Given the current situation, it is believed that these restrictions will
remain in place for the next several years, if not longer.
12.2.2 GW Level Declines
District records were reviewed for the long-term average groundwater decline
throughout the Distirct and it appears to be roughly 1 foot per year between 1949 and
2009. 2007-2009 were dry years and regionally there was significant decline in
groundwater levels, with many wells in the area needing to be redeveloped to be able to
access deeper groundwater levels. 2012 was also dry, but 2013 has been a historic dry
year and readings from this spring indicate that historic low groundwater depths will
likely be reached this summer.
12.2.3 Groundwater Regulation
In the last few years the State has been making steady moves toward the regulation of
groundwater through the Irrigated Lands Regulatory Program (ILRP), regional
groundwater monitoring requirements to qualify for State grant funding and other bills
that have been unsuccessfully introduced in the legislature. This trend was the
impetuous to update the District's Groundwater Management Plan to current standards.
The general belief is that groundwater adjudication will occur in the Central Valley at
some point in the next 10-20 years.

12.3 Infrastructure Evaluation
The age of several key facilities in the District indicate that plans to rehabilitate these
facilities need to be made now before they begin to be at risk of failure (i.e. Rocky Ford
diversion structures, St. Johns River Siphon, Kaweah River Siphon, TIC Siphon, and
Crocker Cut channel and diversion). Each of these projects would require millions of
dollars to facilitate meaningful rehabilitation or modifications. Also the Area Pipelines, a
portion of the District's in-district conveyance system, are in need of rehabilitation and
betterment. The capacity of the systems appear to be sufficient to serve ag demands in
peak months given a highly scheduled system, but additional scheduling flexibility is
T12-3
\\ACCTSERVER\Engineer\O. Grant Projects\01 Bureau SOR Study\Final Report\131105 SOR Study Report.docx

TULARE IRRIGATION DISTRICT

TASK TWELVE

2013 SYSTEM OPTIMIZATION REVIEW STUDY REPORT

desired by growers. Also it appears that significant expansion of the District’s
groundwater recharge basins could be accomplished before the current conveyance
system capacity becoming limiting to District recharge efforts.

12.4 Existing Partnerships
12.4.1 City of Visalia
The District has been very successful in working towards partnerships with the City of
Visalia in recent years. The two primary partnerships are through the Packwood Creek
Seepage Reimbursement Program and the Visalia WWTP Pipeline and Exchange
Agreement. Given the City’s recent interest in securing additional surface water
supplies and groundwater recharge capacity it is likely that more creative partnerships
could be possible in the future.
12.4.2 Kaweah Delta WCD
The District’s partnership with KDWCD has generally been centered around the
agreements developed in 2001 between the City of Visalia, KDWCD and TID. These
foundational agreements have generally been beneficial to the District and will need to
be renegotiated. The two districts partner on the MIC Seepage Reimbursement
Program and have also partnered on the Packwood Creek Structures Project (Visalia
Water Management Committee). Both agencies have also participated in the Kaweah
River Basin IRWM group. Most recently the two agencies have partnered on the
development of the Cordeniz Basin. Kaweah Delta WCD continues to be a solid
regional partner that can often have similar goals to the District.
12.4.3 City of Tulare
The District’s partnership with Tulare focuses on the development of groundwater
recharge facilities northeast of the City and the recharge of wet year waters through
those facilities. Swall Basin was developed as a partnership in this way. However,
given current land development in the region it is unlikely that Tulare will need additional
Basins to justify local development in near future.

12.5 Strategic Plan Priorities
Through the District’s Strategic Planning Effort the Board of Director concluded that 1)
Water Supply Balance and Vulnerability and 2) Distribution System Maintenance
Improvements would be the District’s top two priorities through the envisioned planning
T12-4
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window (approximately 5 years). Water Supply Balance and Vulnerability was
understood to mean the import of as much surface water as feasible given existing
finances in order to increase the reliability of groundwater resources for use during dry
years. Distribution System Maintenance Improvements was understood to mean the
improvement of the level of service to growers and provision of as uniform and reliable
delivery capacity as possible throughout the District. Both of these top priorities appear
consistent with the District’s recent developed projects, cooperative efforts and
decisions about water supply.

12.6 Priority Projects
12.6.1 New Basin Development
New Basin facilities will allow the District to take greater advantage of available surplus
surface water both on the Kaweah & St. Johns Rivers and the Friant Division CVP. An
analysis of floodwater availability between 1981-1999 showed that on average there are
approximately 70 days/year when floodwater is available to TID. The development of
new basins would increase the District’s ability to make use of surplus water during wet
times when there is little ag demand and also significant available conveyance capacity.
It was assumed that on average the newly developed basins would recharge 0.25
AF/acre/day (conservative rate). These values were compared against the estimated
average annual impact from full SJR Restoration flows and it was estimated that the
District would need to develop approximately 865 acres of new basins just to offset
these impacts. These facilities were planned to be located in advantageous areas that
will also help with water management during irrigation runs (reregulation capabilities,
reduce spill, develop more consistent head, etc.). These facilities will have a funding
nexus with Title X, Part III grants from the Bureau of Reclamation and which should be
pursued in future rounds, but this funding source would require 50% matching cost
share.
12.6.2 Area Pipelines
There is currently interest and momentum to rehabilitate these older concrete mortar
join pipe systems, improving their capacity and providing more on-demand deliveries to
growers. It was thought that these systems would be rehabilitated with approximately
equivalent diameter C900 PVC pipelines, which would reduce friction and provide
relativity low cost alternatives. However the projects to rehabilitate these pipelines are
also millions of dollars per project and might not increase total water delivered (only
water better managed).
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The District has discussed the potential of involving Bureau of Reclamation funding on
these efforts and initial discussions have been well received. However each project
must show quantifiable betterment to the service area and be competitive in comparison
to other submitted applications. It is likely that the District will submit a system for
consideration in the near future.
12.6.3 Crocker Cut
The MIC is a long linear facility that is vulnerable to disruption if key components were
ever to catastrophically fail. A project that would address this significant risk would be
to rehabilitate the existing Crocker Cut Channel and develop a new check structure in
the Kaweah River that would allow the District to divert larger flows through this facility
and thereby develop a back-up system. Round 3 IRWM Funding appears to be a
possibility for the development of this facility. This effort would develop a facility
capable of diverting 600 CFS to the MIC downstream of both the St. Johns and Kaweah
River siphons through an improved existing channel and diversion.

12.7 Priority Efforts
12.7.1 Additional Surface Water Supplies
Given the groundwater overdraft in the District and the anticipated surface water
reductions from SJR Settlement it will be critical for the District to obtain new surface
water supplies for both delivery to District ag demand and for groundwater recharge.
The current effort underway is connected to the improvement of the City of Visalia’s
WWTP and an exchange with the City for tertiary treated wastewater. However, it also
was viewed that the District would need to continue its historic practice of obtaining
available Kaweah or St. Johns River entitlements. Also in recent years there have been
Friant CVP contractors that have reassigned their contract supplies and this is also a
possibility for the District to increase their available supplies.
Potential Supply Sources:
 Existing Exchange Partners - WWC, LSID, KTWD, City of Visalia, City of Tulare
 Potential RWA Program Partners - Friant Division CVP contractors
 Recirculation Return Partners - TLBWSD/Lake Bottom
 Surplus KSJRA Water Partners - Consolidate Peoples DC, Wuchumna WC
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KDWCD previously estimated in their Water Resource Investigation (WRI) Study that
the long-term overdraft in the District was roughly 7 thousand acre-feet (TAF)/year7.
With the reduction of Delta supplies to lands west of the District this overdraft may have
doubled since 2007. Also the average annual reductions anticipated from SJR
Restoration have been estimated as 14.4 TAF/year for a total deficit of somewhere near
37 TAF/year. If it is assumed that the net increase in water deliveries from the Visalia
WWTP exchange is 8 TAF/year, the new RWA Program is 8.5 TAF/year, and future
basins would be capable of recharging an additional 15 TAF/year of floodwater. This
would indicate that the District appears to be in the market to acquire approximately 3-9
TAF/year. Funding for the effort to obtain additional water supplies could be developed
through a Prop 218 Election so that when the opportunity presents itself the District is
ready to act.
12.7.2 Main Intake Canal Facilities
Although it does not appear that the capacity in the MIC needs to be expanded, the age
of the major components of the MIC system will need to be rehabilitated in the near
future. There is no way to predict when aging infrastructure will finally fail. However
when it can be seen to be in significant decline it is time to plan for how the facilities will
be rehabilitated and what contingencies can be developed for when they do fail. The
time to decide how the key pieces of the MIC should be rehabilitated and how they will
be financed is now and not after they have failed. If the District waits for their failure
before taking action, the District may not be able to deliver water in a year with available
water. The FKC Diversion, WWC Siphon, Rocky Ford Diversion, St. Johns River
Siphon, Kaweah River Siphon, TIC Siphon, and Crocker Cut are all facilities that appear
to need rehabilitation in order to ensure their usefulness to the District for the next 50
years. The rehabilitation and improvement of these facilities would likely be a part of a
Prop 218 Election given the large capital costs necessary and that they benefit the
District’s entire service area.
12.7.3 Finances
District Assessments have been held the same since the passage of California’s
Proposition 218 (mid 1990s) and water charges have been held to a competitive level
with groundwater pumping costs. The average annual revenue for the current and U.S.

7

2005 update of the KDWCD WRI, Table 77, value for Hydrologic Unit V, Specific Yield Method water
balance.
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Environmental Surcharge assessments consists of $1.0 million and $1.1 million
respectively. Viewed differently, the District’s assessments are approximately $30/acre
over 70,000 acres. Water supply costs to growers have been $33/AF since 2005.
Below are a few other CVP district assessment and water supply rates from 2010 for
comparison:




Delano-Earlimart ID
Shafter-Wasco ID
Lower Tule River ID

$72.50 per acre
$43.50 per acre (Ag parcels)
$34.92 per acre

$50 – 65/AF;
$50 – 65/AF;
$40 – 75/AF;

Currently the District’s finances appear stable within the planning window and revenues
are mostly developed from assessments and water charges. The District’s expenses
appear to be increasing at a rate less than the Consumer Price Index over time, but if
significant new projects or efforts are undertaken adjustments will need to be made to
provide the needed funding.

12.8 Summary
The priority projects identified in this study are three very different kinds of projects and
are all priorities to the District. These projects also require very different amounts of
capital for development and for that reason it is likely that the District will attempt to
undertake these projects as grant funding opportunities become available. Therefore it
appears that the District will pursue parallel tracks with these efforts as they are all
significant to District priorities.
Assessments, water rates and grant funds are the three major components involved in
crafting a feasible funding plan to implement District goals. Eeach one of these
components can be more or less involved in the effort depending on how the District
decides to proceed. It appears that with some adjustments to the District’s current
assessments and water rates it will be feasible to develop the priority projects and
efforts the District wishes to pursue. However, grant funding from the USBR or DWR
would significantly accelerate the timing of many of the priority projects.

T12-8
\\ACCTSERVER\Engineer\O. Grant Projects\01 Bureau SOR Study\Final Report\131105 SOR Study Report.docx

TULARE IRRIGATION DISTRICT

BIBLIOGRAPHY

2013 SYSTEM OPTIMIZATION REVIEW STUDY REPORT

BIBLIOGRAPHY
Evans Ditch Company. 1990. Agreement with City of Visalia.
Furgo West, Inc. 2007. Water Resources Investigation of the Kaweah Delta Water
Conservation District.
Provost & Pritchard. 2003. Technical Memorandum on Main Intake Canal Choke Point
Analysis.
Steiner, Daniel B. 2009. Memorandum on Revised Water Supply Impact Analysis,
Friant Restoration Flow Studies (Method 3.1 + 10%).
Tulare Irrigation Company. 1991.
Agreement.

City of Visalia and Tulare Irrigation Company

Tulare ID. 1954. City of Tulare and Tulare Irrigation District Substitution of Facilities
Agreement.
Tulare ID. 1988. Lindsay-Strathmore Irrigation District and Tulare Irrigation District
Water Exchange Agreement.
Tulare ID. 1989 – 2009. Tulare Irrigation District Financial Statements with Independent
Auditor’s Report.
Tulare ID. 1990-2009. Tulare ID Crop Survey Report.
Tulare ID. 1990. City of Visalia, Kaweah Delta Water Conservation District and Tulare
Irrigation District Packwood Creek Agreement.
Tulare ID. 1993-2010.
Summaries.

Tulare ID Semiannual Groundwater Monitoring Information

Tulare ID. 1994-2010. Tulare ID Transfer and Exchange Records.
Tulare ID. 2001. City of Visalia – Tulare ID – Kaweah Delta WCD Agreement.
Tulare ID. 2001. Kaweah Delta Water Conservation District and Tulare Irrigation District
Agreement on Basin Use.
Tulare ID. 2005. Renewal and Update of City of Tulare and Tulare Irrigation District
Substitution of Facilities Agreement.
Tulare ID. 2008. Draft - The Acquisition of Watchumna Water Company Stock
Tulare ID. 2010. Agreement for Water Management Program Between Kern-Tulare
Water District and Tulare Irrigation District.

\\ACCTSERVER\Engineer\O. Grant Projects\01 Bureau SOR Study\Final Report\131105 SOR Study Report.docx

TULARE IRRIGATION DISTRICT

BIBLIOGRAPHY

2013 SYSTEM OPTIMIZATION REVIEW STUDY REPORT

Tulare ID. 2011. General Factual Summary on the Martin Ranch and Rayo Water
Company.
Tulare ID. 2011. Summary of Tulare Irrigation District v. Lindsay-Strathmore Irrigation
District, Supreme Court of California 1935.
Tulare ID. 2011. Historical Water Sales Rate (Contract Years 1965-2010).
Tulare ID. 2011. Area Pipeline Development Records.
Tulare ID. 2011. Delivery System Limitations Evaluation.
USBR Mid-Pacific Region and CA DWR. 2003.
Storage Investigation, Dry Creek Reservoir.

\\ACCTSERVER\Engineer\O. Grant Projects\01 Bureau SOR Study\Final Report\131105 SOR Study Report.docx

Upper San Joaquin River Basin

APPENDIX A
2009 & 2010 Crop Mapbooks

APPENDIX B
District Capacity Mapping and Information

APPENDIX C
More Detailed Information on Estimated Water Supply Impacts
to Friant Division CVP Contractors

APPENDIX D
2011 Strategic Planning Initial Summary Document

APPENDIX E
Strategic Planning Effort Matrix

APPENDIX F
2010 Groundwater Management Plan

APPENDIX G
Potential Groundwater Basin Project Maps

APPENDIX H
Potential Groundwater Basin Project Cost Estimates

APPENDIX I
Potential Main Intake Canal Project Maps

APPENDIX J
Potential Main Intake Canal Project Cost Estimates

APPENDIX K
Potential Area Pipeline Project Maps

APPENDIX L
Potential Area Pipeline Project Cost Estimates

APPENDIX M
2013 Title X, Part III Grant Application

APPENDIX N
Strategic Planning Presentations and Agendas

Appendix 7

7E

Appendix Y.1 – Y.4 Recharge Project Data

