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The Equus Beds alluvial aquifer is the primary water source for Wichita, Kansas and

surrounding communities. Hydrostratigraphic features may significantly influence the
distribution and transport of a contaminant brine plume (CI" > 2000 mg/L) that threatens
the aquifer. Conventional geophysical and drillers’ logs have been used to characterize
aquifer geology, but do not allow for detailed assessment of preferential lateral flow and
irregular plume margins in heterogeneous sediments. Direct-push electrical conductivity
(DP-EC) logging can detect thin, interbedded layers, and also identify the presence of
conductive contaminants. This study evaluated the ability of DP-EC logging to refine
existing models of contaminant distribution in the aquifer. Five DP-EC profiles were
obtained along a transect across the plume margin and compared to adjacent conventional
drillers’ logs. A baseline EC log from an uncontaminated part of the aquifer corroborated
the presence of three dominant sand layers and thin bounding clays identified in drillers’
logs, and revealed new information about the layers. High EC values (>200 mS/m)
associated with the clay layers in this profile were observed at similar depths in the other
profiles, supporting previous assumptions of restricted vertical brine movement within
the aquifer. In several cases, the EC logs identified additional clay layers or high

permeability zones within clay layers, and clarified discrepancies between adjacent
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drillers’ logs. Brine samples were collected at three depths near each EC log. The lateral
specific conductance and Cl gradients observed across the site were coincident with
increases in EC logs at depth. Associated EC values (<80 mS/m) in the most
contaminated sand layers were below those for clay, identifying possible contaminant
levels variations. The study demonstrates that EC logs may be used to better characterize

and monitor brine migration in the aquifer.
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CHAPTER 1
INTRODUCTION

Chloride contamination of aquifers from natural and anthropogenic sources is a
concern for many communities that rely on aquifers as their main source of freshwater.
The detection and monitoring of chloride contamination to mitigate contaminant
migration have become important aspects of maintaining and protecting aquifers. The
Equus Beds Aquifer is the sole groundwater source for the Kansas communities of
Wichita and Hutchinson, and is threatened by overuse and chloride contamination from
existing oilfield brine pits and Permian salt deposits (Myers et al., 1996). Local wells
have drawn down the aquifer to levels that may allow the migration of the chloride
contamination into the freshwater areas of the aquifer. Remediation efforts in place to
mitigate contamination include an artificial recharge system to replenish the aquifer and
prevent the migration of the plumes. Monitoring wells have also been installed to
evaluate the temporal changes in groundwater quality in the aquifer (Ross Schmidt et al.,
2007) and the effectiveness of the remediation efforts. Fine-scale pathways of relatively
high hydraulic conductivity may allow faster chloride ion migration. These pathways,
which are not easily identifiable from existing data, complicate remediation efforts, and
have been largely ignored. Identification of such migration paths is important, given the
nature of the recharge project and the fully penetrating public water supply wells. This
research examines direct-push electrical conductivity as a tool for identifying the
presence and distribution of these preferential pathways, and illustrates their importance

in chloride migration models of the Equus Beds Aquifer.



1.1 Need for Subsurface Characterization of Aquifers

Fine-scale hydrostratigraphic features have been shown to be an important factor
in the prediction of contaminant transport in other studies (e.g. Schulmeister et al., 2003),
however the characterization of these fine features is not routinely conducted due to high
cost, limited technology and physical inaccessibility. Much of the current
characterization is derived from drillers’ observations of the material present in the auger
cuttings as they are brought to the surface during the installation of individual wells in the
area. The associated drillers’ logs reflect the on-site geologist’s experience and may vary
in detail and interpretation. Auger cuttings provide general stratigraphic information, but
often they cannot detect fine clay or sand lenses that c;)uld affect contaminant transport.
Sediment cores may be obtained during drilling using a hollow auger with a sampler that
is advanced through a removable plug. The sampler can then be retracted and opened,
revealing the hydrostratigraphic features of the strata in a continuous sample. These
continuous cores can be used to identify the presence of fine clay and sand lenses.
Obtaining the complete, intact core in coarse unconsolidated sediment is problematic,
however, as the loose materials commonly fall back into the borehole upon retrieval
(Sara, 2003). As an alternative, arrays of monitoring wells can be used to obtain
numerous soil and groundwater samples. These wells are expensive to install and are
often too far apart to detect the migration paths of chloride contamination through the
alluvium. A cost effective means of identifying these migration pathways is needed.

Direct-push (DP) technology has been demonstrated to effectively characterize

fine-scale hydrostratigraphic details in unconsolidated low-salinity aquifers. When fluid



salinity is high, variations in the fluid chemistry can also be detected using EC logs
(Schulmeister et al., 2003). Saline fluids are electrically conductive, creating a positive
response to the current imposed by DP-EC. In areas where the groundwater chemistry
varies spatially, such as in the Equus Bed Aquifers, the distinction between clay and
saline solutions, is harder to predict. In contaminated areas, the chemistry of the
groundwater may become the predominant cause of the fluctuations in the EC logs and
may mask the EC response associated with hydrostratigraphic features.

The goals of this study were to assess the effectiveness of DP-EC in identifying
the presence of fine-scale hydrostratigraphic pathways in aquifers that possess both clay
and high salinity fluids, and demonstrate how EC logs and groundwater samples can be
used to create models of chloride migration and the aquifer’s hydrostratigraphic features.
1.2 Direct-push Technology

Direct-push methods have been used for subsurface characterization for several
decades (Sara, 2003) and have many advantages over conventional drilling approaches.
DP methods do not require an existing well or borehole. The DP rig used in this study is
a track-mounted, hydraulic slide and percussion hammer that is used to push a series of
threaded rods into the subsurface. The footprint of the self-contained DP rig is less than
35 square meters (Geoprobe Systems, 2011), so the rig can be utilized in many locations
without disturbing the locale. Since the rods are pushed into the ground, the method
produces a minimal amount of waste since there are no auger cuttings to remove (Sara,
2003). The DP method also does not require drilling fluids be introduced into the holes
as is common in some conventional drilling methods. The unit is self-contained and does

not need support equipment or require a large crew, reducing the cost of obtaining the



information needed to characterize a site. An EC probe can be fitted at the bottom of the
rods and then driven into the ground to continuously record the electrical conductivity as
the probe is advanced (Figure 1). Alternatively, a geochemical profiling screen with

expendable solid tip can be used to extract fluid samples from a given depth (Geoprobe,
2001). The versatility and convenience of DP technology enhances the opportunities for

site assessments.

Figure 1. Direct-push unit and electrical conductivity probe (inset). The electrical
conductivity of the strata (right) and probing speed (left) are logged continuously
and reported at intervals of 0.5 feet (Schulmeister et al., 2003).
1.3 Direct-push Electrical Conductivity

Direct-push EC logging can be used for subsurface characterization (Karklins,
1996; McCall, 1996; Fetter, 2001; Schulmeister et al., 2003; Ohio EPA, 2005). DP-EC
was developed in the mid-1990s (Christy et al., 1994). The EC probe is threaded on a

series of hollow steel rods that are pushed into the ground to the prescribed depth. The
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EC probe consists of a solid point probe with a dipole and Wenner array configuration to
measure electrical conductivity (Figure 2). As the EC probe is advanced, a current is
applied to the two outer electrodes and voltage is measured across the two inner
electrodes. Given the applied current and the measured voltage, EC is calculated to
produce a continuous log of the EC and depth (Geoprobe Systems, 2008). EC values are
measured every 0.02 m and a potentiometer mounted on the mast of the DP unit tracks

the depth and speed of advancement of the probe.
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Figure 2. EC probe with Wenner array. An electric current is sent through the
two electrodes and the voltage is measured across the other two. The ratio of
current to voltage times a constant is the conductivity, measured in milli-Siemens
per meter (mS/m) (Geoprobe Systems, 2008; modified by Neshyba-Bird, 2012).
There are several advantages to using DP technology for subsurface
characterization over conventional borehole methods. The continuous log allows for the
collection of detailed EC profiles, which provides insight concerning the lithologic
structures in situ, as opposed to the conventional means of interpreting auger cuttings
returned to the surface. The addition of an EC probe allows EC data to be captured as the

probe is advanced into the subsurface. The time required for set up at a site is

approximately one hour, and several logs can be obtained at a single site in one day. The



EC logs can then be used to characterize the fine-scale hydrostratigraphic features of the
area. Also, pre-existing access wells required by other geophysical approaches are not
necessary.
1.4 Using Electrical Conductivity to Detect Hydrostratigraphic Features

Electrical conductivity of aquifer materials is controlled by the salinity of the fluid
residing in the pore spaces and the composition of the unconsolidated sediments. When
the fluid chemistry is dilute, sediment composition is the main factor in determining the
variations of the conductivity logs (Schulmeister et al., 2003). The collection of in situ
EC logs is the key to identifying fine-scale hydrostratigraphic details such as clay lenses.
The EC values can be used to identify the type of sediments based upon the conductivity
of the materials. Clay particles conduct electricity because of their electrostatic charge,
chemical composition and small particle size. Silt, sand, and similar covalently bonded
geologic materials are not good conductors of electricity and produce a low conductivity
signal. DP-EC technology uses this disparity to distinguish the fine-scale
hydrostratigraphic features of sediments with a fairly dilute, homogenous fluid (Figure
3). DP electrical conductivity logs have been used to distinguish fine layers of clay and
silt interspersed in sand/gravel alluvium (Schulmeister et al., 2003). Clay layers as thin
as 0.025 m have been identified using DP-EC (Schulmeister et al., 2003).

Chloride (CI') ions are electrically charged. Fluid containing high concentrations
of chloride ions will conduct electricity. Since DP-EC signal is greater in clay deposits
and is lower in sand and gravel deposits, areas of high chloride ion levels will present a

clay-like profile (Schulmeister et al., 2003). A comparison between EC logs, established



lithologic stratum, and CI” concentrations in the groundwater allow high chloride

concentrations to be predicted using EC logs.
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Figure 3. Example electrical conductivity log and its relationship to site
stratigraphy (Schulmeister et al, 2003).

1.5 Direct-push Geochemical Profiling Technology

DP technology is also used to characterize the groundwater geochemistry (Hess,

2005). To obtain samples of groundwater for Cl” or other solute analysis, Direct-push

geochemical profiling may be used. A geochemical profiling screen with expendable

solid tip can be fitted at the bottom of the hollow rods (Figure 4). The rods are then

driven into the ground and when the prescribed depth is reached, the expendable plug is

detached and the rod is retrieved to expose the desired screen length (Figure 4). Once the

DP installation is purged, a fluid sample can be collected using a peristaltic or check-

value pump.
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Figure 4. Geochemical profiling screen insert (modified), (Geoprobe, 2001).

DP geochemical profiling modifications allow reliable field samples to be
obtained quickly from discrete zones (Hess et al., 2005) and, when coupled with EC logs,
have been shown to be an effective means of characterizing inorganic constituents
(Schulmeister et al., 2004). The EC logs can be compared to the chloride concentrations
of samples obtained by geochemical profiling at specific depths. Coupling EC data with
fluid samples obtained in the DP probe holes provide a means of distinguishing the fluid
chemistry fluctuations from the hydrostratigraphic features. This distinction may enable
the delineation of the chloride contaminant boundaries and determine the contaminant
movement through the groundwater.

1.6 Equus Beds Aquifer
The Equus Beds Aquifer is a local aquifer located in South-Central Kansas
(Figure 5). The aquifer is a major groundwater source for Wichita, Kansas. It is the only

source of drinking water for many of its surrounding communities (Ross et al., 2007).
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Figure 5. Map of South-Central Kansas shows the contamination study area (box)
with reference to its location within the Equus Beds Aquifer and existing monitoring
well field. The aquifer boundary has been truncated in Reno, Sedgwick, and Rice
counties.
1.6.1 Hydrologic Setting of the Equus Beds Aquifer

The south-central area of Kansas has a temperate climate and averages 28-32
inches of precipitation per year (Hansen et al., 2003). Most of the precipitation occurs in
the spring as rain or in the winter as snow, which recharges the aquifer via infiltration.
Other sources of recharge are seepage through the beds of streams and rivers, downward
percolation of irrigation water and groundwater inflow from underlying permeable rock.
The average annual runoff for the area is 10 inches and includes surface and ground

discharge into streams. Valley fill located along the Arkansas River is considered part of

the aquifer when it is hydraulically connected to it. The valley fill allows water to flow
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directly between the stream and aquifer and back. Hot, dry summers cause water loss due
to evapotranspiration. The specific yield of the Equus Beds Aquifer, which is the ratio of
the volume of water that the saturated aquifer material would yield by gravity to the
volume of the aquifer material (Fetter, 2001), is estimated as 20 percent (Hansen et al.,
2006). Inthe Wichita well field, the aquifer consists of about 80 percent solid materials
and about 20 percent open pore space where ground water is stored (Stramel, 1956).

The Little Arkansas, Arkansas and Ninnescah rivers, as well as several smaller
creeks drain the area overlying Equus Beds. Cheney Reservoir is located on the southern
edge of the aquifer. It was built on the north fork of the Ninnescah River by the Bureau of
Reclamation, U.S. Department of the Interior between 1962 and 1965. The reservoir
serves as an additional water source for Wichita, and recharges the aquifer by infiltration.
The hydraulic gradient of the aquifer has increased from 12 feet/mile to 8 feet/mile since
1992, when the City of Wichita began to utilize Cheney as a major source of surface
water (Ziegler, 2010) and limit its pumping from the aquifer.

The depth to water table has varied significant over the past 20 years. Record low
water levels were recorded in 1992, but the water table is recovering significantly
(Ziegler, 2010). The depth to water is shallowest near the Arkansas River (10 feet). The
level is deeper towards the Little Arkansas River, depending upon the elevation and
pumping activity. (Ross Schmidt, 2007). There is a diversion dam on the Little Arkansas
River, which provides a source of recharge for the aquifer.

1.6.2 Geologic Setting of the Equus Beds Aquifer
The Equus Beds Aquifer consists mainly of unconsolidated Quaternary and

Tertiary sand and gravel (Young et al., 2001) deposited as stream bed alluvium on
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Cretaceous and Permian rocks consisting mostly of shale, sandstone, gypsum, anhydrite
dolomite, limestone and halite (Williams et al., 1949). The Equus Beds Aquifer is
considered part of the High Plains Aquifer, which is located throughout portions of
Western Nebraska, Western Kansas, Eastern Colorado, Northwest Texas and the
Oklahoma Panhandle (Hansen et al., 2003). In general, the aquifer consists of three
layers of sand and gravel. The unconsolidated layers of sand and gravel are interspersed
with thin layers of silt and clays (Hansen et al., 2003). The aquifer’s saturated thickness
generally exceeds 30 m (100 ft) and is as thick as 76 m (250 ft) in this area (Whittemore
etal., 2007). These layers may act as a leaky confining layer at best, because of their
limited thickness, discontinuity or complete absence (Young et al., 2001). The
McPherson channel consists of unconsolidated sediments, which creates a trough that
provides a pathway for groundwater movement through the aquifer (Ross Schmidt,
2007).
1.6.3 Chloride Contamination Threat

Two separate saltwater sources are threatening the Equus Beds Aquifer. The
southern plume is caused by naturally high chloride levels derived from the dissolution of
Permian salt deposits (Young et al., 2001). Groundwater percolates through the salt
layers dissolving the salt and other minerals. The salinity increases when this
groundwater is hydraulically connected to the aquifer (Rubin et al., 2001). Currently, the
salinity of groundwater increases westward from the Arkansas River, where it reaches
levels considerably above 500 mg/L. (Whittemore et al., 2007). The Kansas Department
of Health and Environment (KDHE) maintains that levels above 500 mg/L are not

suitable for irrigation and public consummation. The Arkansas River acts as a confining
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unit, keeping the higher salinity water from mixing with the freshwater east of the river.
A recent study (Young et al., 2001) indicates that the Arkansas River confining unit may
have been breached northwest of Hutchinson, allowing the higher levels of saltwater to
be introduced into the Equus Beds freshwater aquifer to the east (Figure 5).

The northeastern contamination is derived from the residuals of oil field brine pits
near Burrton, Kansas (Whittemore et al., 2007). Oil-field brine pits were commonly used

in the 1930s to dispose of the saltwater brines accompanying oil production (Whittemore

et al., 2007).
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Figure 6. Saltwater contamination in south-central Kansas within study area
indicated (Young, et al, 2001).

In the case of the Burrton oil pits, the rate of brine infiltration into the aquifer was
relatively high because the silt and clay layers overlaying the aquifer are relatively thin.
In some cases, the bottom of the pit may have actually breached the sand and gravel

layers of the aquifer (Whittemore et al., 2007). Salt concentrations up to 2000 mg/L



have been identified (Figure 7; Klock, 2007, Whittemore et al., 2007). The
contamination in the shallow aquifer is being diluted by rainwater and recharge. At the
lower depths, the contamination has migrated laterally (Whittemore et al., 2007),
generally to the east. The lateral migration is dependant upon many factors including the
aquifers hydraulic gradient, chloride concentration, and the presence of fine-scale
pathways that would facilitate the lateral migrations, resulting in irregular encroachment
boundaries. Chloride contamination in the groundwater has migrated down-gradient over
three miles during the past 45 years (Ziegler et al., 2010). The declining water levels due
to overuse and drought have allowed the contaminated water to approach the limits of the
freshwater in the aquifer (Young et al., 2001, Hansen et al., 2006, Ross Schmidt et al.,
2007, Ziegler et al., 2010). The chloride contamination had reached levels of 500 mg/L

near the Reno/Harvey County boundary at the middle depths (between 15 m to 46 m).
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Figure 7. Burrton Oil Field map (Klock, 2007) depicting the mid-level migration of
the chloride contamination between 1998-2006. The chloride has migrated
southeast towards the City of Wichita municipal wells (blue squares). Groundwater
chemistry is monitored in existing monitoring wells (blue dots).
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The Kansas Corporation Commission maps modeling chloride contamination in the
shallow and deeper areas of the aquifer are included in Appendix B.
1.6.4 The Equus Beds Groundwater Management District #2

The Groundwater Management District #2 (GMD#2) was authorized by the
Kansas legislature in 1972 to manage the Equus Beds Aquifer. GMD#2 operates
according to two principles. The first is the concept of safe-yield where withdrawals are
limited to annual recharge. The second is to maintain the natural water quality by
remediation and protection (GMD#2, 2011). The GMD#2 has installed multiple
monitoring wells, which are sampled at least biannually to determine the water quality
and quantity of the aquifer (Boese, 2009). GMD#2 is also responsible for setting
pumping limits for local water wells.
1.6.5 City of Wichita and Surrounding Communities

The Equus Beds Aquifer is the primary water resource for Wichita and its
surrounding communities. Over 17,000 acre-feet per year are pumped from the aquifer
annually to supply municipal needs (Hansen, 2006). Additional amounts exceeding
20,000 acre-feet per year are also withdrawn by irrigation wells (Hansen, 2006). The
storage volume of the aquifer declined over 250,000 acre-feet from between 1940 and
1992 (Hansen, 2006). Overuse has led to a decline in groundwater quality due to the
migration of saltwater from nearby areas of contamination (Rubin et al., 2001; Ziegler et
al., 2010). In 1993, the City of Wichita changed it water use policy and began to rely
more on surface water and less on the aquifer (Ziegler et al., 2010). Large-scale recharge
and recovery efforts by Wichita and the U. S. Geological Survey are underway to protect

and sustain the aquifer (Ross Schmidt ct al., 2007) and to accommodate projected
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population growth. Remediation includes an artificial recharge system (ASR), which is
replenishing the water in the aquifer, and may prevent further encroachment from the
contaminated water (Ziegler et al., 2010). These efforts to remediate the aquifer are
confounded by the threat of chloride contamination from the multiple sources (Young et
al., 2001) including the Burrton oilfield brine pit.
1.6.6 Artificial Recharge Storage and Recovery (ASR)

In 1997, Wichita started a study on the feasibility of artificially recharging the
Equus Beds Aquifer. It created two recharge sites: one nearby the City of Halstead, the
other in Sedgwick County. These sites divert excess water from the Little Arkansas River
(Ross Schmidt et al., 2007). After the water is treated, it is inserted in the aquifer via
basin, trench and injection wells. During its testing period (1997-2002), the artificial
recharge contributed 3% of the municipal use by Wichita (Ross Schmidt et al., 2007).
The feasibility study results, which showed localized water level increases near the
Halstead and Sedgwick recharge sites, ended in 2002, but recharge continues when the
stream flow of the Little Arkansas River permits. Starting in March 2007, Wichita began
its large-scale artificial recharge program, adding 1,933 acre-ft of water into the aquifer
from its various sites (Hansen, 2009). The plan for full production will add millions of
gallons of water per day that would be available for city use during times of need.
1.7 Goal of the Study

This study examines the importance of sediment composition and fluid chemistry
in influencing EC profiles by first correlating DP-EC logs obtained in low and high CI’
regions of the aquifer against known lithologic logs obtained from existing GMD and

City of Wichita monitoring wells. Analyzing the EC logs and fluid samples obtained in



the DP probe holes provides a means of distinguishing the fluid chemistry fluctuations
from the hydrostratigraphic features. This distinction enables the delineation of the
chloride contaminant boundaries and the contaminant movement through the

groundwater in the upper part of the aquifer.
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CHAPTER 2
METHODS

This chapter outlines the design and methods (field, lab and analytical) used in
this study. It describes the rationale for site selection, and the methods that were used to
collect information to determine the effectiveness of DP-EC logs in evaluating chloride
contamination and identifying fine-scale hydrostratigraphic pathways that would enable
the contamination to migrate.
2.1 Experimental Design

A transect through the Burrton oil field brine plume was selected for the
evaluation of DP-EC logging and geochemical sampling (Figure 8). EC logs were
obtained within 15 meters of selected wells along an east-west transect that crosses the
contaminant plume (Figure 8). The logs were obtained at a target depth of 34 m, which
approach the limitations of DP unit. The EC logs were compared to driller’s logs from
nearby monitoring wells, to identify the relationship between sediment types and EC
signals. To assess the influence of C1 contamination signals on the EC logs, side-by-side
comparisons between EC and lithologic logs were created for each probe location.

Additionally, cross sections that span the entire transect were created using the all
drillers’ and EC logs data to aid in the chloride migration assessment. Groundwater
samples at each of the five locations were collected from three sand layers using a DP
geoprofiling tool. Specific conductance (SpC) and chloride concentrations were
measured in these samples. Specific conductance measures the ability of the fluid to
conduct clectricity due to the dissolved ions present in the water and can be directly

compared to clectrical conductivity measurements obtained during clectrical conductivity
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logging. Because chloride was expected to significantly influence SpC, chloride
concentrations and SpC values were compared. Since the fluid SpC contributes to the
electrical conductivity signal of the producing layers, the specific conductance of the
fluid samples was compared to the EC at the sampled depth (averaged over the screen
length) to establish their relationship. The EC probes measures the electrical conductivity
of the substance it pass through in millisiemens per meter (mS/m). EC is affected not
only the by sediment types, but also by the presence of fluid and dissolved mineral
concentrations. Once the EC-SpC relationship was quantified, the chloride concentration

could then be modeled. A geochemical cross section was constructed from these data.
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2.2 Site Selection

Deep wells (deeper than 50 meters) with detailed drillers’ logs (WWCS5, 2009)
located along an east-west transect that crosses a contaminant plume between Burrton
and Halstead, Kansas (Figure 8) were chosen for this study. The selected well locations
are close to Wichita municipal or GMD#2 monitoring wells, with multiple wells of
varying depths located at each site (except P29 — which has only one well). Water well
completion records and drillers’ logs obtained from the Kansas Geological Survey Water
Well Completion (WWC) database and GMD#2 (Boese, 2009) for this study are included
in Appendix B. The drillers’ logs have been used in previous studies to construct a model
for the Equus Beds Aquifer in this area that indicated the aquifer consisted of three sand
layers interspersed with clay lenses and separated by clay layers of varying thicknesses
(Ziegler et. al., 1997). Multiple well logs, representing various depths, were available for
four of the five locations. The deepest wells logs were used to create the lithologic
profiles. The drillers’ logs were detailed, although some co-located logs had different
interpretations of the material found in the cuttings, illustrating the difficulty using
drillers’ logs for lithologic study at this site.

The five locations (IW09, EB14, EB08, P29, EB02) along an east-west transect
were chosen to cross the contaminant plume from an area of low salinity towards higher
salinity, as inferred from a model obtained from the Kansas Corporation Commission
(Figure 7). DP-EC logs were obtained within 15 m of each well. The fieldwork was
conducted in two sessions: June 23-26, 2009 and July 7-8, 2009, due to scheduling
conflicts and equipment availability. The naming convention adopted for the EC and

geochemical profile locations were the well identifiers preceded by the letters LB:
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LBIW09, LBEB14, LBEBO08, LBP29, LBEB02. The easternmost groundwater sample,
LBIWO09 (least contaminated) was used to establish a baseline for the geochemical
profiling, as well as EC logs. The chloride concentrations in the samples collected at this
location were compared to the concentrations from the other well locations in an attempt
to characterize the presence and extent of the chloride contamination in the upper levels
of the aquifer.
2.3 Field Methods
2.3.1 Direct-push Electrical Conductivity

A Geoprobe model 6610 DT Direct-push Unit was used to obtain the EC logs. A
probing depth of 34 m was chosen, based upon the lithologic model derived from the
drillers’ log and the limitations of the DP equipment. At the site EB14, the desired depth
was not obtained because the probe could not be advanced through a resistant stratum. A
SC400 Wenner array EC probe was used to obtain the logs.
2.3.2 Direct-push Geochemical Profiling

Groundwater samples were collected at two or three depths within two meters of
the EC probe locations at each DP geochemical profile location. The EC logs and cross
sections were used to identify the depths to the sand layers, in order to obtain
geochemical fluid samples. After evaluating the EC logs, samples were obtained at three
depths at each location that represented the three sandy zones within the aquifer.
Selected areas with low electrical conductivity (as indicated in the EC logs) were
sampled using a DP rod with an expendable point, and a three-foot sampling rod (screen-
point 30 DP) with 12 inches of vertically slotted screen exposed (Figure 3). The DP

installations were purged of more than three-rod volumes, sampled using a mechanical

[



22

actuator, and filtered in the field using a 0.45-micron filter. Samples were collected in
labeled, polyethylene bottles according to standard field methods (Sanders, 1998) and
placed in coolers on ice to maintain quality control. Samples were later stored in a
sample refrigerator at the Emporia State University (ESU) Hydrogeology Laboratory.
Chain of custody forms were completed in accordance with standard field methods
(Sanders, 1998). As described above, the samples were evaluated for chloride (CI")
concentrations and specific conductance (SpC) in the field.

After the EC logs and geochemical profiling activities were completed, the DP
and EC probe holes were grouted with an injection machine or bentonite chips. All holes
were plugged according to standard field methods (Sanders, 1998).

2.3.3 Field Analytical Methods

Because fluid chemistry influences the EC signal, both the chloride ion
concentration and specific conductance (SpC) were measured in all profiles. SpC was
measured in the field using a calibrated EC/TDS/Temperature meter (Model HI98311;
Hanna, 2009). All samples were analyzed for Cl” concentrations using two analytical
field methods to evaluate the accuracy of the field methods. Analysis conducted with the
Hach Chloride QuanTab Test Strips (Hach, 2009) and Chemetrics Cl titret kits
(Chemetrics, 2009) were compared. The QuanTab test strips measured Cl” range
between 30-600 mg/L, within 10-20 increments. The Cl titret kits used mercuric nitrate
titrant in an acid solution with diphenylcarbazone as the end point indicator (Chemetrics,
2010). Three kits, with various titration ranges (2-20 mg/L, 20-200 mg/L and 50-500
mg/L), were used. The titret has a 10% error and the minimum detection level is equal to

the smallest unit of the range. Initially, the range was determined with the QuanTab test
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strip, and then the appropriate titret kit was used to determine the chloride concentration
in mg/L. Chloride values from each method ranged from 6 mg/L to 1130mg/L and were
consistently within 10 mg/L of each other. The average of both chloride values at each
depth was used in subsequent analyses. The average chloride concentrations and specific

conductance of the samples are shown in Table 1.

Sample Name Average Chloride Concentration SpC EC Depth
(bore—depth) (mg/L) (nS/cm) (mS/m) (Meter)
LBIW09-31 6 34.3 10.58 10
LBIW0S-50 6.2 38.8 10.09 15.1
LBIW09-96 187.5 1121 2494 27.2
LBEB14-24 72.5 1022 19.61 7.3
LBEB14-56 78.5 66.1  21.51 16.9
LBEB14-101 520 2104 N/A 30.5
LBEB08-33 225 1784 37.12 10
LBEBO08-55* 11.7* 054.2* 36.81 16.6
LBEB08-93 500 189 48.32 28.1
LBP29-35 230 130.5 26.13 10.6
LBP29-60 205 118.6 23.08 18.1
LBP29-95 1130 3929 53.28 28.7
LBEB02-40 700 2355 39.65 12.1
LBEB02-54 1128 3794 53.28 16.3
LBEB02-83 175 118.4  98.27 25.1

Table 1. These chloride concentrations, EC and Specific conductance results were
used in analysis. DP-EC was not available for LBEB14-101 due to EC probe
malfunction. (* Indicates deonized H,O added while obtaining this sample and
may have altered the chloride and SpC values; no other fluid could be obtained).

In samples where the chloride concentrations exceed the limits of the field

methods (over 500 mg/L), the samples were diluted with distilled water to achieve
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appropriate concentration that could then be quantified. The concentrations of both the
dilute and the original samples are recorded in the data tables located in Appendix D.
2.4 ESU Hydrogeology Laboratory Methods

At the ESU Hydrogeology laboratory, the field EC/TDS/Temperature meter was
calibrated using fresh calibration solution. All samples were retested for specific
conductance. The samples were also retested for chloride content using the Hach
Chloride QuantTab Test Strips (Hach, 2009) and the Chemetrics CI' Titret kits
(Chemetrics, 2009). SpC in field and ESU laboratory tests are well correlated
(coefficient of determination, R’=0.99) (Appendix G). The results from the external lab
can be found in Appendix H. In general, the external lab results were well correlated
with the field results (R* = 1.0). The field measurements for chloride concentrations less
than 20 mg/L tended to be significantly lower (< 4 mg/L) than the external lab results but
were within the intrinsic error for the field method. The field results for higher
concentrations were higher than the lab. Additionally, CI" in samples from LBIW09 and
LBP29 were measured using the Hach Spectrometer. These samples contained the least
and greatest chloride concentrations (respectively) at the site. The chloride values from
both methods (spectrophotometer and field) for LBP29 equaled 1 130 mg/L. The
concentrations obtained using the field methods for the lower contamination differed
significantly (6.2 mg/L and 14.9 mg/L).
2.5 Cross section Modeling Methods

Cross sections displaying hydrostratigraphic features, EC, CI" distributions and
modeled predictions were contoured with SURFER spatial modeling software

(Bresnahan, 2008). SURFER can produce a contour model of a cross section based on an
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input data file. In this study, there was greater resolution on the vertical axis provided by
the EC logs (data reported every 0.15 m to a depth of 34 m). On the horizontal axis, the
five locations where data was obtained spanned 10.2 kilometers. The contouring
software allows for the interpolation between the locations. These interpolations are an
approximations of the stratigraphy based on the input files. The SURFER interpolates
irregularly spaced XYZ data files into a regularly spaced grid (Bresnahan, 2008). Other
parameters used to create the grid file included the depth in m ASL (Y coordinate) and
the distance along the transect in kilometers (X coordinate). Given the disparity in the
amount of data available in the Y and X axis, an anisotropy of 0.1 (lowest possible) was
selected. The number of lines parameter included x-10, y = 1000 and a linear expression
was chosen. This grid file was then contoured with the SURFER.

A drillers’ log model was first generated. The different strata in the drillers’ logs
were assigned numerical values based on their expected conductivity. Sand was
assigned a value of zero. Sandy with some clay was given a value of 30. Silty clay was
given a numerical value of 60. Clay was assigned a value of 90. Numerical values were
assigned to strata depths and combined with location coordinates to create a model
lithology XYZ grid file. This numerical grid was then used as an input file to the
SURFER software, along with elevation above sea level (ASL) and distance along the
transect. The grid node values were approximated using the SURFER kriging option,
with an anisotropy ratio of one tenth. The low anisotropy value was chosen because the
amount of data representing the vertical (depth) was much greater proportionally than the
data obtained horizontally (five sites). The horizontal line parameter was set at 10, and at

50 for the vertical to accommodate the greater amount of vertical data. EC and CI’
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distributions were also compiled as cross sections using the same set of SURFER
parameters as used for the drillers’ log model. Electrical conductivity models were first
used to predict textural variations. Chloride models based on the relationship between
EC and SpC were then generated, and used to discern between fluid and clay
contributions to the DP-EC values. Sediment and chloride cross sections that assumed

typical aquifer porosities were created.
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CHAPTER 3
RESULTS

In this chapter, a comparison of the information collected by the EC study with
existing information about the site obtained from the monitoring well drillers’ logs are
presented. The different strata in the drillers’ logs were assigned numerical values based
on their expected conductivity. This information was then modeled. The EC logs are
presented in similar formats, so side-by-side comparisons can be made between the
drillers’ logs and the electrical conductivity logs. The geochemical profiles obtained at
each location are also presented in a line graph format.
3.1 Comparison of EC logs with Drillers’ logs

Profiles were created from the EC and driller’s log (Figure 9) for LBIW09 to
assess how useful EC logs can be in indicating hydrostratigraphic details. This location is
the most eastern well in the study, located adjacent to the Equus Beds Aquifer Storage
and Recovery Basin (ASR) and represents the location with the least contamination
according to the GMD#2 water quality report (Boese, 2009). The drillers’ log indicated
three sand layers separated by a thin clay lens at 426 m above sea level (ASL), and a
thicker clay layer between 414 m and 420 m ASL. The corresponding EC log profile
contains low conductivity zones that correlate with the sand layers. The thick clay layers
indicated in the driller’s log correlate with alternating high and low conductivity in the
EC logs. The EC log suggest that alternating sandy and clay-rich layers make up the
layer at 414 m, which was interpreted as a homogeneous clay by the driller. The EC log
indicated an area of clay at 427 m that correlates with a clay layer on the driller’s log at

this depth. The driller’s log also indicated a sand layer from 408 m to 412 m that
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correlates with an area of low conductivity on the EC log. Both logs indicate a clay-like

area below 408 m.
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Figure 9. Comparison of driller’s log (left), EC log (center) and lithology based on EC- Clay relationship at LBIW(09,
located on eastern edge (least contaminated) of the study transect. EC logs are truncated above 150 mS/m to reveal
details of the sand/clay interface.
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Progressing westward (Figure 8), the EB14 lithologic profile indicates three
coarse sand layers (Figure 10). Three drillers’ logs from adjacent wells (separated by <2
m) at this location are different from each other. The deepest log interpretation was used
to create the lithologic log. The log for EB14B indicates the upper sand layer (above 432
m ASL) is separated from the second layer (below 431 m ASL) by a clay/sand mixture
less than 1 m thick. In the driller’s log for EB14C, this clay/sand mixture at 431 m ASL
is absent. The second sand layer is confined on the bottom by a thick clay layer (between
424-426 m ASL) with a thin, inter-bedded silty-clay layer at 427 m ASL. Below this
clay, another sand layer, 5 m thick, extends to 419 m ASL. The EC log obtained at
LBEBI14 indicates a thin (< 1 m) area of higher electrical conductivity at 430 m ASL, but
the conductivity is not thought to be high enough to represent a clay lens. More likely,
this area of higher conductivity could be a sand /clay mixture. Since this layer is quite
thin (< 1 m), drillers’ logs from both EB14B and EB14C could be accurate, indicating the
upper layer located at 431 m ASL is a thin, discontinuous clay lens. An area of high
conductivity is located between 426 m ASL and 424 m ASL. The bottom area of the low
conductivity zone at 417m — 421 m ASL contains two area of higher conductivity (421m
ASL and 418 m ASL) suggesting that the clay layer depicted in the lithologic logs is in

fact composed of thin, discontinuous layers.




Figure 10. Comparison of driller’s log (left), EC log (center) and lithology based on EC- Clay relationship (right) at LBEB14.
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The vertical boundary is based upon the water table. EC logs are truncated above 150 mS/m to reveal details of the sand/clay

interface.
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The third location where EC logs were obtained is located | mile east and 1 mile
south of Burrton. Higher levels of CI” contamination (500 mg/L) were observed at this
location (Figure 8). The driller’s log for EBO8 indicated mostly sand with a small
amount of clay above 423 m ASL (Figure 11). A considerable clay layer consisting of
two clay partitions borders the sand strata. The first one occurred at 420 m ASL and is
approximately 1 m thick. There was a thin (< 1 m) band of sand below 420 m ASL. The
clay layer continued at 419 m ASL to 417 m. The bottom sand layer extended at least 7
m down and was separated from another sand strata at 409 m ASL by a thin (< 1 m) layer
of clay. The EC log for LBEBOS values associated with the sand layer above 423 m ASL
were much higher than that typically associated with sand (<50 mS/m). The EC log
indicated that this sand layer must have some clay or other highly conductive material
and consists of several bands of higher conductivity clay/silt lenses not more that 2 m
thick with interbedded layers of lower conductivity (sand). Some of these areas of
moderate conductivity may indicate chloride contamination, as the drillers’ logs indicate
a sand-producing layer. At 421 m ASL, two moderate EC layers (>90 mS/m) are
separated by a thin (< Im) zone of low conductivity. The high conductivity zone
probably acts as a confining layer for the sand strata located below 418 m that extends to
411 m ASL (Figure 11). This alternating sequence of high and low conductivity bands
that gradually thin may indicate a fining-upward sequence created as the alluvium was

deposited. Another interpretation may be each layer was deposited independently.
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Figure 11. Comparison of driller’s log (left), EC log (center) and lithology based on EC- Clay relationship (right) at LBEB0S.
EC logs are truncated above 150 mS/m to reveal details of the sand/clay interface.
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The fourth EC location was located 1 mile directly south of Burrton (Figure 8).
The lithologic profile based on the driller’s log of P29 indicated three sand and clay
layers (Figure 12). The upper clay layer at 432 m ASL consisted of a thin (< 2m) layer
with sand-clay margins, totaling two meters inclusive. The clay layer located at 428 m
ASL was thicker (>2 meters) than at 432 m ASL, with a mixture of sand and clay above
and below it. The bottom clay layer, at 410 m ASL, is represented more as a clay layer
that does not extend laterally towards the east based on comparison with the other logs
(Figures 10 and 11). Comparing the driller’s log to the EC log reveals that the middle
clay layer above 426 m through 428 m was thicker than expected. However, the bottom
clay layers (located between 405 and 410 m ASL) are really two separate lenses. The EC
logs indicate the presence of higher conductivity material in the middle sand layer. The
higher EC values (>50 mS/m) of the middle sand layer may indicate either the presence
of clay or saline groundwater. It may also indicate the presence of other conductive
minerals including gypsum. Another interpretation is that the alternating bands of low
and high conductivity that trend higher as the depth increases (415-402 m ASL) may

indicate a sequence of fining upward deposition.
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Figure 12. Comparison of driller’s log (left), EC log (center) and lithology based on EC- Clay relationship (right) at LBP29.
EC logs are truncated above 150 mS/m to reveal details of the sand/clay interface.
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The final location where EC logs were obtained is located in the high CI’
contamination west of Burrton (Figure 8). The Equus Beds monitoring well EB02 is
located one and one-half miles south and west of the oil brine pit. The lithologic cross
section derived from the drillers’ log at this contaminated location indicated two sand
layers separated by clay layers (Figure 13). The clay layer between 406 - 418 m ASL is
depicted as a thick (12 m) clay layer with silty clay interspersed in the bottom 4 m. A
clay lens less than 1 m thick at 427 m ASL separates the upper and lower sand layers.
The EC log obtained at this site is likely to reflect higher salinity conditions. On the EC
log, the upper section of the sand layers between 433 - 427 m ASL contains EC values
less than 30mS/m, indicating sand. The lower sand layer appears to be saline as EC
values are 20 higher times at this depth. At 418 - 423 m ASL, the EC values are over 90
times higher than observed at similar depths. This may indicate a saltwater lens above
the clay layer at 416 - 417 m ASL. The driller’s log indicated thick clay and sand layers
corresponding to the layers present in LBEBO8, however, the EC log profile appears to
indicate the presence of finer grained material with many dark lines representing areas of
high conductivity (over 90 mS/m). These dark lines may indicate clay layers, while the

grey color (the mid-range EC values) could be indicating increased chloride content.
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Figure 13. Comparison of driller’s log (left), EC log (center) and lithology based on EC- Clay relationship (right) at LBEBO02.
These logs were obtained from the western-most, contaminated part of the study transect. EC logs are truncated above 150
mS/m to reveal details of the sand/clay interface.
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3.2 Electrical Conductivity Logs

Side-by-side comparisons of the EC logs from each location (Figure 14) indicate
that the middle clay layer is the most continuous clay layer in the study area. This layer
may restrict vertical groundwater movement in the aquifer. This clay layer is quite
evident in the EC logs for LBIW09, LBEB14 and LBEBO0S. In the log for LP29,
however, the clay layer shows up at a higher elevation (above 425 m ASL) as opposed to
below 425 m ASL at the first three locations. The western most location LBEB02
indicates a very small area of higher conductivity in the middle strata (426 m ASL) less
than 1 m thick. The western EC locations (LBP29 and LBEB02) have higher levels of
conductivity in the depths described as sand layers on the drillers’ logs. These areas of
higher conductivities (approaching 100 mS/m) may indicate higher levels of chloride

contamination migrating between clay lenses.
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3.3 Specific conductance and Chloride Concentration

As discussed previously, Specific conductance (SpC) and chloride (CI7
concentrations were obtained at three depths at each well location. SpC ranged from 34.3
mS/m to 392.9 mS/m and CI concentrations ranged from 6 mg/L to 1130 mg/L (Table 1).
A strong correlation (coefficient of determination, R*= 0.96) between chloride
concentration and SpC was observed when values obtained for each in all samples were
compared (Figure 15). This result demonstrates the SpC values are primarily a reflection
of the CI" concentrations. The influence of Cl" contamination on the DP-EC values was
further examined by comparing SpC to EC values measured within the sampling interval
(Figure 16). SpC was compared to the average EC values for a 1-foot sampling interval
at each sample depth. Fluid SpC and DP-EC appear highly correlated. The high degree
of correlation between these variables indicates that Cl significantly affects the DP-EC
electrical conductivity and that high EC values may indicate Cl” contamination. This

relationship may allow Cl” migration models to be constructed from EC logs.
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Figure 15. Chloride concentration and the specific conductance of the fluid samples
fitted with a linear trend line with good correlation. Intrinsic uncertainty is within
the symbol size (2% for SpC and 10 mg/L for chloride).
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Figure 16. The relationship between the sample specific conductance (SpC) and
sediment electrical conductivity recorded by the EC probe at each location indicated
a linear relation with good correlation. Intrinsic uncertainty is within the symbol
size (2% for SpC).
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CHAPTER 4
DISCUSSION

In this chapter, a cross section created from the EC logs is compared to a cross
section created from the drillers’ logs. Models of the clay layers and chloride
contamination are also presented.

4.1 Modeling EC Values Based Upon the SpC Values of the Samples.

EC values were obtained from the EC logs at 15 water sampling depths to
establish statistical relationships between sediment characteristics, water conductivity and
EC values. Regression model equations were derived from the relationships obtained
from the graphs of the SpC versus EC (Figure 16). Model values were then used as input
into the equation obtained from the SpC versus CI” graph to calculate the predicted
chloride concentrations for given EC values. The resultant model estimated chloride
concentration values were then adjusted for aquifer porosity. Estimated porosity values
of 25% and 15%, were chosen to represent the porosity range of the aquifer (Ziegler et
al., 2010), and the predicted values were multiplied by 0.25 and 0.15. Markers (white
and blue squares, respectively) on the EC logs indicate the derived SpC values
corresponding to 15% and 25% porosities. Green triangles represent the derived data
values obtained for Cl” concentrations (Figure 17).

The model SpC and CI” values show good correlation at all depths with the EC
data at the three locations where the low chloride concentrations were observed in
monitoring well data (LBIW09, LBEB14 and LBEBOS8). At two sampling depths, LBP29
(lowest) and LBEB02 (middle), the modeled SpC value for 15% porosity (Ziegler et al.,

2010) was a good fit, which may indicate a clay-rich layer. At these locations and
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depths, the modeled C1” was higher, perhaps due to the combined effects of ion content
and clay rich matrix on the EC value. This EC value was then used to calculate the
model Cl” value indicated. The overall results suggest that aquifer porosity is within the

15% - 25% zone used in the model.
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Figure 17. EC profiles with modeled values created from the SpC and CI relationships obtained from the geochemical
profiling samples. The values were modeled by assuming 15% and 25% intrinsic porosity to correlate to clay and sand strata
respectively. The white square represents 15% and the blue square represents 25% porosity. The green triangle represents
the chloride value. Note the different scales (top) on the various EC logs as representative of the range of values covered.
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4.2 Lithologic Cross section of the Study Area Based On Drillers’ Logs

A model cross section constructed based on drillers’ logs (Figure 18) indicates
two sand aquifers separated by a thin clay lens (approximately 0.6 m) at a depth about
425 m ASL. The deeper sand stratum is bordered below by a thick clay layer at 415 m
ASL, which separates it from a third sand strata. The upper clay layer appears somewhat
continuous across the site. This upper layer is thicker on the western side and thins
towards the east. This model is in general agreement with that proposed by other authors
(Ross Schmidt et al., 2007; Whittemore, 2007, Ziegler et al., 2010) and is used for

comparison to EC and Cl” models in the next section.
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Figure 18. A lithologic cross section based on drillers’ logs of adjacent monitoring wells. The model suggests the presence of
two clay layers at 427 m and 412 m ASL. Vertical model boundaries include top of the water table deepest EC location.
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4.3 Lithologic Cross section Based on EC Logs

A modeled cross section was generated based on the EC logs using the same
model constraints used for the lithologic cross section (Figure 19). EC data were
interpolated with blue values assigned to EC values greater than 90 mS/m and yellow was
used for EC values below 30 mS/m, with gradients in between. The model indicates

three layers of low conductivity partially separated by areas of higher conductivity of

varying thickness and length (Figure 19). The upper layer of high EC values is quite thin -

(less than 1 meter). Several other areas of high EC values are indicated at depths below
415 m in the westernmost site. These high EC layers are not present in the eastern
portion of the cross section, indicating the high EC areas are not continuous throughout

the sites.
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The lithologic model (Figure 18) was superimposed over the EC model (Figure
19) creating a composite figure for comparison (Figure 20). The lithologic data is
represented by blue (clay), green (silty clay), tan (sand with clay), or yellow (sand)
transparent crosshatches. Clay identified from the drillers’ logs corresponded to the
higher EC values. Where sand was indicated in the lithologic logs, lower EC values as
indicated by the yellow color were found. In general there was a good visual agreement
between the two cross sections. The lithologic cross section indicates thick layers of sand
bounded by clay strata. The EC cross section shows much more detail and identified
areas of low conductivity in the clay areas describe by the drillers’ logs. These low
conductivity areas may indicate that the clay strata consists of several clay lens rather
than continuous clay layer. These lenses may allow pathways for the chloride
contamination to migrate vertically down gradient. The high chloride values have an
influence on the EC model. Other discrepancies were identified when correlating the EC
and lithologic models, illustrating the ability of the EC model to resolve fine-scale
variations in features. The EC indicated high conductivity area, where sand or sand with
clay was indicated in the lithologic model. These discrepancies are especially apparent
in the EC cross section at depths below 410 m ASL. These higher EC may be clays not
described in the drillers’ logs or caused by high saline content of the groundwater. This
supports the observations that EC values can represent high Cl instead of clay. This

relationship is explained in the next section.
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Figure 20. Lithologic model superimposed over EC model. Vertical model boundaries include the top of the water table and
bottom of EC logs.
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4.4 Modeling the Presence of Clay Based on the EC Logs

A relationship between the specific conductance values of the water samples and
the EC values measured in the sediments allows the fluid chemistry’s influence on the EC
signal to be predicted at depths where no samples were observed. By using SpC as
independent variable and EC as the dependent variable, the linear expression
EC=0.12(SpC) —10.21 was determined in 13 samples. The linear expression had a high
coefficient of determination (R2 =(.94). (Two samples were not used: no EC data
obtained due to probe malfunction at LBEB14 depth 101 and sample LBEBOS at depth
55 may have been diluted with deionized water.) This equation was applied to the entire ;
EC data log where no samples were obtained to predict the EC signal that might be

attributed to the chloride ions in the groundwater. In some sand layers, the predicted

values correspond well to the EC values as at LBIW(09 and LBEB14. Areas where the
predicted EC values did not match the model (they were lower than expected) indicated
higher conductivities that corresponded with the combined clay strata and high chloride
content as at LBP29 and LBEBO02. The EC logs with predicted EC values for all sites are

shown in Figure 21.
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Figure 21. EC logs with EC values predicted by the relationship indicated by the chloride and specific conductance of the
geoprofiling samples. A dashed grey line represents the predicted EC values, and solid lines represent the actual EC values.
EC logs progress from IBIW(09 (least contaminated) to LBEB02 (most contaminated) right to left.
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A model of the clay strata was created by utilizing the math function (part of the
grid option) in the SURFER program. This option allows grids with similar size and
node numbers to be subtracted from one another; the difference is contoured. Subtracting
the predicted EC grid, which represented the EC values predicted to represent the sand
layers and groundwater, from the original EC data grid, created a clay model grid. This
clay grid was then contoured, using green to indicate clay-rich areas. This clay model
cross section was superimposed upon the original EC cross section (Figure 19) for
comparison (Figure 22). The modeled clay cross section agrees well with the original EC
cross section. Areas where there is a difference, for example at the LBEB02 location
between 418 m — 422 m, may indicate high chloride content in the groundwater. The
high chloride content would increase the EC data values. These high EC values would

then be modeled as clay instead of sand.
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water table. Clay and Sand are represented by blue and yellow respectively. Modeled clay is represented by green.
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4.5 Chloride Distribution Models

Given the high degree of correlation (R*= 0.96 for the coefficient of
determination) between Cl concentrations and SpC in the groundwater at the site, (Figure
15), a numerical relationship based upon the slope intercept of a scatter plot of the Cl” ion
and SpC values was determined. This relationship was used to create a data file of
expected chloride levels over the study area. It was assumed at first that the entire EC
signal was attributed to high chloride levels in sand. Using the SpC -DP-EC linear
expression y = 8.00x-72.48, (where y = SpC, x = EC; Figure 16), the EC values from the
log were used as inputs into this equation to calculate the expected SpC value. The
resulting value was then scaled to account for the porosity (25%) and unit change (mS/m
to uS/cm). This new value was used as input into the next numerical relationship that
describes the SpC — Chloride relationship, y = 0.34x-181.63, (where x= SpC and y =
chloride; Figure 15). The resulting data was used to create an input data file for the
SURFER contouring software to create the chloride model cross section.

The chloride model cross section suggests high chloride areas located at depth
410 m ASL in the west (LBEB02) migrating east. It also indicates several area of
chloride contamination in the eastern portion of the transect approaching the eastern

boundary of the transect between 417-420 m ASL.
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The high CI concentrations indicated in the model were confirmed by
groundwater samples collected from the probe locations and are in agreement with data
from existing Equus Beds monitoring wells. There is some overlapping of the clay and
chloride models. That is, neither model could distinguish between high EC values due to
chloride content or clay.

The chloride and clay models were superimposed over the EC cross section
SURFER file (Figure 24.) to demonstrate the amount of overlap between the two models.
Areas that indicated higher chloride content also indicated high clay content. The high
EC levels indicate contamination spreading from the existing contamination site. The
chloride contamination appears to be migrating eastward, finding a pathway above a clay
layer located at a depth of 415 m (ASL) under the LBEB02 and LBP29 well sites, and it
extends eastward toward LBEBOS8. Since high saline fluid would have a higher density,
it would be expected to displace the less dense fluid and create a saline-rich lens above
the clay layer. The chloride model predicts high chloride level at site LBEB14 at 426 m
ASL. The groundwater samples at 432 m ASL did not indicate high chloride
contamination (78 mg/L). This area of predicted higher contamination may indicate an
area where the chloride is migrating. Chloride contamination (960 mg/L) in the middle
levels has since been confirmed in a recent study (Whittemore, 2012). Whittemore
believes this contamination is the nose of the plume as it migrates eastward. The model
also predicts chloride contamination at IW09, which was not indicated in the recent

studies or in the groundwater samples.
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Figure 24. Chloride and Clay model superimposed over EC cross section. The vertical boundaries include the water table and
the bottom of the EC logs. Thin red areas indicate suspected chloride migration through fine pathways.




60

Because the porosity of the aquifer varies, possible high and low porosity values
were considered in the models to account for the range of porosities and their effect of the
EC values. Using CI” concentration values measured in the groundwater samples, the EC
data was modeled using two porosities of 15% and 25%. These values were chosen
because they represent the effective porosities typically found in the Equus Beds aquifer
(Ziegler et al., 2010). The EC data were first compared to the expected clay model, if the
EC exceed the clay value; it was then modeled with the higher porosity equation. Figure
25 represents an attempt to model the chloride with this two-porosity approach. While
this two-tier model better represents the clay and high chloride zones, there is still a great
deal of overlap, especially in the highly contaminated zones. This two-tier model did
resolve the high clay zones in LBEB14 and LBEBOS at about 420 ASL that were
depicted as chloride in the first approach (Figure 23). It did continue to predict higher
chloride levels in the mid-level (420 and 422 m ASL) at EB14, which correspond to

recent studies (Whittemore, 2012).

b |
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CHAPTER 5
CONCLUSIONS

In this study, EC logs confirmed the existence of thick clay layers indicated in
associated drillers’ logs. The EC logs also reveal thin clay lenses that were not apparent
in the descriptive well logs. These fine clay lenses are often overlooked with
conventional driller logs as has been seen in other studies, (Schulmeister et al, 2003).
More importantly, EC logs reveal thin areas of low conductivity within clay sediments
themselves. These areas can allow chloride migration vertically through less permeable
zone and then laterally through areas of high permeability (sand). This stair-stepping
chloride migration (Whittemore, 2012) within the thin zones presents an atypical
contaminant model, which may be overlooked in conventional plume modeling. EC log
can reveal the stratification of both the sediments and the chloride plume, resulting in
area of high chloride concentrations within the plume.

Because chloride ions are electrically charged, EC logs are influenced by the
presence of chloride contamination. When concentrations are high enough, zones of high
chloride could be interpreted as clay. To discern between chloride and clay, groundwater
samples must be collected and chloride concentrations must be determined before
interpreting EC logs for lithologic features. Because these fine pathways create areas of
high chloride concentrations, these arcas may be misinterpreted as clay layer (typically <
90 mS/m. At even higher concentrations (> 500 mg/L), the chloride can overwhelm any
EC signal from clay.

The research demonstrates that chloride concentrations can be modeled if

representative field samples are obtained, providing the rationale for EC interpretations.
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If the chloride concentrations are excessive, they can overwhelm the DP-EC signal. To
effectively model the chloride plume, a limiting scheme must be employed to filter out
the high EC associated with clays. This can be achieved by using the same scheme
initially utilized, but by adding an upper limit to screen out the values associated with
clays and high chloride values (> 90 mS/m). The assumption is that the leading edge of
the chloride plume would not be as concentrated and would fall somewhere below 90
mS/m. By comparing the chloride contour to the lithologic contour and current plume
models, the irregular plume margins can be more fully delineated.

The EC data provides a means of obtaining current, cost-effective and accurate
data of the hydrostratigraphic conditions that exist at Equus Beds aquifer. The areas of

lower electrical conductivity may provide pathways for contaminant migration into the

less contaminated areas. EC data can then be correlated to the groundwater samples to

track the probable pathways of chloride migration. Tracking contaminant migration is

important because the contaminant concentrations in the Equus Beds Aquifer are
changing. The aquifer is the primary groundwater source for a major population center
and a substantial investment has been made by the City of Wichita, USGS and Equus
Beds GMD#2 to prevent further encroachment of the saltwater into the aquifer. A rapid,
accurate and efficient means of characterizing the local subsurface and groundwater
geochemistry is vital to ensure the remediation efforts are the most effective at mitigating
the harmful effects of the contamination.

The combination of the DP-EC logging and geochemical sampling may be used to
track other inorganic changes that may occur in the Equus Beds Aquifer. Changes to

redox chemistry are commonly associated with the injection of recharge water into the
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ground via the recharge basin and injection wells. The approach may be useful to track

i
i

toxic metals such as arsenic and chromium that may be introduced into the aquifer as
such redox changes occur.

Aquifers are commonly impacted by natural recharge mechanisms such as
recharge via precipitation and the exchanged of river water and groundwater. Variations
in each of these processes may alter that chemical composition of the shallow or near-

stream aquifer and cause short-lived or dynamic geochemical conditions that are difficult

to monitor. The cost effectiveness and ease of obtaining direct-push EC data provides a
new approach to monitoring large scale processes such as these. The coupled approach
described in this paper may be valuable wherever ever-changing conditions affect vital

water resources.
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KANSAS CORPORATION MAPS

APPENDIX A

A.1 Zone A Chloride Concentration Map (Shallow)
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APPENDIX B: WELL COMPLETION RECORDS

B.1 Well Completion Record for IW09

187 572 WATER WELL RECORD ___ FOM WWG:S  KSA d2a.1212 10 No, TWEOC
_!_j LQACATION OF WATER WELL. Fraoctinn Socion Humbar Townshlp Number [ ﬁanga Huymbad
Caupty: Har ME % HE » NE e z T iy [ R € '®

Cistanca and aM dlrt-c(ven Trorm foaro8Y wn o city AEeh! Addrass af woll if lonatad wilhin city™
Appraximataly 5 miles west af Haklnad

IIVIATER WELL QWNER: City of Wichila

RRA, ¢, Addrecs, Boxd ;456 N, Main Bourd of Ageicullyra, Didigion of Witgr Rosourcos|
Cily. Slate, ZIP Qodo - Wichita, KS 67202 Application Rumbsr: :
ﬂ LOCAYE WELL'S LOCATION W}] DEPYM OF COMPLETEQ WELL 255 1, ELEVATION: Laknown
_"‘N R SECTIOH BOX: Depitys) Grundwnier Encaunterad 1 e LT Trmm— ua
T T WELL'S STATIC WATER LEVEL m;m x 1 EUAOES Y809 000 B0k A0 ll)‘[;*r )
! N{_’ 1 X Pump 1035t dala: Wall watar wan mtdwdom R BN L. esuiarssees OIS pUmping . -
o= | == "“N‘E"' Ext Yies | SKNOWEL oo Wi water was 3 n1lM.... v envamnes POUPE GUONEIY L esee e, GPER
2 H 1 Doro Holo DISmelat .y e, i B0 77{1 F1oT (RO P IT | X | e N ;
2 A 1 1 WELL WATER TO BE USED AR & Publs wake Lugphy & Arconatiosng 11 Aacticn wal H
J EPURS IO 1 Domaste 3 Fooclol 0 Ofok war supply & Dowmaop 12 Othor taposily bekom '
1 ] 2 mgatom 4 Industisl 7 Oomonls{lvm & garan) 10 Mandiodng wak o Index ey
X ! ! | Was aen ¥ Hogical sampin i 10 Degs [T ST Na, ‘W, iryas, m:\fu.uyx‘wu BIATRW wak wb-
mitied Walner ww Dlsrnr-ucnod? Yos Ng
| 5[ TP E OF BLANK CASING USED: 6 Wrought kon o Comretstha CASING JOINTS: Glued y’ Camped
1 Sipet 3 RMP1{SR) 6 AsbestosComent S Cihar (spadty Diltw) Waldad .
@rve + ams 7 Eburgars et eerne et e s oy
Blank casing diormesar 2 0. 36 . . 1o » 1., Dia

. Frerenaves

Caping hesht nbave Land sumcn . .
TYPE OF S8CREEN OR PERFOMTIO)J MA‘E‘ERML.

" ilsg.ty, WioR thicknaas ar g
1a Asbwm-mmwl

1 Stand 3 Soirtess sloot & Fiborginsh & RMP SR} 17 O {ephOleY
2 Pratk 4 Gahanited 1eal 0 Concrolptio 1 ABS 12 Hong used (open hola) i !
SCREEN OR PERFORAYION OPENINGS ARE: 5 Gauzed wrazoed 8 Sowoul B Kong {opon ool j
1 Comauous sot (Ermn sl 8 Wiawrippod 8 Oviked e .
2 Lowernd shutior 4+ Hiry punchas 7 Tonchcut W0 Othe (3p0ssfy) . N
SCREEN-FURFCRATE S WTRRVALS! Feom Lo 253 &k, From n.to L}
o e T Iy
GRAVEL PACK INTERUALS:  From &, From LT )
From e Ltannresyiny o &, From .. el prye) .
16 GROUT MATERIAL  (Ditsestcoment 2 Comanigrout 3 Dunonss 4 Qner mmmmmmum
Groutlrlorale: From 0 fte 220 P Tl e Bam 30 A .....2?5 .
What ik the nenres! saurca of gossible conlmination: 10 bivesinck pans 12 AWHN wakor well
1 Soptcrank 4 Laisrl ines T Paprwy 11 Fudd stompa 15 Of el Gas wol
2 Sowerfnos $ Cats pood B Sewapn Mpoosn 12 Fortdzer sinmge 18 Lihor (spocity bo'ow)
3 Watkeripht sower ines 0 Soepicn it 9 Fondyaud 13 tnsoctiode stordge L Nonekneyn
{  Ovocsonvon weil Haw many fao1? |
FROM | TO LITHDLOGIC LOG FROM TO PLUGGING INTERVALS i
9 4 | Tepueil i
4 7_| Clay, brown |
7 39 | Sand snd gravel, conrsg, medium, fing, loass, theae i
39 41 | Cloy. browm ;
41 B1 | Sand and grovel, madiim, Eng
61 g= | Clay, gray, graen
B 128 | Sapd, mediom. fing
128 | 163 | Clay. whilo, groen, lan
163 268 | Sand and gravel, mediuoy, Sne, clay stronks
268 275 |_$hase, gray harg
5 217 | Shas, black, haed
B CONTRACTORS OR LAMOOY/NINS CERTIFICATION: Thia wiko! wol nu 2 VBP0 undar ey juctdicixe and whs ‘
camptaled on mafdepsyoRrt 2202 &ndd thls racard is trua ta the bosl of my lmowloanon d belipl. Knnsan ’
Watar Woll Contraclors Licunsa Ho - e V¥/8iar Wall ReGord was complotod on (mordiy, |
undus Mg busonss onms o Clarko Wk & Equipmen, fng, by o oA . |
l

WHSTRRCTIONS: Uiy typarte o balgont pen. PLEASE PRESS FISMLY and PR chearty Praais Bl in birva, wrgorbim of Lirckd I comect aramers m 1p e <opi ke Kaakes mpcwl of HeaMh ared
Ewveronmant, Buresy of Ainiw, Toooks, Kanprs 004300001 Tabephore TS 1085501 $4ed 0% ta WATE 2 WELE OWhER ard (1l cra bt your niconds Ko of 500 sash ponstnsted wad

o [T
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B.2 Well Completion Record EB14

WATER WELL RECORAD __ Fomn WADS  KSA B2a-1212

,ﬂ LOGATION OF WATER WELL: Fragiion Bachon Nuribor Tommisnly Nymber fenga Numbar
CouBRTVEY St w BE  w  SE 34 T 23 3 l LI L 4
TABlwiCe 31 recion fom narrast Kwn or ity stieat AEress of well 7 ooaled wain oiy? - i

¢ i les Fast & 2 miles Scuth of Burrton, B _ oM 0 _

| wATER WELL owhER:  Equus Beds @D #2 ‘ T
RRs, 5t ddross, Box 4 313 Spruce Dosrd of Agricuiiurs, Division ol Wasr Basourcs
Cry, Stam, 2IP Code = Halstead, ES 67056-1325 - Appleticn Number:

3 LOGATEWELLS SOGATION WiTH _4;; DEPTH OF COMPLETED WELL. . 285, ... LOELEVATION . ... oo e i s

v Orpi¥e) Groundwile: Chcoumterd 1. ... . o B2 v e L o
: : WELL'S STATIC WATER LEVEL .. 14, ... | 1l below lard surlaes rmssred on modayspr ... 10=16-00
e AW =] = B Puirp lost deds. Well wals wes ... .. RoaMer. ... .. haurs purpiryg ... L. [yl
{ | Esl. Yiend oL GPM Weall waleT was L ool eer L L. L. hews puinping . gpm
2 i ! gl Bore Hole Diawrorar. 6., w0 . 287 | Loand.... ... WL L A,
z I | WELL WATER T BE USED A8 S Fulric waler suppiy 8 Rir condboning 11 tajacion wali 2

T _ . 5; . S'E — 1 Domestie 3 Feadio; B Ml figld wasar supply B Dawamrng 12 Othar (Specty DEow) ﬁ

| p # Iripation 4 vsing T Lawn and gardsn onl 10 MORGEDAG Wl L...is i S

1 |7! Was 1 ewemnaldartsnongionl samakr aubmitted b Dapargment? \'m . N was, mivdayyT samgle was s | I,‘*?,

- § Tt e — e latine Wall DisIThOCIH? Yas Mo X 2

E]"wpe OF BL ANK CASING USED 5 Wraght 1on & Croomie bip CASING JOINTS: Glued | X .Clamged . . [
1 Stend d RMP 88 G Asbesics-Lamant B Cennr iapecity bairw) Waded. . ..... ...... .
TRT .8 ABS TRomgiRss L. o0 o Threaded. . ...... ... .

!Hmm',z;..ﬂ.ml.in hn._..;{ ..... L WA -.Z'I.P“!'c..m.1D..275,....&,Din.‘ RO A IO
Cazing hoight atove land surdare .. . .. 35 e oldn wEgnt L. 17030 bsoft Wl thickness or gauge Ne 154, .0 Lo L .
TYPL OF SCREEN OR PERFORATION MATERIAL: 7RG 10 Ashmetos-cummnt

1 Stee. 3 Staikesy aisel 5 Miberglass & AMP (SR 19 Othe (8pecifed . . Ll L. “
2 Braw 4 Gavaiized seal 4 Commrmne lile 2 ABS 12 Moae used {open Fokat
BCAEEN OR PERFOAATICN GFENINGS AAE 5 Javzed wagped 6 Saw cul “1 Narg |0pen hokg)
1 Contiruaus sion 2.l st 6 'Wra wrapped & Driled Fokg
2 Louverad shytar 4 Kay punghag 7 Torch gt 10 CHher 1spadity) . . . .
BOREEN PERFCAATED INTERVALS:  Fram... 279 .. 41 . 2B5 ®From.. ... R T - P A
Fiom.... .. ... k. .... .... . . Fom. P A - TP |3 -
GRAVEL PACK INTEAVALS  Fom.. .2B5S . .. . JHom. o ZBS L L wFmm.. L P - 3
- Trom k1 4., Fram e, M@ R

) GROUT MATERIAL: 1 Nuw zerem 2 Carent groul 3 Oeronon AOME e e e e e '

1 Growt Imtervals: From .. Q... £ . 2650 &, Fom.. ... ..., Roba.. ..... . H, Fam....... .... ... .ooo... 8
VWhat & 1he trares suurce O possibla comamitstar 10 Livestack pens 14 Abardoned waba- ol

* Sepic tatk 4 _Laveral Iness 7 Pit privy 11 Tue sbarage 15 Ol wall'Gas wi
2 Sewwr inas § Cuss poul & Sawape lapoun 12 lerilzer atoreye 16 Other {apecly Dulow) jul
3 Wasrkght geever lines 8 Seapage pht & Foagyan 13 Intsclivide Btorage e e PE
Direction from wat? _ Neth L  How mpay feet? SO0 FL
"rAoM [ TO LTHOLOGIC LOG FHCA O, PLUCGING INTERWALG v
D 7 | 7op sodl i B
L7 45 ¢ Cruvrse Sand £ Graued ;
45 47 ©  green Clay
47 £4 Fins to Medilm Sand
[ole) il Gray {lay
TH A5 sinc to seddon- Sand
8% | 8B L TanClay . - JR— -
98_.‘_ 235 Zins Sand-Tan - [P — - b
235 3. el Brwm Clay . —— -
260 {. 285 _Fine Sand e . . o 2
285 287| Gray Shale .
S

j CONTRACTOR'S OR LANDOWNER'S CERTIFICATION: This wats wat was (1] cansiricbad: () rerpnstracted, or (3] plgged wider my utisdetio~ and wag
cormgtened on Imodayiyeart .. ... 016900 oo Lo oo ... und this recod is frue 1o 1bo bostof mry kuwledgs ard Daliel. Kaneas
Walst Well Cartacrars _immse Bo. . ... 13B. ... Ths Waler Well Racard wie compleied on Imoidage) . £ Tabl =100, ... v
wgst 1he businuss rave of Potorson Iredgation, Tnc. - by Ihnalure)

s e e R i e s




B.3 Well Completion Record for EB0S
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WATER WELL RECORD _ Form WWO.5

KSA 82a-121
1] LOCATION OF WATER WELL: l Fraction Section Num::r - 2Tuwnship Number Range Number
| County: Harvey BW_ w NW v SW u 34 IT 5193 P
mmmmmmﬂacﬁyﬂrm address of well If located within city?
1 mile East & 1 1/2 Miles South of Burrton, KS
gwmsawsumnz Equus Beds @D #2 B-2C_
RR#, S Address, Bax # : 313 Spruce Board of Agriculture, Division of Water Resources
City, State. ZIP Code d 670561925 264 Appiication Number: .
B A N G S SQSATION WITHl4| DEPTH OF COMPLETED WELL. ... MML@TET . ELEVATION: .............................. .. ..
: Depth(s} Groundwater Encountered 1. ., . .. 15..... T A < A N )
i : ! WELL'S STATIC WATER LEVEL . ....13. ... & below land surlace measured on mordayryr .. 10-5-90
e NW === = NE== Pump test dala: Well waterwas ........... fl.akter ......... .. hours pumping ... ........ gpm
1 ' Est. Yield ........ gpm: Wellwaterwas ........... ft.aler ........ .. hours pumping ........... gpm
., i i Bore Hole Diameter. . 8. ... in.t0... ... 264 foand. .o MO .
f f i WELL WATER TO BE USED AS: § Public water supply 8 Air conditioning 11 Injection well ?‘
TSR B S‘E . 1 Domestic 3 Feediot 6 Oil field water supply 9 Dewatering 12 Other (Specify balow) 3
i ) 2 Imigation 4 indusirial 7 Lawn and garden only 10 Monitering well ............ccovevviniineinnnin. 2
] 1 Was a chemicalibacteriological sample submitted to Department? Yes............ No..X..... ; If yes, mo/day/yr sample was sub- ,‘{"
$ mitted Water Well Disinfected? Yes No X Q
5] TYPE OF BLANK CASING USED: 5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . X. . .Clamped . - . ... £
1 Steet 3 RMP (SR) & Asbestos-Cement 8 Other (specify beiow) Welded..................
2 PVC 4 ABS 7 Fiberglass L. Threaded. .. ..............
Blank casing diameter . .2. Steel . into.... 7. ... .. ft, Dia.....2 . PVC in.to... 200, . .. foOla. . ..oooo... nto.............
Casing height above land surface. . . . . 36..........in, weight ..... 1.703.............. Ibs./ft. Wall thickness or gauge No, ...+154. .. .. ...,
TYPE OF SCREEN OR PERFORATION MATERIAL: 7 PVC 10 Asbestos-cement
1 Stesl 3 Stainless steal 5 Fiberglass 8 RAMP (SR) 11 Other (specify) ... ................. -
2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole)
SCREEN OR PERFORATION OPENINGS ARE: § Gauzed wrapped 8 Saw cut 11 None (open hole)
1 Continuous siot 3 Mill siot 6 Wire wrapped 9 Drilled holes
2 Louvered shutter 4 Key punched 7 Torch cut 10 Other (specify) . ........c..iviiniaren.,
SCREEN-PERFORATED INTERVALS:  From. .. .200 .. Rto....... 210 . R FOOM .o Bt e .
From................. fl.to................. ft..From. ... ............. fl.to..... ... ... ... K. -
GRAVEL PACK INTERVALS:  From....190 ... . ... ho....... 264 . RoFrom ... oooovoon. 10 e, .
From ft. to ft., From ft. g ft.
|6] GROUT MATERIAL: 1 Neat cament 2 Cement grout 3 Bentonite P
Grout intervals:  From....0Q... .. ft.1o....190..... f, From............ L f, Fram............ foto......... #,
What is the nearest source of possible contamination: 10 Livestock pens 14 Abandoned water well
1 Septc tank 4 Lateral fines 7 Pit privy 11 _Fuel storage 15 Cil well/Gas well
2 Sewer Fnes 5 Cess pool 8 Sewage lagoon 12 Fertilizer storage 16 Other (specily below) g
3 Watertight sewer lines 6 Seepage pit 9 Feedyard 13 Insecticlde storage ... . e e
Direction from weli? _ South How many feet? 500 ft
FROM TO LITHOLOGIC LOG FROM TO PLUGGING INTERVALS ®
0 8 Brown_Silty Soil ﬂ
| _8] 42 | Cowrse Sand & Gravel § _—
42 47 Gray Clay
. .47 55 | PipeTanSand ... .
| .59 75 | Browm Silty Clay. ]
L .79 95 | Fine-Medium Gray . .
. __99 99 | Green Clay e = — -
9 155 | Medium Sand & Gravel Tan e
185 158 | Green Clay B -
| 1498 190} Fine Gray.-Sand - &
L. _1do 197.] Tan Clay
197210} -Brown-Sandy-Clay - - - R
A—Z—JG—-ZéQ—— ¥
289 264 | Cray-SHale B I
Er &ONTRA(EI’OR'S OR LANDOWNER'S CERTIFICATION: This water well was (1) constructed, (2) reconstructed, or (3) plugged under my jurisdiction and was
compieted on (ma/daylyear) ... ...... .- 10-5-90. .. ... ... and this record is true to the best of my know!ed? and belief. Kansas
Water Wel Contractor's License No. .. .. ... 138......... This Water Well Record was compieted on (mo/day/yr) /-—-,;2 =940 ... ... =
under the business name of Peterson Irrigation, Inc. by (signature
ISTRUGTIONS: e e o b 0 e B R e soss. Sa0d o 1o WATER WELL OWNER an i o for o e+ P




B.4 Well Completion Record for P29

Note: P29 Record received from T. Boese of Equus Beds Groundwater Management

District in poor condition. It was not available from the WWC database.

REGEIVED

gt UNITED STATES . -
N A'Y“" 7 2003 DEPARTMENT OF THE.INTERIOR . .lui) § ‘ , A A
) GEOLOGICAL URVEY Y o 1

OUN WATER w.\m nn.sunm, nﬂmcu
MRS

1 Locatmn- Sta‘ce » i
o NemestP 0' CHir

Rila abéyexizﬁace}
A Below sutface;

_.111_9!1..&—
quzmhty of water ordma;nly obmin d from well ~.ILQ):&Q
18, Use: Tor what Hurpose is e Water used? ~observation- '

. i
14, Qualxi ¥ of the water: _L.,,,;__»....ﬂ.uaﬂ*-hﬂm ettty L GHOTE R0 aDALYFRIET-
{Hard op mﬂ:. ln;h m- ultv «tr )

, . Temperature of water .29 O O T
(“n.II v'nn‘Ham .

15, Cost of well, not including pamp:
" Nama af porEon hlliug hlzmk
Date o June 18, X% S Addi«ass WEGLLL Kansas T D e

In the back of this zheet glva the racord of tha heds ﬂmnu'n witteh the well parsos and suy other. uctw not glven above.

Lag ]




L0G OF WELL,

75

KIND OF EOCKE OR OTHER: MATRRIAL

DEFTH, IN FEET

(Gh\: color and toll whathbe Jinrd or Boft).

s

"By

‘Black-brown 9a.nd3r Loam

Lo

Lty
P

.

“.Yeilow—brown c‘l.ay, it & £o auncﬂf

Lddgld

N a‘w}*el

N “sone
B §9

ISP D F

6401,

c‘ss'é 703, 28 35
; 10 ichejéD3 £g 20

Gray szmd &: gra.\re]_

12,0

. % tl
Grean-gray c

ms E’f); c's»lS';‘ fg 20

o

(ray. gand.

e hand & R o

‘fﬂ 5:‘

JELrhL

tightly Gompacted - 7
“ll,«aw——meev_clay & silte Khond

sadyt

U4 dpviEnai rAnTION arves

bgoen "
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B.5 Well Completion Record for EB02

_L'LOCJ\NON OF WATERWELL: | Frmction Socton Number Townahl Numbor Range Numbas
CounyzRERQ NW 14 NW 14 NE 114 Q1 248 04 WEST

Distance and dirsction from noaneat town o ity stroal address of well B kocatad within city?

ER 2 B i3 locatod 0.5 mia ws) and 30 foel south of Weodberry Rd and Sirowd Rd
2]WATER WELL OWNER:  Equus Bads Gmurmmor Manngement District No, 2
RAR, 81 Addrass, Box # 313 Bpnuce Stwal Board of Agrioulune, Division of Water Rescurces
City. Smle, 2P Cede Halwtead, Kmm 67058 ) Application Number: NA

3] LOCATE WELL'S LOCATION 4] DEPTH OF COMPLETED WELL 65,0 Toat ELEVATION: UNK fest
TTH AN “IC 1N SECTION BOX: Depth Groundwitte Encounloted 1 711 lest 2 toal 3 {oat

* WELL'S STATIC WATER LEVEL 711 foo! bolow land surincs measured on Mimwfduwr
Purp tasl dala:  Woll waler was foat atter s PUMEg ppm
Estirnatod Yiold 22,5 pprm: Wel waker wis oot atier mwmplng opm
Bore Hole Dlameter 6.0 Jich w0 650 feot snd Inch b oot
w E | WELL WATER IS USED AS: 15 Pubtic water supply 0] 8 Alr conditioning[ 51 Snjoction
11 Doenestic 13 Feeciot [ 6 Oisisld water supply  [18 Dawatering  [112 Other {spacify beiow)
02 krigation CI4 Indugiral 17 Lawn and gaden only  [B]10 Monitoring weil.

Was a chemicalbacteriologlcal sampla aubmitied & Department? HO ; If yos, when
- rr:o — meniidfyy sample was submittad Wataw Woll Disiofocted? NG

__]'NPEOF BLANK CASIMG USED:  [J6 Wroughtiron L8 Concrmte tie CASING JOINTS  [B) Ghued [J Clamped
B3 1 Steal 13 AMP (SR) {18 Asbesios-Comem 9 Omer (spacky betow] {J Welded

B2 pve 4 ABS O 7 Fiberglass B Theeatsed
Blank casing dlametorSTEEL 2 rches 1 7.0 feot, DiametsrPYC 2 Inchas 10 5500061, Dlamsiter LR font
Casing haight ABOVE land suvface 360 inchas, waight paundafoot Wllllhbluwnwoamﬁo
TYPE OF SGREEN OR PERFORATION MATERIAL ! . B’ 7 PvC O 10 Asbestos-cement
1 Swel O 2 Stainless sioel 5 Fibonlass 3 8 AMP (SR) 0 11 Othr (
D # A5 [wRH
0

(Bpacity
2 Brass 0 4 Gatvanoed steel 6 Concrote te 12 Nona ixsed {opon hole)
SCREEN OR PERFORATION OPENNGS ARE; El 5 Gauxwd Wrapped [J 8 Saw Cut 11 Nosto {open hoie}
3 1 Continuoiss Siot B 3 Me St & Wira Wirapped I ¢ Dridlad holsa
32 Loyvered shuster 0 4 Key Punched D 7 Tesch o [0 10 Othae {specify}
SCREEN-PERFORATED INTERVALS: From 854 fsst toBS0  deel, From teet 1o oot
et W feod, From fot i0 font
GRAVEL PACK INTERVALS: From 650 feat ko 50.0 feal, From fost oot
Feam foet 1o fesd, From feel fo food
G ]GROUT MATERIAL; 1 Meat conent [X] 2 Cement grovt O 3 Bontonite B 4 Otee [
Grout ntsreals:  From(1) 500 foal 10 B.01a0t, From (2] 5.0 fagt lo 0.0 feed, From toet 10 foad

Wheat 15 the neurast source of posaitie contamination; mil] ummkpm ] 14 Absndoned watae wail
31 Beptic ank D4 uwum 7 Pt privy 11 Fusl storsge CIts OF weliGas wetl
32 SewsGnes Coes pool [0 8 Sewage lagoon (112 Fortiirer stnage B3t8 Other (spacity below)
1 33 Watentight sewes ling L'_]o Seopape pit O # Feedyarg 3 13 Wsecticide siorage  OILFIELD TANKS

Direction from welt?  NORYH  How many lsal? 1,300
”@ 3% %
AM, brown

30 | 23.0 [ SAND, medlum o coarse, brown
230 (450 | SAND, Tino io coarse, brown
450 [65.0 | SAND, toarse

850 (660 | CLAY

_J_' OWNER'S CERTIFICATION: This water wedl was consirucied on 104/00mo/dayfyesr undor my jurisdiction and this record s true o tha
beat of my knowkige and beliel. Thia Water Well Recard \:M oompioind on MMICMMWOM under (he business name of Equus Beds
Groundwater Managenoent Distdel o, 2, Kansas Waler Wad Lioe . 0l QD UCKIR)
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APPENDIX C: EC LOG LOCATIONS

The following Table B.1 contains the locations where the EC logs were obtained, the
depths reached, and any difficulties encountered obtaining the logs. The data logs are
available on a CD. The depths are reported in feet in the original EC logs.

Table C.1 EC Log Location and Depth

Owner WELL Latitude Longitude EC Log Depth (ft) DP Tool Notes

Wichita IW09 37.9986 -97.6112LBIW0S 26 HPT  String Pot broke
LBIW0SB 3.85 HPT
LBIW0SC 108.8 HPT  Good Log
GMD#2 EB14 38.00539 -97.6295LBEB14A 12.5 HPT  Noisy log
LBEB14B 0 HPT

LBEB14B2 108.75 HPT  Noisy Log
LBEB14EC2 81.45 EC Good Log

GMD#2 EBO8 38.00416 -97.6456 LBEBO8a 126.05 HPT  Lost Probe
Wichita P29 LBP29 124 HPT  Good Log
WBurmac6-25
GMD#2 EB02 37.99865 -97.7097 LBEBO2a 101.15 HPT
LBEBO2E 101.15 EC Good Log
Field Notes:

Two EC log were obtained at LBEB14 location. The values obtained during the first
logging attempt were erratic, and it was determined that the EC probe was damaged
during the pushing. A second probe was installed and a new EC log was obtained to a
depth of 413 meters ASL.
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APPENDIX D: EC VALUES FOR GEOCHEMCIAL PROFILES

Appendix C contains the calculated EC values for geochemical profiling samples. After
the depth of the sample screen was determined, the DP-EC longs were examined.
Summing the EC values over the screen length and dividing by the number of readings
obtained the average value. The readings were recorded in mS/m.

Table D.1 Electrical Conductivity Data Averaged over the screen length

Sample Average EC Screen Depth
(EClog—-depth) (mS/m) (feet)
LBIW09-31 10.58 30-31
LBIW09-50 10.09 50-51
LBIW09-96 28.09 96-95
LBEB14-24 19.61 23-24
LBEB14-56 21.51 56-55
LBEBO8-33 37.12 33-32
LBEB08-93 36.81 93-92
LBEBOB-55 48.32 55-52
LBP29-35 26.13 34-35
LBP29-60 23.08 60-59
LBP29-95 53.16 95-94
LBEBO2-40 39.65 40-41
LBEB0O2-54 53.28 55-54

LBEBO2~-83 98.27 83-84
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APPENDIX E. CHLORIDE CONCENTRATIONS

Table D.1 includes the chloride concentrations associated with the samples taken from
sampling locations: LBIW09, LBEB14, LBEBO, LBP29, and LBEBO02. If there was
enough fluid volume, the sample was filtered with 0.45uM cellulose nitrate membrane
(Sanders, 1998). The sample was obtained with a polyethylene bottle, which was triple-
rinsed with the fluid sample and sealed (Sanders, 198). The 25 mL of the fluid sample
was poured into a beaker triple-rinsed with sample fluid and field-tested with the
Chloride QuanTab® Test Strip. 30-600 mg/L (Hach, 2009). Once the mg/L range was
determined, the sample was tested with a Chemetrics field titrette sampler with the
appropriate measuring range, according to the manufacturers instructions (Chemetrics,
2009). The Chemetrics Kits information included below:

Kit Range Lot Number Expiration Date
Chloride K-2002 2-20mg/L  73790/73795/12 Dec. 2011
Chloride K-2020  20-200 mg/L 72241/2 April 2011
Chloride K-2050  50-500 mg/L 71040/12 2011

The chloride concentrations in several samples exceeded the range of the Chemetrics kit.
In these cases (LBEBO08, LBP29, and LBEB02), the sample was diluted by ratio 1:1, 1:2
and 1:4 using a triple-rinsed glass 250 mL graduated cylinder and deionized water until
the concentration was in a range measurable by the Chemetrics titrette.

Table E.1 Chloride Field Concentrations Week 2 - 7/7-7/8/2009

Well Sample Screen Depth  Cl- strip Diluted Cl- fitrets Diluted Filtered
(feet) (mgiL) (ma/L)

LBEBO02-40F-1 40-41 580 Y

LBEB02-40FD1:9 40-41 750 75 700 70 Y

LBEBOQ2-54F-1 54-55 <608 Y

LBEB02-54FD1:3 54-55 1132 282 1200 300 Y

LBEB02-83U 83-84 164 175 N

Indicates calculated value determined from diluted solution.
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Table E.2 Chloride Field Concentrations Week 1 6/23 —6/26/2009

Well Sample Screen Depth  Cl- stri Aoreoe i ; .

p Diluation Cl- titrets Diluted Filtered
(feet) (ppm) (ppm) (ppm)

LBIW09-31-1 31-30 <31 6 n
LBIW09-31-2 31-30 <31 6 n
LBIW09-50-1 50-49 <31 6.2 n
LBIW09-96F-1 96-95 193 175 f
LBIW09-96F-2 178 200 f
LBEB14-24F-1 24-23 75 70 y
LBEB14-24F-2 24-23 84 75 y
LBEB56-56F-1 56-55 84 82 y
LBEB14-56F-2 56-55 75 75 y
LBEB14-101F-1 101-100 <490 <500 y
LBEB14-101aFD1:1-1 101-100 544 272 520 260 y
LBEB14-101aFD1:1-2 101-100 y
LBEB14-101bFD1:1-1 101-100 470 235 500 250 y
LBEB14-101bFD1:1-2 101-100 564 282 600 300 y
LBEBO8-33F-1 33-32 226 225 y
LBEB08-33F-2 33-32 226 225 y
LBEB08-55U-1 55-52 <31 17 n
LBEB08-55U-2 55-52 <31 14 n
LBEBO08-55F-1 55-52 <31 11 y
LBEB08-55F-2 55-52 <31 10 y
LBEBO8-93F-1 93-92 >608 >500 %
LBEB08-93FD1:1-1 93-92 488 244 500 250 y
LBEB08-93FD1:1-2 93-92 524 262 520 260 y
LBP29-35F-1 35-34 226 230 y
LBP29-35F-2 35-34 226 230 y
LBP29-60F-1 60-59 200 205 y
LBP29-60F-2 60-59 200 205 y
LBP29-95F-1 95-94 >608 >500 y
LBP29-95F-2 95-94 >608 >500 y
LBP29-95FD1:1-1 95-94 1130 565 >500 >500 y
LBP29-95FD1:3-A-1 95-94 1180 290 1200 300 y
LBP29-95FD1:3-B-1 95-94 1128 282 1100 275 y
LBP29-95FD1:3-B-2 95-94 1088 272 1120 280 y

indicates calculate

parts dionized water,

solutions sampled. Italics indicate invalid

d value determined from diluted solution by multiplying
the dilution ppm by the magnitude of dilution.

The suffixes on the samples include: F-filtered, D-diluted, :3

A,B.C,D —alpha notation that distinguishes different dilution

sample due to improper technique.

one part sample to three
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APPENDIX F: SPECIFIC CONDUCTANCE FIELD MEASUREMENTS

Table E.1 determines the specific conductance of the samples obtained from all sampling
depths. After the sample was filtered, approximately 50 ml of the sample was placed in a
triple-rinsed polyethylene beaker and tested with a Hanna EC/TDS/and Temperature
meter (H198311) (Hanna, 2009). The meter was placed in the sample and agitated. The
reading was recorded once the timer indicated the testing was complete. If dilution was
necessary, the sample was diluted using a glass 250 mL graduated cylinder and deionized
water, and the sample was retested. Readings were given in mg/L and degrees
centigrade. All containers were tripled rinsed with the fluid that was being tested.

Table F.1 Specific Conductance Field Data Week 2 7/7-7/9/2009

Well Sample Screen Depth Specific Conductance Filtered
(feet) (mg/L)

LBEB02-40F-1 40-41 2355 y

LBEB02-40FD1:9 40-41 2840 y

LBEB02-54F-1 54-55 3793 y

LBEB02-54FD1:3 54-55 4172 y

LBEB02-83U 83-84 1184 n

Italics - invalid - improper technique or bad analysis
Indicates calculated value determined from diluted solution.
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Table F.2 Specific Conductance Data Week 1 - 6/23-6/26/2009

Specific
Well Sample Screen Depth Conductance Filtered
(feet) (ppm)
LBIW09-31-1 31-30 167 n
LBIW(09-31-2 31-30 166 n
LBIW09-50-1 50-49 190 n
LBIW09-96F-1 96-95 555 Y
LBIWC9-96F-2 556 Y
LBEB14-24F-1 24-23 513 Y
LBEB14-24F-2 24-23 525 Y
LBEB14-56F-1 56-55 341 Y
LBEB14-56F-2 56-55 346 Y
LBEB14-101F-1 101-100 1070 Y
LBEB14-101aFD1:1-1 101-100 1154 Y
LBEB14-101aFD1:1-2 101-100 Y
LBEB14-101bFD1:1-1 1071-100 1188 Y
LBEB14-101bFD1:1-2 101-100 1196 Y
LBEB08-33F-1 33-32 913 Y
LBEB08-33F-2 33-32 913 Y
LBEB08-55U-1 55-52 281 N
LBEB08-55U-2 55-52 271 N
L BEB08-55F-1 55-52 270 Y
LBEB08-55F-2 55-52 269 Y
LBEBO08-93F-1 93-92 915 Y
LBEB08-93FD1:1-1 93-92 1064 Y
LBEB08-93FD1:1-2 93-92 1062 Y
LBP29-35F-1 35-34 658 Y
LBP29-35F-2 35-34 660 Y
LBP29-60F-1 60-59 578 Y
LBP29-60F-2 60-59 589 Y
LBP29-95F-1 95-94 1917 Y
LBP29-95F-2 95-94 1917 Y
LBP29-95FD1:1-1 95-94 2078 Y
LBP29-95FD1:3-A-1 95-94 2184 Y
LBP29-95FD1:3-B-1 95-94 2116 Y
LBP29-95FD1:3-B-2 95-94 Y

Suffix F indicates a filtered sample. D is a diluted sample. The ratio indicated the ’
proportions of deionized water to the sample. Alpha and numeric suffixes indicate |
the diluted sample. ltalics — invalid data due to improper technique. i
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APPENDIX G: SPECIFIC CONDUCTANCE LAB MEASUREMENTS

Goal: To dgtermine the specific conductance of samples obtained from several locations
with a recalibrated field ED/TDS and Temperature meter and determine the range of the
EC/TDS Meter. This was done to validate the measurements obtained in the field.

Method: Approximately 50 ml of the sample was placed in a triple-rinsed polyethylene
beaker and tested with a Hanna EC/TDS/and Temperature meter (H198311) (Hanna,
2009). The reader was placed in the sample and agitated after the red button was pressed.
The reading was recorded once the timer indicated the testing was complete. If dilution
was necessary, the sample was diluted using a glass 250 ml graduated cylinder and
deionized water, and the sample was retested. Readings were recorded in mg/L and
degrees centigrade. All containers were tripled-rinsed with the fluid that was being tested
prior to using the beaker.

Stock Solutions: Meter was calibrated using solution created using a 745.6 mg KCI
(anhydrous KCI) mixed with 1000 ml diluted H,O. Calibration was set at 1412 uS/cm at
23.7 degrees centigrade.

Table G.1 Specific Conductance Lab May 2010

Summer Diluted
(2009) May 5/2010 May13/2010
Well Sample  (uS/cm) (uS/cm) (uS/cm)
LBIW09-31 343 343
LBIW09-50 388 392
LBIW09-96 1121 1121
LBEB14-24 1022 1038
LBEB14-56 661 668
LBEB14-101 2104 2112 2240
LBEB08-33 1784 1790 1952
LBEBO08-55 542 526
LBEB08-93 1890 1889 2000
LBP29-35 1305 1327 1406
LBP29-60 1186 1208
LBP29-95 3929 3878 4148
LBEB02-40 2355 2370 2470
LBEB02-54 3794 3847 4118

LBEB02-83 1184 1042
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APPENDIX H: SAMPLES SENT TO OUTSIDE LAB

Table H.1 Samples Sent to Outside Lab

Sample Date Bottle Sample  gerv-Tech
Name Collected Size Size Value
(ml) Mg/L
L BIW08-31-1 6/22/2009 500 mi 300 10
LBIW0S-50-1 6/22/2009 500 mi 250 9.8
LBIW09-96F-1 6/26/2009 250 ml 200 170
LBEB14-24F-2 6/23/2009 250 ml 250 64
LBEB14-56F-2 6/23/2009 250 ml 250 69
LBEB14-101F-1 6/24/2009 250 490
LBEB(8-33F-1 6/24/2009 250 mi 240 190
{ BEB08-55F-1 6/24/2009 250 ml 200 16
LBER08-93F-1 6/24/2009 250 mi 150 420
LBP29-35F-2 6/25/2009 250 mi 200 210
LBP29-60F-2 6/25/2009 250 mi 200 200
LBP29-95F-1 6/25/2009 250 ml 200 1000
LBEB241 7/7/2009 520
LBEB2-54 71712009 970
LBEB2-83 7/8/2009 160

ltalics denote improper sampling technique
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