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Abstract approved~~~ 
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 contmninant brine plume (Cr > 2000 n1g/L) that threatens 

the aquifer. Conventional geophysical and drillers' logs have been used to characterize 

aquifer geology, but do not allow for detailed assessn1ent of preferential lateral flow and 

irregular plutne margins in heterogeneous seditnents. 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 mSIIn) 

associated with the clay layers in this profile were observed at sin1ilar depths in the other 

profiles, suppotiing previous assmnptions of restricted vertical brine movement within 

the aquifer. In several cases, the EC logs identified additional clay layers or high 

pern1eability zones within clay layers, and clarified discrepancies between adjacent 



drillers' logs. Brine satnples were collected at three depths near each EC log. The lateral 

specific conductance and cr gradients observed across the site were coincident with 

increases in EC logs at depth. Associated EC values ( <80 tnS/m) in the tnost 

contaminated sand layers were below those for clay, identifying possible contatninant 

levels variations. The study demonstrates that EC logs tnay be used to better characterize 

and monitor brine migration in the aquifer. 
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CHAPTER 1 

INTRODUCTION 

Chloride contatnination of aquifers frotn natural and anthropogenic sources is a 

concen1 for many comtnunities that rely on aquifers as their main source of freshwater. 

The detection and tnonitoring of chloride contamination to n1itigate contatninant 

tnigration have become i1np01iant aspects of maintaining and protecting aquifers. The 

Equus Beds Aquifer is the sole groundwater source for the Kansas cotnmunities 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 

contatnination into the freshwater areas of the aquifer. Remediation efforts in place to 

mitigate contamination include an artificial recharge systetn 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 Sclunidt et al., 

2007) and the effectiveness of the ren1ediation 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 tnigration paths is important, given the 

nature of the recharge project and the fully penetrating public water supply wells. This 

research exan1ines direct-push electrical conductivity as a tool for identifying the 

presence and distribution of these preferential pathways, and illustrates their in1portance 

in chloride n1igration tnodcls ofthe Equus Beds Aquifer. 
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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, lilnited technology and physical inaccessibility. Much of the current 

characterization is derived frotn 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 could affect contaminant transport. 

Sediment cores tnay 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 satnple. 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 comtnonly fall back into the borehole upon retrieval 

(Sara, 2003). As an alternative, arrays of monitoring wells can be used to obtain 

nutnerous soil and groundwater satnples. These wells are expensive to install and are 

often too far apart to detect the tnigration paths of chloride contamination tlrrough the 

alluviun1. A cost effective n1eans of identifying these tnigration pathways is needed. 

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

tine-scale hydrostratigraphic details in unconsolidated low-salinity aquifers. When fluid 
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salinity is high, variations in the tluid chetnistry can also be detected using EC logs 

(Schuln1eister et al., 2003). Saline fluids are electrically conductive, creating a positive 

response to the cunent in1posed by DP-EC. In areas where the groundwater chetnistry 

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 becotne 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 ofDP-EC in identifying 

the presence of fine-scale hydrostratigraphic pathways in aquifers that possess both clay 

and high salinity fluids, and detnonstrate how EC logs and groundwater samples can be 

used to create n1odels of chloride n1igration and the aquifer's hydrostratigraphic features. 

1.2 Direct-push Technology 

3 

Direct-push tnethods have been used for subsurface characterization for several 

decades (Sara, 2003) and have tnany 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 Systetns, 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 1ninin1al atnount of waste since there are no auger cuttings to ren1ove (Sara, 

2003 ). The DP n1ethod also does not require drilling "fluids be introduced into the holes 

as is comn1on in son1e conventional drilling n1ethods. The unit is self-contained and does 

not need support equipment or require a large crew, reducing the cost of obtaining the 
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infonnation needed to characterize a site. An EC probe can be fitted at the bottotn of the 

rods and then driven into the ground to continuously record the electrical conductivity as 

the probe is advanced (Figure 1 ). Alternatively, a geochetnical profiling screen with 

expendable solid tip can be used to extract fluid san1ples from a given depth (Geoprobe, 

2001 ). The versatility and convenience of DP teclmology enhances the opportunities for 

site assesstnents. 

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; Schuhneister et al., 2003; Ohio EPA, 2005). OP-EC 

was developed in the tnid-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 



EC probe consists of a solid point probe with a dipole and Wenner array configuration to 

n1easure electrical conductivity (Figure 2). As the EC probe is advanced, a current is 

applied to the two outer electrodes and voltage is tneasured across the two inner 

electrodes. Given the applied current and the tneasured 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 potentiotneter mounted on the tnast of the DP unit tracks 

the depth and speed of advancetnent of the probe. 

® 
. 

, @ Altematfng 
Cu rrertt Source 

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 teclmology for subsurface 

characterization over conventional borehole methods. The continuous log allows for the 

collection of detailed EC profiles, which provides insight concen1ing the lithologic 

structures in situ, as opposed to the conventionaltneans of interpreting auger cuttings 
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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 tin1e required for set up at a site is 

approxin1ately 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 

6 

Electrical conductivity of aquifer tnaterials is controlled by the salinity of the fluid 

residing in the pore spaces and the cotnposition of the unconsolidated sediments. When 

the fluid chetnistry is dilute, sediment cmnposition 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 seditnents 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 1naterials 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 (Schuhneister et al., 2003). 

Chloride (Cr) 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 (Schultneister et al., 2003 ). A con1parison between EC logs, established 
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lithologic stratllln, and cr 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 geochetnistry (Hess, 

2005). To obtain samples of groundwater for cr 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 

7 

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

DP installation is purged, a fluid san1ple can be collected using a peristaltic or check-

value pun1p. 
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Figure 4. Geochemical profiling screen insert (modified), (Geoprobe, 2001). 

DP geochetnical profiling tnodifications 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 

(Schuhneister et al., 2004). The EC logs can be cotnpared to the chloride concentrations 

of satnples obtained by geochetnical 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 

movetnent 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 con11nunities (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 strean1s. 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 1low 
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directly between the strean1 and aquifer and back. Hot, dry sutntners cause water loss due 

to evapotranspiration. The specific yield of the Equus Beds Aquifer, which is the ratio of 

the volutne of water that the saturated aquifer material would yield by gravity to the 

vohnne of the aquifer tnaterial (Fetter, 2001), is estitnated as 20 percent (Hansen et al., 

2006). In the Wichita well field, the aquifer consists of about 80 percent solid tnaterials 

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 stnaller 

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 

Reclatnation, U.S. Departlnent 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 frotn 12 feetltnile to 8 feet/mile since 

1992, when the City of Wichita began to utilize Cheney as a tnajor source of surface 

water (Ziegler, 201 0) and limit its pumping frotn 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, 201 0). 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 

ptnnping 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 n1ainly of unconsolidated Quaternary and 

Tertiary sand and gravel (Young et al., 2001) deposited as strean1 bed alluviun1 on 
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Cretaceous and Pern1ian rocks consisting tnostly of shale, sandstone, gypsutn, anhydrite 

dol01nite, litnestone and halite (Willian1s et al., 1949). The Equus Beds Aquifer is 

considered pati of the High Plains Aquifer, which is located throughout poliions of 

Westen1 Nebraska, Westen1 Kansas, Easten1 Colorado, Northwest Texas and the 

Oklahotna 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 (1 00 ft) and is as thick as 76 m (250ft) in this area (Whittemore 

et al., 2007). These layers tnay act as a leaky confining layer at best, because of their 

litnited thickness, discontinuity or cotnplete absence (Young et al., 2001 ). The 

McPherson channel consists of unconsolidated seditnents, 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 frotn the Arkansas River, where it reaches 

levels considerably above 500 mg/L. (Whitten1ore et al., 2007). The Kansas Depmin1ent 

of Health and Environn1ent (KDHE) maintains that levels above 500 tng/L are not 

suitable for irrigation and public consun1n1ation. The Arkansas River acts as a confining 
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unit, keeping the higher salinity water fron11nixing with the freshwater east of the river. 

A recent study (Young et al., 2001) indicates that the Arkansas River confining unit tnay 

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 contatnination is derived frotn the residuals of oil field brine pits 

near Burrton, Kansas (Whittetnore 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). 

Natural sat! 
contammatton 

Known 

D Potential 

Unnatu rru saft 

0 20mi 
I I I 

0 20km 

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 ofbrine in-filtration into the aquifer was 

relatively high because the silt and clay layers overlaying the aquifer are relatively thin. 

In son1e cases, the botton1 of the pit tnay have actually breached the sand and gravel 

layers of the aquifer (Whittemore et al., 2007). Salt concentrations up to 2000 tng/L 
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have been identified (Figure 7; Klock, 2007, Whitten1ore et al., 2007). The 

contan1ination in the shallow aquifer is being diluted by rainwater and recharge. At the 

lower depths, the contan1ination has n1igrated laterally (Whittetnore et al., 2007), 

generally to the east. The lateral migration is dependant upon1nany factors including the 

aquifers hydraulic gradient, chloride concentration, and the presence of fine-scale 

pathways that would facilitate the lateraltnigrations, resulting in irregular encroachment 

boundaries. Chloride contan1ination in the groundwater has tnigrated down-gradient over 

three miles during the past 45 years (Ziegler et al., 201 0). The declining water levels due 

to oventse and drought have allowed the contan1inated water to approach the litnits of the 

freshwater in the aquifer (Young et al., 2001, Hansen et al., 2006, Ross Schmidt et al., 

2007, Ziegler et al., 201 0). The chloride contan1ination had reached levels of 500 mg/L 

near the Reno/Harvey County boundary at the middle depths (between 15 In to 46 m). 

1998 llZone Chl«<de ContOIK Map 
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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). 



The Kansas Corporation C01ntnission maps n1odeling chloride contatnination 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 Managetnent District #2 (GMD#2) was authorized by the 

Kansas legislature in 1972 to tnanage 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 

1nonitoring 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 

14 

The Equus Beds Aquifer is the pritnary water resource for Wichita and its 

sunounding communities. Over 17,000 acre-feet per year are putnped from the aquifer 

annually to supply municipal needs (Hansen, 2006). Additional amounts exceeding 

20,000 acre-feet per year are also withdrawn by inigation 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 

tnigration of saltwater from nearby areas of contamination (Rubin et al., 2001 ~ Ziegler et 

al., 201 0). In 1993, the City of Wichita changed it water use policy and began to rely 

In ore on surface water and less on the aquifer (Ziegler et al., 201 0). Large-scale recharge 

and recovery eff01is by Wichita and the U. S. Geological Survey are underway to protect 

and sustain the aquifer (Ross Schmidt ct al., 2007) and to accon1n1odate projected 



-----------------------------------~------------"~----------~----~--~-·----------------------

15 

population growth. Retnediation includes an artificial recharge systen1 (ASR), which is 

replenishing the water in the aquifer, and tnay prevent further encroachment fron1 the 

contan1inated water (Ziegler et al., 20 I 0). These effotis to retnediate the aquifer are 

confounded by the threat of chloride contmnination fron1 the multiple sources (Young et 

al., 200 I) 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 fron1 the Little Arkansas River 

(Ross Sclunidt 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 miificial 

recharge contributed 3% of the tnunicipal 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 exatnines the itnpmiance of seditnent cmnposition and fluid chen1istry 

in in-fluencing EC profiles by first correlating OP-EC logs obtained in low and high cr 

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 
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the DP probe holes provides a tneans of distinguishing the fluid chen1istry fluctuations 

fro In the hydrostratigraphic features. This distinction enables the delineation of the 

chloride contatninant boundaries and the contatninant 1noven1ent through the 

groundwater in the upper part of the aquifer. 

16 
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CHAPTER2 

METI-IODS 
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This chapter outlines the design and tnethods (field, lab and analytical) used in 

this study. It describes the rationale for site selection, and the tnethods that were used to 

collect infom1ation to determine the effectiveness of DP-EC logs in evaluating chloride 

contatnination and identifying fine-scale hydrostratigraphic pathways that would enable 

the contamination to migrate. 

2.1 Experimental Design 

A transect through the Burrton oil field bline plutne was selected for the 

evaluation of DP-EC logging and geochetnical san1pling (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 In, which 

approach the litnitations of DP unit. The EC logs were compared to driller's logs from 

nearby tnonitoring wells, to identify the relationship between seditnent types and EC 

signals. To assess the influence of cr 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 

smnples at each of the five locations were collected frotn three sand layers using a DP 

geoprotiling tool. Specific conductance (SpC) and chloride concentrations were 

tneasured in these smnples. Specific conductance n1easures the ability of the 'fluid to 

conduct electricity clue to the dissolved ions present in the water and can be directly 

compared to electrical conductivity measurements obtained during electrical 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 satnples was compared to the EC at the san1pled depth (averaged over the screen 

length) to establish their relationship. The EC probes tneasures the electrical conductivity 

of the substance it pass through in tnillisietnens per tneter (tnS/m). EC is affected not 

only the by sediment types, but also by the presence of fluid and dissolved 1nineral 

concentrations. Once the EC-SpC relationship was quantified, the chloride concentration 

could then be n1odeled. A geochemical cross section was constructed from these data. 
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Figure 8. The EC and geochemical sampling transect evaluated by the study. The 
wells lie along a 10.5 km transect across chloride plume boundaries, between the 
cities of Burrton and 1-Ialstead, Zone B between 15-46 m in depth. The prefix LB 
indicates EC boreholes at each well site. (Adapted from Kansas Corporation 
Commission data and Klock, 2007). Map created by John Barker, 2011. 
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2.2 Site Selection 

Deep wells (deeper than 50 tneters) with detailed drillers' logs (WWC5, 2009) 

located along an east-west transect that crosses a contatninant plutne between Bunion 

and Halstead, Kansas (Figure 8) were chosen for this study. The selected well locations 

are close to Wichita tnunicipal or GMD#2 n1onito1ing wells, with multiple wells of 

varying depths located at each site (except P29- which has only one well). Water well 

con1pletion records and drillers' logs obtained from the Kansas Geological Survey Water 

Well Cotnpletion (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 dtillers' logs were detailed, although sotne co-located logs had different 

interpretations of the tnaterial 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 frotn a model obtained from the Kansas Corporation Comtnission 

(Figure 7). OP-EC logs were obtained within 15 111 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 natning convention adopted for the EC and 

gcochctnical profile locations were the well identifiers preceded by the letters LB: 
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LBIW09, LBEB 14, LBEB08, LBP29, LBEB02. The eastermnost groundwater san1ple, 

LBIW09 (least contan1inated) was used to establish a baseline for the geochetnical 

profiling, as well as EC logs. The chloride concentrations in the satnples collected at this 

location were con1pared to the concentrations fron1 the other well locations in an attempt 

to characterize the presence and extent of the chloride contmnination in the upper levels 

ofthe 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 In was chosen, based upon the lithologic tnodel derived frotn the 

drillers' log and the litnitations of the DP equiptnent. At the site EB 14, the desired depth 

was not obtained because the probe could not be advanced through a resistant stratmn. 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 tneters 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 

san1pled using a DP rod with an expendable point, and a three-foot san1pling rod (screen­

point 30 DP) with 12 inches of vertically slotted screen exposed (Figure 3). The DP 

installations were purged of n1ore than three-rod volun1cs, smnpled using a n1echanical 



-

actuator, and filtered in the field using a 0.45-n1icron filter. Satnples were collected in 

labeled, polyethylene bottles according to standard field methods (Sanders, 1998) and 

placed in coolers on ice to tnaintain quality control. Samples were later stored in a 

sample refrigerator at the Etnporia State University (ESU) Hydrogeology Laboratory. 

Chain of custody forms were cotnpleted in accordance with standard field tnethods 

(Sanders, 1998). As described above, the samples were evaluated for chloride (Cr) 

concentrations and specific conductance (SpC) in the field. 

22 

After the EC logs and geochetnical profiling activities were con1pleted, the DP 

and EC probe holes were grouted with an injection tnachine or bentonite chips. All holes 

were plugged according to standard field n1ethods (Sanders, 1998). 

2.3.3 Field Analytical Methods 

Because fluid chetnistry influences the EC signal, both the chloride ion 

concentration and specific conductance (SpC) were tneasured in all profiles. SpC was 

measured in the field using a calibrated EC/TDS/Tetnperature tneter (Model HI98311; 

Hanna, 2009). All satnples were analyzed for cr 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 cr titret kits 

(Chen1etrics, 2009) were compared. The QuanTab test strips measured cr range 

between 30-600 tng/L, within I 0-20 incretnents. The cr titret kits used mercuric nitrate 

titrant in an acid solution with diphenylcarbazone as the end point indicator (Chen1etrics, 

201 0). Three kits, with various titration ranges (2-20 tng/L, 20-200 tng/L and 50-500 

n1g/L), were used. The titret has a 1 Oo/c1 error and the n1inin1un1 detection level is equal to 

the sn1allest unit of the range. Initially, the range was detern1incd with the QuanTab test 
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strip, and then the appropriate titret kit was used to detennine the chloride concentration 

in mg/L. Chloride values fron1 each 1nethod ranged fron1 6 mg/L to 1130Ing/L and were 

consistently within 10 1ng/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 sa1nples are shown in Table 1. 

Sample Name Average Chloride Concentration SpC EC Depth 
(bore-depth) (mg/L) (f.lS/cm) (mS/m) (Meter) 

LBIW09-31 6 34.3 10.58 10 
LBIW09-50 6.2 38.8 10.09 15.1 
LBIW09-96 187.5 112.1 24.94 27.2 

LBEB14-24 72.5 102.2 19.61 7.3 
LBEB14-56 78.5 66.1 21.51 16.9 
LBEB14-101 520 210.4 N/A 30.5 

LBEB08-33 225 178.4 37.12 10 

LBEB08-55* 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 392.9 53.28 28.7 

LBEB02-40 700 235.5 39.65 12.1 

LBEB02-54 1128 379.4 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 fl 20 added while obtaining this sample and 
may have altered the chloride and SpC values; no other fluid could be obtained). 

In satnples where the chloride concentrations exceed the litnits of the field 

tnethods (over 500 n1g/L), the smnples 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 san1ples are recorded in the data tables located in Appendix D. 

2.4 ESU Hydrogeology Laboratory Methods 

24 

At the ESU Hydrogeology laboratory, the field EC/TDS/Temperature tneter was 

calibrated using fresh calibration solution. All sarnples were retested for specific 

conductance. The satnples were also retested for chloride content using the Hach 

Chloride QuantTab Test Strips (Hach, 2009) and the Chen1etrics cr Titret kits 

(Chemetrics, 2009). SpC in field and ESU laboratory tests are well correlated 

(coefficient of determination, R2= 0.99) (Appendix G). The results frotn the external lab 

can be found in Appendix H. In general, the external lab results were well correlated 

with the field results (R2 = 1.0). The field tneasuretnents for chloride concentrations less 

than 20 n1g/L tended to be significantly lower ( < 4 tng/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, cr in san1ples from LBIW09 and 

LBP29 were measured using the Hach Spectrometer. These satnples contained the least 

and greatest chloride concentrations (respectively) at the site. The chloride values from 

both methods (spectrophotmneter and field) for LBP29 equaled 1130 mg/L. The 

concentrations obtained using the field methods for the lower contamination differed 

significantly (6.2 tng/L and 14.9 tng/L). 

2.5 Cross section Modeling Methods 

Cross sections displaying hydrostratigraphic features, EC, Cl" distributions and 

n1odeled predictions were contoured with SURFER spatialtnodeling soflware 

(Bresnahan, 200R). 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 0.15 111 to a depth of 34 tn). On the horizontal axis, the 

five locations where data was obtained spanned 10.2 kilotneters. The contouring 

software allows for the interpolation between the locations. These interpolations are an 

approxitnations of the stratigraphy based on the input files. The SURFER interpolates 

irregularly spaced XYZ data files into a regularly spaced grid (Bresnahan, 2008). Other 

paratneters used to create the grid file included the depth in tn ASL (Y coordinate) and 

the distance along the transect in kilon1eters (X coordinate). Given the disparity in the 

atnount of data available in theY and X axis, an anisotropy of 0.1 (lowest possible) was 

selected. The nutnber of lines paratneter included x-1 0, y = 1000 and a linear expression 

was chosen. This grid file was then contoured with the SURFER. 

A drillers' log tnodel was first generated. The different strata in the drillers' logs 

were assigned ntunerical 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 nutnerical value of 60. Clay was assigned a value of 90. Nu1nerical 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 

an1ount of data representing the vertical (depth) was n1uch greater proportionally than the 

data obtained horizontally (five sites). The horizontal line panuncter was set at 10, and at 

50 for the vertical to accon1n1odatc the greater an1ount of vertical data. EC and cr 
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distributions were also con1piled as cross sections using the satne set of SURFER 

paran1eters as used for the drillers' log n1odel. Electrical conductivity tnodels were first 

used to predict textural variations. Chloride n1odels based on the relationship between 

EC and SpC were then generated, and used to discen1 between fluid and clay 

contributions to the DP-EC values. Sediment and chloride cross sections that assun1ed 

typical aquifer porosities were created. 
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In this chapter, a con1parison of the information collected by the EC study with 

existing information about the site obtained fron1 the tnonitoring 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 tnodeled. The EC logs are 

presented in siinilar formats, so side-by-side cotnparisons 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 frotn 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 easten1 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 cotrelate with alternating high and low conductivity in the 

EC logs. The EC log suggest that alternating sandy and clay-rich layers tnake up the 

layer at 414 1n, which was interpreted as a homogeneous clay by the driller. The EC log 

indicated an area of clay at 427 111 that correlates with a clay layer on the driller's log at 

this depth. The driller's log also indicated a sand layer fron1 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 tn. 
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Progressing westward (Figure 8), the EB 14 lithologic profile indicates three 

coarse sand layers (Figure 1 0). Three drillers' logs from adjacent wells (separated by< 2 

m) at this location are different frmn each other. The deepest log interpretation was used 

to create the lithologic log. The log for EB 14B 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 EB 14C, this clay/sand mixture at 431 In 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 

LBEB14 indicates a thin(< 1 m) area ofhigher 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(< 1m), 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. 

I ~ 
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The third location where EC logs were obtained is located 1 tnile east and 1 tnile 

south of Bunion. Higher levels of cr contmnination (500 n1g/L) were observed at this 

location (Figure 8). The driller's log for E808 indicated tnostly sand with a stnall 

atnount of clay above 423 n1 ASL (Figure 11 ). A considerable clay layer consisting of 

two clay partitions borders the sand strata. The first one occurred at 420 tn ASL and is 

approxitnately 1 tn thick. There was a thin ( < 1 n1) band of sand below 420 In ASL. The 

clay layer continued at 419 m ASL to 417 m. The bottotn sand layer extended at least 7 

m down and was separated fron1 another sand strata at 409 m ASL by a thin(< ltn) layer 

of clay. The EC log for LBEB08 values associated with the sand layer above 423 tn ASL 

were tnuch higher than that typically associated with sand (<50 tnS/m). The EC log 

indicated that this sand layer tnust have sotne clay or other highly conductive material 

and consists of several bands of higher conductivity clay/silt lenses not tnore that 2 tn 

thick with interbedded layers of lower conductivity (sand). Some of these areas of 

moderate conductivity may indicate chloride contatnination, as the drillers' logs indicate 

a sand-producing layer. At 421 111 ASL, two tnoderate EC layers (>90 tnS/m) are 

separated by a thin(< 1m) 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 

411tn ASL (Figure 11). This alternating sequence ofhigh and low conductivity bands 

that gradually thin may indicate a fining-upward sequence created as the alluvium was 

deposited. Another interpretation 111ay be each layer was deposited independently. 
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The fourth EC location was located 1 tnile directly south of Bunion (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 In ASL consisted of a thin ( < 2tn) layer 

with sand-clay margins, totaling two meters inclusive. The clay layer located at 428 tn 

ASL was thicker (>2 tneters) than at 432 tn 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 1 0 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 1n ASL) are really two separate lenses. The EC 

logs indicate the presence of higher conductivity material in the tniddle sand layer. The 

higher EC values (>50 mS/m) of the middle sand layer tnay 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 tn ASL) may 

indicate a sequence of fining upward deposition. 
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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 cr 

contamination west of Bunion (Figure 8). The Equus Beds n1onitoring well EB02 is 

located one and one-half miles south and west of the oil brine pit. The lithologic cross 

section derived fron1 the drillers' log at this contarninated location indicated two sand 

layers separated by clay layers (Figure 13 ). The clay layer between 406 - 418 n1 ASL is 

depicted as a thick (12 m) clay layer with silty clay interspersed in the bottom 4 tn. A 

clay lens less than 1 1n 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 n1 ASL contains EC values 

less than 30tnS/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 

tin1es higher than observed at sin1ilar depths. This may indicate a saltwater lens above 

the clay layer at 416- 417 In ASL. The driller's log indicated thick clay and sand layers 

corresponding to the layers present in LBEB08, 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 tnS/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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These logs were obtained from the western-most, contaminated part of the study transect. EC logs are truncated above 150 
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3.2 Electrical Conductivity Logs 

Side-by-side c01nparisons of the EC logs from each location (Figure 14) indicate 

that the n1iddle clay layer is the n1ost continuous clay layer in the study area. This layer 

may restrict vertical groundwater n1ove1nent in the aquifer. This clay layer is quite 

evident in the EC logs for LBIW09, LBEB 14 and LBEB08. In the log for LP29, 

however, the clay layer shows up at a higher elevation (above 425 1n ASL) as opposed to 

below 425 m ASL at the first three locations. The westen11nost location LBEB02 

indicates a very stnall 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 n1S/n1) tnay indicate higher levels of chloride 

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

As discussed previously, Specific conductance (SpC) and chloride (Cl-) 

concentrations were obtained at three depths at each well location. SpC ranged fron1 34.3 

tnS/n1 to 392.9 tnS!tn and cr concentrations ranged fron1 6 n1g/L to 1130 tng/L (Table 1 ). 

A strong correlation (coefficient of determination, R2 = 0.96) between chloride 

concentration and SpC was observed when values obtained for each in all samples were 

cotnpared (Figure 15). This result detnonstrates the SpC values are prilnarily a reflection 

of the cr concentrations. The influence ofCr contan1ination on the DP-EC values was 

further exatnined by comparing SpC to EC values n1easured within the sampling interval 

(Figure 16). SpC was cotnpared to the average EC values for a 1-foot satnpling .interval 

at each satnple depth. Fluid SpC and DP-EC appear highly correlated. The high degree 

of correlation between these variables indicates that cr significantly affects the DP-EC 

electrical conductivity and that high EC values tnay indicate cr contamination. This 

relationship tnay allow cr tnigrationtnodels to be constn1cted frotn EC logs. 
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Figure 15. Chloride concentration and the specific conductance of the fluid samples 
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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°/o for SpC). 
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CHAPTER4 

DISCUSSION 

" 

In this chapter, a cross section created frotn the EC logs is cotnpared to a cross 

section created from the drillers' logs. Models of the clay layers and chloride 

contmnination are also presented. 

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

43 

EC values were obtained from the EC logs at 15 water satnpling depths to 

establish statistical relationships between sediment characteristics, water conductivity and 

EC values. Regression tnodel equations were derived fron1 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 cr graph to calculate the predicted 

chloride concentrations for given EC values. The resultant n1odel esthnated 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., 201 0), 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 15o/o and 25% porosities. Green triangles represent the derived data 

values obtained for cr concentrations (Figure 17). 

The model SpC and cr values show good correlation at all depths with the EC 

data at the three locations where the low chloride concentrations were observed in 

tnonitoring well data (LBIW09, LBEB14 and LBEB08). At two san1pling depths, LBP29 

(lowest) and LBEB02 (tnidclle ), the tnodeled SpC value for 15%> porosity (Ziegler et al., 

20 I 0) was a good fit, which n1ay indicate a clay-rich layer. At these locations and 
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depths, the modeled cr was higher, perhaps due to the cotnbined effects of ion content 

and clay rich tnatrix on the EC value. This EC value was then used to calculate the 

model cr value indicated. The overall results suggest that aquifer porosity is within the 

15o/o- 25% zone used in the tnodel. 
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Figure 17. EC profiles with modeled values created from the SpC and cr relationships obtained from the geochemical 
proiiling samples. The values were modeled by assuming 15o/o and 25°/o intrinsic porosity to correlate to clay and sand strata 
respectively. The white square represents 15o/o and the blue square represents 25°/o porosity. The green triangle represents 
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4.2 Lithologic Cross section of the Study Area Based On Drillers' Logs 

A n1odel cross section constructed based on drillers' logs (Figure 18) indicates 

two sand aquifers separated by a thin clay lens (approxin1ately 0.6 tn) at a depth about 

425 In ASL. The deeper sand stratmn is bordered below by a thick clay layer at 415 tn 

ASL, which separates it fron1 a third sand strata. The upper clay layer appears somewhat 

continuous across the site. This upper layer is thicker on the westen1 side and thins 

towards the east. This model is in general agreetnent with that proposed by other authors 

(Ross Sclunidt et al., 2007; Whittemore, 2007; Ziegler et al., 201 0) and is used for 

cotnparison to EC and cr n1odels 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 n1odeled cross section was generated based on the EC logs using the san1e 

model constraints used for the lithologic cross section (Figure 19). EC data were 

interpolated with blue values assigned to EC values greater than 90 tnShn and yellow was 

used for EC values below 30 mS/n1, with gradients in between. The n1odel 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 westenunost site. These high EC layers are not present in the easten1 

portion of the cross section, indicating the high EC areas are not continuous throughout 

the sites. 
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Figure 19. EC based lithologic models of the study transect. Vertical model boundaries include the top of the water table and 

bottom of EC logs 
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The lithologic n1odel (Figure 18) was superitnposed over the EC model (Figure 

19) creating a con1posite figure for cmnparison (Figure 20). The lithologic data is 

represented by blue (clay), green (silty clay), tan (sand with clay), or yellow (sand) 

transparent crosshatches. Clay identified frotn the drillers' logs conesponded 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 tnuch more detail and identified 

areas of low conductivity in the clay areas describe by the drillers' logs. These low 

conductivity areas tnay indicate that the clay strata consists of several clay lens rather 

than continuous clay layer. These lenses tnay allow pathways for the chloride 

contatnination to tnigrate vertically down gradient. The high chloride values have an 

influence on the EC model. Other discrepancies were identified when conelating 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 cr instead of clay. This 

relationship is explained in the next section. 



Clay 

Silty 
Clay 

1
~==:2 
;z~ ,_.. 
===~=~~ ~ 
~~~~i ~ .... 

QJ 

E ......... 
..J 

Sand l ~ 
with Ctayf. · · r:;: 

0 
; 

Sand 
ca 
> 
..!! 
1.1.1 

LBEB02 
4..3~r ·· ·· 

2 

west 

LBP29! LBEBO~S LBEB'J4, LBIW0'9 

3 4· 5 6 7 8 9 10 
east 

Distance (kilometers) 

51 

0 and above 

EC 
mS/m 

Figure 20. Lithologic model superimposed over EC model. Vertical model boundaries include the top of the water table and 
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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 1neasured in the sedilnents allows the fluid chen1istry's influence on the EC 

signal to be predicted at depths where no satnples were observed. By using SpC as 

independent vmiable and EC as the dependent variable, the linear expression 

EC=O.l2(SpC)- 10.21 was determined in 13 san1ples. The linear expression had a high 

coefficient of detennination (R2 = 0.94). (Two samples were not used: no EC data 

obtained due to probe malfunction at LBEB 14 depth 101 and sample LBEB08 at depth 

55 tnay 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 LBIW09 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 LBEB02. The EC logs with predicted EC values for all sites are 

shown in Figure 21. 
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A n1odel of the clay strata was created by utilizing the math function (part of the 

grid option) in the SURFER progran1. This option allows grids with similar size and 

node nutnbers to be subtracted fr01n one another~ the difference is contoured. Subtracting 

the predicted EC grid, which represented the EC values predicted to represent the sand 

layers and groundwater, fron1 the original EC data grid, created a clay tnodel grid. This 

clay grid was then contoured, using green to indicate clay-rich areas. This clay tnodel 

cross section was superimposed upon the original EC cross section (Figure 19) for 

comparison (Figure 22). The tnodeled 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 - 422 111, tnay 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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4.5 Chloride Distribution Models 

Given the high degree of correlation (R2= 0.96 for the coefficient of 

detennination) between cr concentrations and SpC in the groundwater at the site, (Figure 

15), a nu1nerical relationship based upon the slope intercept of a scatter plot of the Cr ion 

and SpC values was detennined. 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°/o) and unit change (1nS/m 

to )lS/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 andy= 

chloride; Figure 15). The resulting data was used to create an input data file for the 

SURFER contouring software to create the chloride 1nodel 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 cr concentrations indicated in the n1odel were confirn1ed by 

groundwater satnples collected fron1 the probe locations and are in agreetnent with data 

from existing Equus Beds monitoring wells. There is son1e overlapping of the clay and 

chloride models. That is, neither 1nodel could distinguish between high EC values due to 

chloride content or clay. 

The chloride and clay models were superin1posed 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 fro1n the existing contatnination site. The 

chloride contan1ination appears to be migrating eastward, finding a pathway above a clay 

layer located at a depth of 415 In (ASL) under the LBEB02 and LBP29 well sites, and it 

extends eastward toward LBEB08. 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 tng/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). Whittmnore 

believes this contamination is the nose of the phnne as it tnigrates eastward. The model 

also predicts chloride contmnination at IW09, which was not indicated in the recent 

studies or in the groundwater satnples. 
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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. 
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Because the porosity of the aquifer varies, possible high and low porosity values 

were considered in the tnodels to account for the range of porosities and their effect of the 

EC values. Using cr concentration values tneasured in the groundwater satnples, the EC 

data was modeled using two porosities of 15o/o and 25%. These values were chosen 

because they represent the effective porosities typically found in the Equus Beds aquifer 

(Ziegler et al., 201 0). The EC data were first cotnpared 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 tnodel better represents the clay and high chloride zones, there is still a great 

deal of overlap, especially in the highly contatninated zones. This two-tier model did 

resolve the high clay zones in LBEB14 and LBEB08 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 422tn ASL) at EB14, which correspond to 

recent studies (Whittemore, 20 12). 
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In this study, EC logs confinned 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, (Schuln1eister et al, 2003 ). 

More importantly, EC logs reveal thin areas of low conductivity within clay sedin1ents 

thetnselves. These areas can allow chloride migration vertically through less permeable 

zone and then laterally through areas of high pen11eability (sand). This stair-stepping 

chloride tnigration (Whittetnore, 20 12) within the thin zones presents an atypical 

contatninant n1odel, which n1ay be overlooked in conventional plun1e modeling. EC log 

can reveal the stratification of both the seditnents and the chloride plume, resulting in 

area of high chloride concentrations within the pltnne. 

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 areas may be misinterpreted as clay layer (typically< 

90 n1S!tn. 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 tick! samples arc obtained, providing the rationale f(w EC interpretations. 
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If the chloride concentrations are excessive, they can overwhelm the DP-EC signal. To 

effectively n1odel the chloride plun1e, a lin1iting schen1e tnust be etnployed to filter out 

the high EC associated with clays. This can be achieved by using the san1e schen1e 

initially utilized, but by adding an upper limit to screen out the values associated with 

clays and high chloride values (> 90 n1S/n1). The assumption is that the leading edge of 

the chloride plutne would not be as concentrated and would fall so1newhere below 90 

mS/m. By cotnparing the chloride contour to the lithologic contour and current plutne 

models, the irregular plun1e margins can be n1ore fully delineated. 

The EC data provides a tneans of obtaining current, cost-effective and accurate 

data of the hydrostratigraphic conditions that exist at Equus Beds aquifer. The areas of 

lower electrical conductivity tnay provide pathways for contmninant tnigration into the 

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

track the probable pathways of chloride tnigration. Tracking contan1inant 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 

geochetnistry is vital to ensure the retnediation efforts are the most effective at mitigating 

the harn1ful effects of the contatnination. 

The con1bination of the DP-EC logging and geochen1ical sampling may be used to 

track other inorganic changes that tnay occur in the Equus Beds Aquifer. Changes to 

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

toxic metals such as arsenic and chrotnium that may be introduced into the aquifer as 

such redox changes occur. 
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Aquifers are commonly impacted by natural recharge mechanistns 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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APPENDIX A: KANSAS CORPORATION MAPS 

A.l Zone A Chloride Concentration Map (Shallow) 
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A.2 Zone C Chloride Concentration Map (Deep) 
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APPENDIX B: WELL COMPLETION RECORDS 

B.l Well Completion Record for IW09 
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B.2 Well Completion Record EB14 
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~ GFK)UT MA.TERIIJ..: 1 N!!:c: :x:n!!n: 2 C.crrc~t grcr~l 
I Graul lnl~rvals: fwm . . . 0. . . . . f:. ID ..•. 265. . . It. F;a-n .. 
1 

Wh!l.t e: 1he 'lei!!~ :aurt:l! c:rl ~1:1e ccntlll"'i'l~ar 
• ·~clifnk ~~~~ 7 Atpri'ro' 11 r Jie'! !W:lragc 15 01 wttiL'Oa..s ...-""• 

2 8ewtlr h'lfl!!l 5 04~~ pool 

3 Wato!!l1ighl ~ li:o~ 6 Seo:;,~e t:Jil 
a Sewt!t;J!! l!rijOOn 

9 f'~~~d 

10 Uvt:Wt:k pet1!!: 14 Abiii'Kio-1ed ~~n~Le· .,.eo I I 
12 reniizco• !11.1:lr.!t'J~ 16 Olh'-"' (!I~ ~~O'oLY) ! ~ 
1.:1 I!W.:!tliui:lft el.OJ';!t~~ 

H:Jw_ .".:! fe~!L__5,Q~.~~:-:-:~=~,.,.------i 
--1-..,!...:..=!'-l-_.:.;TQ. .... . ~G4NG II>JTER'JI<LH m 

North 

------------------1 r 

·------------· 
·--1----+----1------·------------

---------t----;-----r------·-------· 
.98.. -TiUJ--- ... -------1-·-·----·---·------
235.1• _ ~m .Clay 260 _ _Flne Sand 
285 Gray Shale 

~TFI.oioCTOR'S {)R L.Jo.NOO'WNER'S CERTI!=IC"-1100: Tlti~; oii.!JtDo• llil'l'!l wu (l~n~ (.:.!;• r~r.I'A'Islr;.u:ted, or 1;)1 pluoo~d Li'J~r rn't' ,l.Ui!!dl:tio~ -lind 'llo'EIS 

~tt:d 00 !1"'1£liday:~r·l ....... 1.0,~.6 ..... 9D-. . . . . . . . . . . . . . . . . . . . . . . lUld 11~s r~ro-d i~ 111.1e lo11JO bc::tLd IT!}' ~111.11'1'1t!d~ in'd l:ttllitlf. KarlSS!l 

w~r \\'ell Qlptrllo(;".(lr·$ --~:.>!11'1111!1 Nr:), • • • • • 13£ .... ·. Ths W&el.. ~Nell P.aoo····rcl w~ cD!Tip'lel .. ~ oo lmC•'d.ay•Vr:• "!-. ./ J.7 .7 -.tf.O.. . . . . . i1 
Lrflei!!t tl\e lltJ:ir'ltf!l!l ra•ne of Pot-croon ::Q;:rigati.qlt-L--l_:J'!f; ~ ·---- ·---Pi ·:~ism:e~ILre)_ .• ...,J?l/-LI..!'L...I~'I#.4__.., -~~~......-:.~.:J::oo.c:---l 

ta"'HJC f•~S: u..;. 1,..__illl• ,; t.ll ;)l)I•J ph ;>LEI. D.€ ~ii ,"'l'i'fl.r ol'.IJ ~ c CIJti P ~ II lr1 ~~Ji~ IYI-:'~"'11 ~ .;h: 1:> 111' OO"~cl W?hl:i" .... So•t '»~ d..-o.: O<l.NJ 1: 1'1.\o,..... r:..,,.,kronl 
.,1 HYd· <iod Elr.1 .._~ 1101 .1. B.i(\1. o:Jo,lo.liL'I, T~: .... ~·'Ui.• 00:::117:120 T<l~:frl E-13 l;:(.lj;AJ;; <;i~:toj llm Ito II','JO.Tt'F. ~1'!1.1 Q.\lllrF 1N r<J1,11'o ton-e V ~'W I'Q~~ 



-------- -----~----··--------~--·--~---·-·~~------ --

B.3 Well Completion Record for EB08 

Township Number 
T 23 S 

£/i·:.gc_ 
RR#, St Address, Box# Spruce Board of Agriculture, Division of Water Resource 

• ' ~- ztp Code : 7056 1925 ----···-· ~--------~Qn Number: ---· _ ·---·---- .... _ . 

. ~!EI!N~~~~ WITH 4 DEPTH OF COMPLETED WELL. ... ~- ft. ELEVATION: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .•.. 

N Depth{s) Groondwater Encountered 1 ...... 1.5..... . ... ft. 2. . ............... ft. 3 .................. ft. 

-~ : t WELL'S STATIC WATER LEVEL ..... 1. ~ .... ft. below land surface measured on mo/day/yr ... ~~:-.~-:-~9 ....... . 
__ N-H ____ ~e __ Pump test data: Well water was .......•... ft. after . . . . . . . . . . . hours pumping ........... gpm 

1 1 Est YM!Id - · · . . . • . gpm: Well water was . . . . . . . . . . . ft. after . . . . . . . . . . . hours pumping . . . . . . . . . . . gpm 

I I Bore Hole Diameter .. -~ ..... .in. to ......• ??~ ........ ft., and .•................ in. to .........•..•.. fl. 

73 

I I WELL WATER TO BE USED AS: 5 Public water supply 8 Air conditioning 11 Injection well ~ 
_ ~ _ _ _ _ ~ _ _ 1 Domestic 3 Feedlot 6 Oil field water supply 9 Dewatering 12 Other (Specify below) 5 

w 

1 2 Irrigation 4 Industrial 7 Lawn and garden only 10 Monitoring well .... , . . . . . . . . . . • • • . • . . . . . . . . . . • . ~ 
I Was a chemicallbacteriological sample submitted to Department? Yes . No ... X. ..... ; II yes, motday/yr sample was sub !(l 

mitted Water Well Disinfected? Yes No X ~ 
5 Wrought iron 8 Concrete tile CASING JOINTS: Glued . .X ... Clamped . . . . . . ~ 

1 Steel 6 Asbestos-Cement 9 Other (specify below) Welded . . . . . . . .......... . 

2 PVC'" 4 ASS 7 Fiberglass . . . . . . . . . . . . . . . . . . . . . . . . . . . Threaded ............ . 

Baank casing ciame1er .. 2. steel .. in. to ..... 7. ....... ft .• Dia ..... 2 .W.C .. in. to .... 200 ...... ft., Dla .......... in. to ............. ft. 

Casing height above land surface ..... 36. ... in .• weight ..... 1 ~ .7.03 .............. lbs.lft. Wall thickness or gauge No. . .. •) .54 ......... . 
TYPE OF SCREEN OR PERFORATION MATERIAL: 7 PVC 10 Asbestos-cement 

1 Steel 3 Stainless steel 5 Fiberglass 8 AMP (SA) 11 Other {specify) . . . • . . . . . . . . . . . . . . . . -i 

2 Brass 4 Galvanized steel 6 Concrete tile 9 ABS 12 None used (open hole) 
SCREEN OR PERFORATION OPENINGS ARE: 5 Gauzed wrapped 8 Saw cut 11 None (open hole) 

1 Continuoos slot 3 Mill slot 6 Wrre wrapped 9 Drilled holes 

2 louven!d shutter 4 Key punched OO 
SCREEN-PERFORATED INTERVALS: From .... ~ ..... 

7 Torch cut 
21 0 

10 Other (specify) .......................... . 

. . ft. to ................. ft .• From ................. ft. to ................. ft. 

From ................ ft. to ................. ft., From ............•.... ft. to. . .......... ft. ll 

GRAVEL PACK INTERVALS: From .... 1~~ ......... ft. to ....... ~-~4 ...... ft., From .....•........... ft. to .................. fl. 

From ft. to ft .. From ft. to ft. 
6 GROUT MATERIAL: 1 Neat cement 2 Cement grout 3 Bentonite 4 Other ..............•...................... 

Grout lnte1vats: From ... 0.. ft. to .... 190 ..... ft., From ......... ~- .......... ft., From ............ ft. to ............ ft. 

What rs the nearest source of possible contaminatiOn: 

1 Septic tank 4 Lateral fines 

2 Sewer lines 5 Cess pool 

3 Watertight sewer lines 6 Seepage pit 

South 

7 Pit privy 

8 Sewage lagoon 

9 Feedyard 

10 Livestock pens 
11 Fuel SJorage 

12 Fertilizer storage 

14 Abandoned water well 

15 Oil well/Gas well 

16 Other (specify below) ~ 

500 ft 

---------------------

-----··---·· 
CONTRACTOO'S OR ~~-~;S CER.;~-~-~TION: Tll~~~~~:;~ !D constructed, (2) reconstructed, or (3) plugged under my jurisdiction and was 

completed on (moidaytyear) ............ 10:-5-,.90. . . . . . . . . . . . . . . . . . . . . . . . . . . and this record is true to the best of my knowted~ 
0
and belief. Kansas 

wamr- WeM Contrac!or's license No. . ...... 138 . . . . . . . . . This Water Well Record was completed on (motday/yr) .,. ;.~ ;;1 . r. . ':'l . . . . . . . . . . . . . . $-

under the business name of Peterson Irri tion Inc. b si nature 
• · 01 ball point pen. PLEASE PRESS FIRMLY and !1J!!!I clearly. P1eiiJie ftlttn blanks, underline or circle the COH11C! anewens. Send lop three copies !0 Kansas Department 

:=:~eau o1 Wa1er. Topeka. Kansas 66620o7320. TelePhone: 913·296-5545. SMd one to WATER WELL OWNER and retain one lor your records. 



.. -------------------------------------------------~------~-------
B.4 Well Completion Record for P29 

Note: P29 Record received fron1 T. Boese ofEquus Beds Groundwater Managen1ent 
District in poor condition. It was not available fron1 the WWC database. 

RE.~EtVED 
. ·MAY'~ 1 zoo3 o~~:~=--~~l~!_i_rr.~_~-~.-.··.r·c._."fl_ .... _:.:._ .... ·:o ·~-=-~.·.·_,,t.~-.-~'·:,: ·.'"_~: .. ,,,!,"~:._: •.. ~~~~&~~~A,ra&~~¥Q~~~ · ·· ·REcbltth)F~ wiLL .. ,.E"29" ·;;:;;·;t:: r,;;;~;~j,. :;;;;; ;;;·~.:::.;q·· 

• . . ~-~--· .. -J•l:·· ''"' .... " ........ , ~: .. , . ....... ,, "' ~ --·---· .... ~ -··· •. . ' ~ l"', 'sEC~:··. 32 ( 
1. Location: State"---~~----- County ____ ...JI~..ey.: _____ . ..L ... ,_,,.._._."·.:.J, .. 

li=~t;~~:~f:~~?;f~:_.~;,w;:i~t~~~~2t~-

.::,ii~~%*a~:r;;~~~q~~R~:I::-~·-· 
4~· l!il~y;t1;lQn,o~.toprof well:-: ~R~~----· :ft.,-~· ·~_..,..,. ____ ~.the lev~l of~---------~-----..,·------· 

· .:: .. :.,<'''~\;.:::;.~·. ·: ~ . . '.!!.\~~~~Ci:J:~:~- ·i• ,,::~ ......... ; ..• _::.:.cAlii'IV?~'!:b.to~)-~'::~,._,,, -~;:r ···· .... ···~it" C:'!~~·,~a~-~}A~~:?:,att:eam) • _,., ... . 
5 .. Type.of wefi: -:-:---- . · . · --. _______ ;-kind o:fdtllling·ng usefi -:-·.,.:.....c~~.L;.:;,_~.:;._:,":~!·;;;;.::..:...._....,-:--~-··-:--:-" 

s, ·~;tJ;~fj~;;~~!f're:~~~~ill~ we11:fat.'~~·1=~-±~~~·,:~£::::''·· 
L. ~- '·-~' _,.:.c.tr.oes_.,w~ll·ell:te;r;:coclt .. : . ..;..,....t-,;,·;:lf. s.o.;;.an:~h~t."d~i;lL1:·:......::... • ...!'_r·-·ft •. ; .. kmt;L.o:f-.!:.tto~l!!{"c..:.-.... --.... :c.: •••. ..:,...:.::.::.:... • ..c.:.c-

i:.~r~~~~~~~#~~~~~;;~~~~~~~~'fi.t:::::~~~~ 
............ l!f otrrer.yv:~~et. guppli~a .)'tel:e:.:ft)und,.!~~e:.aepth);~.:~cm .. ;.. ... ~~.a .... ~~~~::...,::.. ·· ···· · :- · ..:..~~·~---. 

. -~· .·.?.~~~-~~ :.; ~~:~~:'· .... :~~±.:·~-~~;~.: ... ~~~f:\~:·t~~~!:.h~~:~-~~~L~-~ttr.~~~,:~~!t4'P~1~~-9.:~~~~~~~=~~:-~~~~~~-
·····M~;:2~:~f.:u.~~~~=l~,j!~~~!~!!:~:.i~:·· 

Screen or Strainer:. Was ~e~-'finished: with..scr.e·en.t; .• ~ea.~; .. k;ind o~-ser~~~ ~.w.eJ.J__p~~---~~; 

10: ~~7:.~::::i:..:~:::ti~~~;:.~~~-i~j~ii~~-
..... if.· flow-ing,., give. pressure:....... ,.... .... lb .. pen, 114·-inch;;,otheight ¥f~~r-~V#ll;J.i~~ilt·B.•?iP~ ""'_..Afu,.allo~e-surla%•;· 

. o;igiiutl pressure. or hea:ct __ .. -·· -~ r-if ~ot ft.~kiug, give ·;F~ter levei:iJl; w~ll .. l~.'...!i:L~ :ft. oel~w surlace; 
:--: ... ,, ._ •... ,;. .. :.· .· ·:·"":_·".'''' _~ • ...,:. ·:·-1-~ ....... - .~' .. ''-:':.. :'_.'"··:'<-: ···•'''"'"'~:·":·-,-, ........ .,.. ..... _~~t ..... ~.· .. ·t•·"··~~ .... ~ ~-·"-·'""~~ .... ;..: ....... ; .. ·• ........ :.~·-· ..... ,,- .. ~-"'""'."''"':"-•······-·· 

1.1. PUIIlp: Is the well ptini:Pe4·~: .... no. ;:__l; klind·.·of p~mp ""..:..·-f'-:'-~"-:'-:-----· -·-·-.-~--·--·--------: 
siie· or c~pac1tr: of.' Dum~'=::~.:~=.;::.:.::.:~::.::-··~+ .. '-_-~.:~~---F~~d,:.of"p(iW,~i<:::·· ..... _ -·~·:::.::=: :· .. " ...• ·: :.::.:.:;; · 

12, , y;iekt::·Naturalflow a.t .pres"Il,t.{if.any.~a2~JL.,-gall()ns;w(;lr mjn~lie·;:o!'iginal..tlow:.::.i..l;!PD.agallo-llB·;p&ll·minute·i · 

well h,a.s l)een pUmned· *-...Y-!!.12:::-..C.~~;-... ·-~~ gallo11s per kmute eontiniloualy fbr~--~----~ hQurs; 

·n ··· .... ,q~~~~tlty~~:~~~t~r~~~~f.~~ .obt~~·rle~:f~~~.:~~f~~~:~~~+=:~:~!~i~~~~?i~::~-~~~:: .. ::· .. ·. ·.~:. ::~::· -~-.-~:. :-~~~~ 
t.), l1ae. For what Il\ll'I>Olle 1s. tl~e water llSed? --·-····---:--·-····-··---,-·-·-------····-.. -·-····-···--·---···-""·----····--·-····--··-

. · · l - yes 
1.4. tluali.t.y. of .tbe water: ""'--'··-•·-.. ~.oft~:.Dn: .. ".c ......... ; •• c..:.~:" .. "'-~-...;~ .. ~ ; · ia ·thoru ·IUl:· analysis-?· ".:.~";:....;c •• ,.;. .. ;::.:.:.;.:...:.:..: •• ,:., 

(nsrd or ao1J:, f11toh or s~lty,<rtc..) : . r:c;; () 
Hi. Cost of wtJII~ not iitc.ludh~g pump: ·;··:···-::·~:~·-··:·::~·-~· .. ". _ . _ ...... . . , T~r~lrl~)~·~tl_l;!'l tlLVIf~tor, .... 2.:.~ .. --··:~-~.Jr. 

Name of lli:n'I.~Ollfillingihl!mk .............. ~:'.!'.~-~::.~ ...... :.::.!.~----~~~~,~~-~ ................ - .................................. _ ......... - ............. . 

!)ate .~ .. -..... Jl.W.!i!.l:1, .... l93J.:•-- ··A.ddi·Him .. · .. ,·--·-----J¥-J .... u.~ow.iJ...,-··l'•iJ.n~u.M--·--··--------·------------.. -···-...... _ ...• ~ ................. _ ......... . 

74 



s - n=r= NXn==rn=='-==·· 
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.... 
I.~OG OF': W:EliE'. 

' , 'I ~; ' . ,_ ' 

, . . ... ..;__.----.:.... . ...:...:..~-=~------·- -~===-~~ F.RlllT._..=.,_,._,~::: .. ::=·=.~= .. -=·=-=====-· .. - . :::::=. 

lONl) OF·JiO()J£ OR O'l'HER.:ilt'ATllRTAJ.. -~-.--.- .. 1'HICKNESS, . . . RnM'A.RU. ·, :-, 
~~~..., l'l>!tund t~lhrhetblll'liliril tli'II!Jft) •;_.,::'J;u.-.·\i: •,;,_JN<II'E.lll"~i'<'' ' /(~!Ally lnCni'Jnllt!on 11.11 Iii wa!Brfotlli<l) 

.:?.~~?.~::er.~~--~~~9l.J:2~ ....... ::~= ........ !~·~· ·L-~: ..... 9..!9~ :.·:~:·~:~_3i:Q. ~---~--:~=~~~2-~ ·:·.~_:::~----~-?-~~------: ......... : ...... ~----···· 
·f~~~~!:i.~~~~t-~¥~a,~~tl/i~~ ::~~;~?~Q: :.:~:.'~-,"~.,~, [''~_;.,"~~-: ... :~~4L~z~.4ito·-~·······-, 
lieq~R.l,'!~~ ,tJ,~hl~ .~: gtta.vel . . . . . . . ~· 0 .. . . 12.0. .. ,.:,;;: .,{~c •• o .. ,, ,·~ t'~J:·lp;1 r;na .~!5.;.,. ~$:;3'; :fg ... o 
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B.5 Well Completion Record for EB02 

-;JLOCATJ()N OF WAT£R WEU.: I Fntclloo J~H~~~ TOW!\IINJ) Hvmbor I ~N~ CQIUill;y.:RGN() tm V4 NW 11<4 ME 1/4 :.'!4S 04 WEST 

D~s~Meo Mel dnction fi'On'l nocllroet t.wm f:tt ol)' itrMt.rd~ or ,......lllkle41$d ~ ~~~ 
E8 2 B is IOCltt«l 0.6 mlCJ Wtr$'1 ~ :30 r.t4 $OUth of~ Ad~ SltoW Rd 

1-!JWATERWELL OWNE'A~ ~~M-Bedn GloundwBIIIIf"Manngemer~tDiulllctNo. 2 
AA•. St Adcl'fM.s, Boll If: 31 :J Spf\1019 SWG• B<MI:td of /1.9rSooltU«<, Ci'l'laloo of Wa\Oi" ~rCM 
C~.Siilll41, .DPCoc$o Ha1•t.S,~ ... e10Se ~tloii\Nu~: PITA 

~tOCA'Y'EWt:U."S LOCA'TION 1-!1 DEPTH OF COMf'I.EJ'EtJ Weu. 65.0 feet ElEVATION: UNll< ~ 
ITH AN "'X" IN SECTION~ O.pth Gro~tt EncourtliWod 1 1.11 ... t 2 ttMt 3 fNt 

WEE· 
WEU.'S: STATIC WATUt. LE\IEl. 1. ~ 1 tM1 beJow Ud PI Moo mMIW(Id C(l W'11X» ~1'/r 

PUITflo I"" ~t$: W$11 Wll:erWIIS fMt att..r hllll pur1'lllno gpm 
Eo~od Vlold ~.s g,pm: woa ~ Wlilt 10Cit ~ t'lllt~ gpm 
Bore ~ Diameter M >Inch 10 65.0 liMit IIIOd lrdl 10 fHt: 

WELL WATER IS USED I& D 5 Pl.llblie w.ater supply 08 Alr~011 kl.l~ 
Cl1~11o c:J 3 Ftt(I(Jt [J 6 Oiifi01dwa~t~ 0 9 OlhY.dering 012 Other (lll*llfy ~• 
D2~1on D" ~nt~v•lrlltl [1'7 a..wn ...w.t ~only 18l10 Mon1101fno .,..._ 
Wu .a oo.m1oa\tbecterkliogloal M~• aubmltt.O ~ O.p~11m4«1t1 HO ; 1r yo..~ 

......... 1 mJ4I ___..,.. ~ M~w.aa.tOOmltled WaW.CWiU Ol~r.c.t? NO a 
1--!J:rvPE OF BlANK CASIHG IJSEO: CJ 5 WfOUitrt II'Q"I CIG CooQo\'14v- th CASING JOINTS 1811 Gk,IH Clta~~ 

18)1 SIMI 0 3 RMP' (SA) DB~ 090ber(~~) OWeldod 1m :2 PVC 0 <t .t.aS 07~ 181 T1lrNtded 
8ltmt oeas~no dla11'1809!STEeL 2 ~ 10 1 .a r~. Cliarrle1wPVC 2 loc:he$10 ~ , ~* fOliO ,... 
061'1lng ~ABOVE land aurra.oe 36.o inl:ha6. ~ pooodalfoot WalllhlcbloMa 01' !09tugD & 
TYPE Of SCFIEEN OA PERFORATION PMTERW..: ~ 7 PVC 010 Aabes~t 
81 S1l)tf 0 3 ~i\lt$$...,.... 8 .5 FlW'Qtlll$$ 0 I RMP(.SR~ 0 11 Oth« ($p6CIIy 

i <Enllo$ o 4 GaM'*"-d .ftMI e eono-• .-, OtADS [J 12 Notltt Udi6d (opon hole) 
SCREEN OR PEAFOAATIOt'il OPENINGS AAE: [J 6 GaumWraPI*f Cl e sawcut [J 11 ~ {0\*' td41} 
01~I.JOLIS~ E8l 3 l;lllfs.at [J G Wire Wlapped 0 90Mad~ 
CJ 2 Lo~ $11\ltl ... 0 4 K.ty Pvoc~J«S CJ 1 T()t(:h c~ Cl10 CltJ'IGt (opecil:fl 

SCR:eeN.f'EfiFORATfD INTERVALS: From 65.0 feet to56..CI fHl,. From HMI'l to ~t 
Fn)M foot lo fooil. Fcom ,... to ,... 

GRA.vet PACK IKTERVA'LS: From 65.0 feat k> 60.0 I'IHIL from feet k> fMt 
F«H'l'' fN't ((I Fed(, From r.ftC10 ,... 

~GROUTMA.TEfUAI..; 1 NN'cerntfiC 181 2 Cemefitorout 0 3 etnb'IIC. 181 4CIIJ'I0\'0 
... 

Gtootrt'ller.oall: Fttlm(1) 50.0 hMit to &.0 iMt , From ~ &.0 fHt lo 0.0 fMII , FIOn'l te.t 10 reec 
Who!tt Jt. 0141 floN.I1Jit.1 &Ource o' llQNibki4Xllltamlna11oo: 010 ~'*"' ou~.,..-~.,.,..1 
01 $epllc~ 0 .. l.a1Bflllllli1r"'N 07 Alpl'lt.ty 0 11 Fuel s.10nlige 015 Ol~w.tl 
02 Si~MtlinH 0 !i C..J)(ld D8~1aQ!'!Ct1 012 Fdl.l« mi. 18:1\6 ott.r {apedfy below) 
0 3- wa1trt~g~~t "'* ,..,. (JO.~pll CJ 9' fff(lyjl(l 013~~ OILFIELD TANKS 

otrectiorr trom weln NOA1H How many feet? 1.300 
t'I1U!M I'U l IHUI. 

0.0 3.0 LOAM, brown 
3.0 .23.0 SAND, meCJium to coarse~ brown 
23.0 ·45.0 ~ANU, nne to coafSe, orown 
45.0 ti!;).U ~:ANI.J-' coarse 
65.0 66.0 GlAY 

1-.tJ OWNER'S CERTlfiCA. TION: lhla watM WGII wa• oon'"rucled on 10IMJO(moldaylytet under my too~n and thlt reoord b~ I'JUf to the 
bold or rny knowledge and bell~. Thla Water WeH Record wM ~tod oo 2fl/01 (!YH)fd'.tyl)'tar) un<Hrt U'1+ bllalntM nam• of ;swYA Btdt 
~~!.!*A!!tMtiiOA$lllnte4~1~ tis:! .2. Ken.a~~.~~ 

----------------------------·~ 



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 -97.6112 LBIW09 26 HPT String Pot broke 
LBIW09B 3.85 HPT 
LBIW09C 108.8 HPT Good Log 

GMD#2 EB14 38.00539 -97.6295 LBEB14A 12.5 HPT Noisy log 
LBEB14B 0 HPT 
LBEB14B2 108.75 HPT Noisy Log 
LBEB14EC2 81.45 EC Good Log 

GMD#2 EB08 38.00416 -97.6456 LBEB08a 126.05 HPT Lost Probe 

Wichita P29 LBP29 124 HPT Good Log 
WBurmac6-25 

GMD#2 EB02 37.99865 -97.7097 LBEB02a 101.15 HPT 
LBEB02E 101.15 EC Good Log 

Field Notes: 

77 

Two EC log were obtained at LBEB 14 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 VALVES FOR GEOCHEMCIAL PROFILES 

Appendix C contains the calculated EC values for geochetnical profiling samples. After 
the depth of the san1ple screen was determined, the DP-EC longs were examined. 
Su1n1ning 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.l Electrical Conductivity Data Averaged over the screen length 

Sample 
(ECiog-depth) 

Average EC 
(mS/m) 

Screen Depth 
(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 

LBEBOB-33 37.12 33-32 

LBEBOB-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 

LBEB02-40 39.65 40-41 

LBEB02-54 53.28 55-54 

LBEB02-83 98.27 83-84 
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APPENDIX E. CHLORIDE CONCENTRATIONS 

Table D.l includes the chloride concentrations associated with the san1ples taken frmn 
satnpling locations: LBIW09, LBEB14, LBEBO, LBP29, and LBEB02. If there was 
enough fluid volutne, the san1ple was filtered with 0.45f,lM cellulose nitrate tnembrane 
(Sanders, 1998). The sample was obtained with a polyethylene bottle, which was ttiple­
rinsed with the fluid satnple and sealed (Sanders, 198). The 25 n1L of the fluid satnple 
was poured into a beaker triple-rinsed with satnple fluid and field-tested with the 
Chloride QuanTab® Test Strip. 30-600 tng/L (Hach, 2009). Once the tng/L range was 
determined, the sample was tested with a Chetnetrics field titrette sampler with the 
appropriate tneasuring range, according to the manufacturers instructions ( Chemetrics, 
2009). The Chetnetrics Kits infonnation included below: 

Kit 
Chloride K-2002 
Chloride K-2020 
Chloride K-2050 

Range 
2-20 n1g/L 

20-200 mg/L 
50-500 mg/L 

Lot Nutnber 
73 790/73 795/12 

72241/2 
71040/12 

Expiration Date 
Dec. 2011 
April2011 

2011 

The chloride concentrations in several satnples exceeded the range of the Chen1etrics kit. 
In these cases (LBEB08, LBP29, and LBEB02), the sample was diluted by ratio 1:1, 1:2 
and 1:4 using a triple-rinsed glass 250 tnL graduated cylinder and deionized water until 
the concentration was in a range tneasurable by the Chemetrics titrette. 

Table E.l Chlotide Field Concentrations Week 2 - 7/7-7/8/2009 

Well Sample Screen Depth Cl- strip 

(feet) (mg/L) 

Diluted Cl- titrets 

(mg/L) 

Diluted Filtered 

--------------------------------------------------------------------------------------------------------------------------------------------------

LBEB02-40F-1 40-41 580 y 

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

LBEB02-54F-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 

(feet) 

Cl~ strip 

(ppm) 

Average 
Diluation 

(ppm) 

Cl- titrets 

(ppm) 

xo 

Diluted Filtered 

------------------------------------------------------------... -----------------------------------------------------------.............................................................. -- ... ------ ... ---------

LBIW09-31-1 31-30 <31 6 n 

LBIW09-31-2 31-30 <31 6 n 

LB IW09-50-1 50-49 <31 6,2 n 

LBIW09-96F-1 96-95 193 175 

LB IW09-96 F-2 178 200 

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 

LBEB14-1 01 F-1 101-100 <490 <500 y 

LBEB14-1 01aFD1 :1-1 101-100 544 272 520 260 y 

LBEB14-1 01aFD1 :1-2 101-100 y 

LBEB14-1 01bFD1 :1~ 1 101-100 470 235 500 250 y 

LBEB14-1 01 bFD1 :1-2 101-100 564 282 600 300 y 

LBEB08-33F-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 

LBEB08-55F-1 55-52 <31 11 y 

LBEB08-55F-2 55-52 <31 10 y 

LBEB08-93F-1 93-92 >608 >500 y 

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 

LBP29-95FD 1 :3-A-1 95-94 1160 290 1200 300 y 

LBP29-95FD 1 :3-B-1 95-94 1128 282 1100 275 y 

LBP29-95FD 1 :3-B-2 95-94 1088 272 1120 280 y 

indicates calculated value determined from diluted solution by multiplying 
the dilution ppm by the magnitude of dilution, 

The suffixes on the san1ples include: F -filtered, 0-diluted, l :3 one part satnple to three 
patis dionized water, A,B,C,D -alpha notation that distinguishes different dilution 

solutions sampled. Italics indicate invalid sample due to improper technique. 
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APPENDIX F: SPECIFIC CONDUCTANCE FIELD MEASliREMENTS 

Table E.l detennines the speci-fic conductance of the samples obtained thnn all sampling 
depths. After the san1ple was filtered, approxitnately 50 n1l 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 titner indicated the testing was complete. If dilution was 
necessary, the satnple was diluted using a glass 250 tnL graduated cylinder and deionized 
water, and the sample was retested. Readings were given in tng/L and degrees 
centigrade. All containers were tripled rinsed with the fluid that was being tested. 

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

Well Sample Screen Depth 

(feet) 

Specific Conductance 

(mg/L) 

Filtered 

-------------------------------------------... -------------------------------------... -----·-------... ----------------... --------------------,..-------.. -------.................................. ... 

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 
LB IW09-31-2 31-30 166 n 
LBIW09-50-1 50-49 190 n 
LBIW09-96F-1 96-95 555 y 

LBIW09-96F-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 

LBEB14-1 01 F-1 101-100 1070 y 

LBEB14-101 aFD1 :1-1 101-100 1154 y 

LBEB14-1 01 aFD1 :1-2 101-100 y 

LBEB14-1 01 bFD1 :1-1 101-100 1188 y 

LBEB14-101 bFD1 :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 

LBEB08-55F-1 55-52 270 y 

LBEB08-55F-2 55-52 269 y 

LBEBOB-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. Italics- invalid data due to improper technique. 
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.. .\_PPENDIX G: SPECIFIC CONDUCTANCE LAB MEASUREMENTS 

Goal: To determine the specific conductance of samples obtained fr01n several locations 
\Vith a recalibrated field ED/TDS and Temperature tneter and determine the range of the 
EC!TDS Meter. This was done to validate the measurements obtained in the field. 

l\e1ethod: Approximately 50 ml of the sample was placed in a triple-rinsed polyethylene 
beaker and tested with a Hanna EC/TDS/and Temperature meter (Hl98311) (Ham1a, 
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 
\Vas 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 KCl 
(anhydrous KCI) mixed with 1000 ml diluted H20. Calibration was set at 1412 j.tS/cm at 
23.7 degrees centigrade. 

Table G .1 Specific Conductance Lab May 201 0 

Summer Diluted 
(2009) May 5/2010 May13/2010 

Well Sample (uS/em) (uS/em) (uS/em) 

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 

LBEB08-55 542 526 

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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A.PPE~DIX H: SAMPLES SENT TO OUTSIDE LAB 

Table H.l Samples Sent to Outside Lab 

Sample Date Bottle Sample Serv-Tech 
Name Collected Size Size Value 

{ml} MaiL 

LB!WOS-31-1 6/22/2009 500 ml 300 10 

LBIWOS-50-1 6/22/2009 500 ml 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 

l8EB14-101F-1 6/24/2009 250 490 

LBEB08-33F-1 6/24/2009 250 ml 240 190 

LBEB08-55F-1 6/24/2009 250 ml 200 16 

LBEB08-93F-1 6/24/2009 250 ml 150 420 

LBP29-35F-2 6/25/2009 250 ml 200 210 

LBP29-60F-2 6/25/2009 250 ml 200 200 

LBP29-95F-1 6/25/2009 250 ml 200 1000 

LBEB2-41 7/7/2009 520 

LBEB2-54 7/7/2009 970 

LBE82-83 7/8/2009 160 

Italics denote improper sampling technique 
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