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Final Report: Phase II Expedited Site  
Characterization at Agenda, Kansas 

 
1  Introduction 

 During the 1950s and 1960s, the Commodity Credit Corporation (CCC), a part of the 

U.S. Department of Agriculture (USDA), operated a grain storage facility in Agenda, Kansas 

(Figure 1.1). During this time, commercial grain fumigants containing carbon tetrachloride were 

commonly used by CCC/USDA and the private grain storage industry to preserve grain in their 

facilities. In 1987, during routine screening by the Kansas Department of Health and 

Environment (KDHE), carbon tetrachloride was detected in one of Agenda’s public water supply 

(PWS) wells at a concentration above the maximum contaminant level (MCL) of 5 micrograms 

per liter (g/L) promulgated by the U.S. Environmental Protection Agency (EPA) (KDHE 

1992). Subsequent investigations guided by the KDHE detected carbon tetrachloride in both of 

Agenda’s public water supply wells and in the groundwater at the site of the former CCC/USDA 

grain storage facility (PRC 1994a,b, 1995). Because this contamination might be linked to 

historical use of carbon tetrachloride-based grain fumigants at the former CCC/USDA facility, 

the CCC/USDA is conducting a remedial investigation (RI) to establish the source and extent of 

the carbon tetrachloride contamination at Agenda and to determine whether the contamination 

requires remedial action. 

 The RI is being performed by the Environmental Research Division of Argonne National 

Laboratory. Argonne is a nonprofit, multidisciplinary research center operated by the University 

of Chicago for the U.S. Department of Energy (DOE). The CCC/USDA entered into an 

interagency agreement with DOE, under which Argonne provides technical assistance to the 

CCC/USDA with environmental site characterization and remediation at its former grain storage 

sites. At these sites, Argonne is applying its Expedited Site Characterization (ESC) process to 

satisfy the requirements of an RI under the Comprehensive Environmental Response, 

Compensation, and Liability Act (CERCLA), as specified in Title 40 of the Code of Federal 

Regulations Part 300. 

 The ESC process was developed by Argonne to optimize preremedial site characteriza-

tion work at hazardous waste sites by obtaining, and then exploiting, a thorough understanding 

of a site’s geology, physical hydrogeology, and hydrogeochemistry. This approach is essential to 

successful site characterization, because the geology, hydrogeology, and hydrogeochemistry of a  
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site effectively govern the mobility and fate of the contaminants there. Throughout the ESC 

program, investigative work is guided by an integrated conceptual model of the geology, 

hydrogeology, and geochemistry of the site. The conceptual model is developed initially by 

critically reviewing existing data on the site and pertinent regional geologic, hydrogeologic, and 

geochemical data. This preliminary conceptual model is tested and revised by the first phase of 

the ESC investigation. The revised conceptual model is then used to guide the second phase of 

investigation, which focuses primarily on delineation of contamination at the site. 

 The initial phase of the ESC investigation (Phase I) at Agenda was conducted during 

April and May 1996. Detailed findings of Phase I and the objectives for Phase II of the 

investigation were presented in the Phase I Report (Argonne 1996b). Phase I of the investigation 

established the geology, physical hydrogeology, and hydrogeochemistry of the stratigraphic 

section in the vicinity of the former CCC/USDA site. Two aquifers were identified: an 

unconfined to semiconfined upper aquifer, hosted principally in an alluvial sand, and a confined 

deep aquifer, hosted by a bedrock sandstone. The two aquifers were found to be separated 

stratigraphically by approximately 30 ft of competent bedrock shale. Measured water levels in 

the upper-aquifer wells (Figure 1.2) indicate that groundwater in this aquifer flows generally 

southeast from the former CCC/USDA site. Water levels in the lower-aquifer wells indicate flow 

generally south-southwest. The water levels also indicate a hydraulic head difference 

(approximately 6 ft) between the upper and lower aquifers in the investigated area, so that water 

from the upper aquifer would flow downward into the lower aquifer if the two aquifers were 

connected hydraulically. Periodic drawdowns associated with pumping of Agenda’s public water 

supply wells were observed on the hydrographs of all four deep-aquifer monitoring wells, but no 

such drawdowns were present on the hydrographs of the corresponding shallow-aquifer 

monitoring wells. This observation implies that no effective natural hydraulic communication 

exists between the two aquifers. 

 This report describes the findings of the second phase of the ESC investigation at 

Agenda. The principal objectives of this phase were (1) to obtain additional data about the 

distribution of carbon tetrachloride in groundwater and (2) to refine the site’s conceptual 

geologic, hydrogeologic, and geochemical model as it relates to understanding and predicting the 

distribution of the carbon tetrachloride contamination. 

 Detailed findings of Phase II of the ESC investigation are described in Sections 2-5 of 

this report. Section 2 documents the investigative methods used during this phase of the 

investigation. Section 3 contains a synthesis of the geologic, geophysical, hydrogeologic, and geochemical 
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FIGURE 1.2  Map of Agenda, Kansas, Showing the Former CCC/USDA Site;  
the Locations of Wells PWS 1 and PWS 2, Domestic Wells, and KDHE Monitoring 
Wells; and the Locations of Phase I Temporary Well SB01  
and Piezometer SB02 
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data obtained during Phases I and II for the area of investigation, which together provide the 

framework for interpreting the data on the distribution of carbon tetrachloride in soils and 

groundwater presented in Section 4. A summary of findings and conclusions is presented in 

Section 5 in conjunction with recommendations for future work at the site. To streamline the 

reporting process, material from the Phase I Work Plan (Argonne 1996a) and the Phase I Report 

(Argonne 1996b) and relevant sections of the Master Work Plan (Argonne 1994) are not 

repeated in detail in this report. Consequently, these documents must also be consulted to obtain 

the complete details of the Phase II investigative program. 
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2  Investigative Methods 

 This section describes the field and laboratory methods used to investigate the geology 

and hydrogeology and the distribution of carbon tetrachloride and chloroform in groundwater in 

the study area during Phase II. Detailed descriptions of the field and laboratory procedures 

associated with these methods were presented in the Master Work Plan (Argonne 1994). 

 
2.1  Drilling Program 

 Three conventional boreholes, SB11, SB12, and SB13 (Figure 2.1), were drilled during 

Phase II to obtain additional lithologic and stratigraphic data and, where appropriate, to install 

temporary wells for groundwater sampling and water level monitoring. Drilling was performed 

by the Layne-Western Company of Wichita, Kansas. Borehole SB11, located approximately 

300 ft west-southwest of the KDHE monitoring wells MW 1S and MW 1D, was drilled to 133 ft 

BGL with a mud rotary drill. Boreholes SB12 and SB13 are adjacent to one another and are 

located approximately 300 ft west-southwest of the southwest corner of the former CCC/USDA 

site. Boring SB12 was drilled to 44 ft below ground level (BGL) with a hollow-stem auger drill; 

SB13 was drilled initially to 49 ft BGL with the hollow-stem auger, then extended to 150 ft BGL 

with the mud rotary drill. Lithologic logs were prepared for each borehole during drilling by 

examining drill cuttings and, in SB11, cores over selected intervals. Copies of these lithologic 

logs are in Appendix A. 

 
2.2  Electronic Cone Penetrometer Program 

 Three locations (SB14-SB16, Figure 2.1) were investigated by using a truck-mounted 

electronic cone penetrometer (ECPT). The ECPT operations were conducted by Applied 

Research Associates, Inc., with Argonne’s 40-ton ECPT. Resistivity, tip stress, sleeve stress, and 

instantaneous pore pressure logs were recorded at two locations (SB14 and SB15). Copies of the 

ECPT logs are in Appendix A. On these logs, resistivity was converted to conductivity for 

consistency with the data obtained by the wireline induction logging performed during Phase I 

(Argonne 1996b). The ECPT logs were used to supplement existing stratigraphic information 

and to guide selection of groundwater sampling intervals. Groundwater samples were collected 

at all three ECPT locations to obtain information on groundwater geochemistry and contaminant 

distribution. Details of the ECPT groundwater sampling program are discussed in Section 2.6. 
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FIGURE 2.1  Map of Agenda, Kansas, Showing the Former CCC/USDA Site; the 
Locations of Domestic, Public Water Supply, and KDHE Monitoring Wells; and the 
Locations of Phase I and Phase II Boreholes, Cone Penetrometer Test Holes, 
Piezometer SB02, and Temporary Wells SB01, SB11, and SB12 
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2.3  Water Level Monitoring Program 

 
2.3.1  Installation of Temporary Wells 

 Temporary wells were installed in boreholes SB11 and SB12 to collect groundwater 

samples and to monitor groundwater levels. Well SB12 was completed in the shallow aquifer by 

using 4-in.-ID flush-joint, Schedule 40 polyvinyl chloride (PVC) casing with a 0.010-in. slotted 

screen set from 31.5 to 41.5 ft BGL (1,364.4 to 1,354.4 ft above mean sea level [AMSL]). 

Well SB11 was completed in the deep aquifer by using 4-in.-ID flush-joint, Schedule 40 PVC 

casing with a 0.010-in. slotted screen set from 107 to 127 ft BGL (1,290.8 to 1,270.8 ft AMSL). 

A second deep-aquifer well, originally planned for SB13, was not installed, because the deep-

aquifer sandstone was not encountered. In both deep-aquifer boreholes (SB11 and SB13), 

8-in.-ID flush-joint, Schedule 40 PVC casing was installed to a depth below the base of the 

shallow aquifer to protect the deep aquifer from potential contamination in the shallow aquifer. 

After waiting a period of at least 24 hours to allow the grout to set, a 7.25-in.-diameter borehole 

was drilled through the 8-in. casing to the final depth. Construction diagrams for wells SB11 and 

SB13 are presented in Appendix B. After completion, the wells were developed initially by 

surging and bailing. Continuous cycles of surging and bailing were performed until the bailing 

water lacked fines. The wells were then purged with a submersible pump until the pH and 

conductivity of the water stabilized. 

 
2.3.2  Water Level Measurements 

 Water levels in the network of monitoring wells and piezometers were measured to 

determine potential gradients and directions of groundwater flow in the aquifers. Pressure 

transducers and Well Sentinels™ were installed in SB11 and SB13 after the wells were 

developed to obtain a detailed record of water level fluctuations in these wells. The Well 

Sentinels were configured to record water levels hourly to correspond with the units installed 

previously in the KDHE monitoring wells and in SB01 and SB02 during Phase I (Argonne 

1996b). The water level data recorded for the complete network of monitoring wells are 

tabulated in Appendix C. Findings from the water level monitoring program are discussed in 

Section 3.2.2. 
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2.4  Aquifer Test Program 

 Well response or “slug” tests, performed by causing a rapid change in water level within 

the well casing and then recording the subsequent recovery of the water column to its 

predisturbance level, were conducted on wells MW 1D, MW 1S, MW 3D, MW 3S, SB01, SB11, 

and SB12 to estimate the hydraulic conductivity of the shallow and deep aquifers. The tests were 

performed with a modification of the methods described by Prosser (1981) and Kelly (1991), in 

which air pressure, supplied from a storage tank via a suitable wellhead manifold, was used to 

depress and stabilize the water level within the well casing. To initiate the test, the pressure was 

released, creating a condition equivalent to an instantaneous drop in head. Water level recovery 

was monitored by using a pressure transducer and an automatic logger (Hermit 1000C) capable 

of data acquisition at a high rate. The slug test procedure was repeated three times for each well 

tested. 

 The slug test data were analyzed by using the method of Bouwer and Rice (1976) and 

Bouwer (1989), as implemented in the computer code BRISTA (Smith 1991). Time-versus-

residual drawdown data for the tests, analysis parameters, and representative curve fits for each 

of the test data sets are presented in Appendix D. Test results are discussed in Section 3.2.3. 

 
2.5  Surveying 

 At the conclusion of the field program, the locations and elevations of temporary 

monitoring wells SB11 and SB12, borehole SB13, and ECPT test holes SB14-SB16 were 

surveyed to provide horizontal and vertical control for stratigraphic correlation, water level 

monitoring, and geologic and hydrogeologic mapping. Surveying services were provided by 

Schwab-Eaton, Inc., of Manhattan, Kansas. Survey data are in Appendix E. 

 
2.6  Collection and Analysis of Groundwater Samples 

 Additional groundwater sampling was performed during the Phase II field program to 

gather more information on aquifer geochemistry and contamination. Sample collection and 

analysis procedures were described in the Master Work Plan (Argonne 1994). A total of five 

groundwater samples were collected from five locations (SB11, SB12, and SB14-SB16; 
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Figure 2.1). A complete list of all groundwater samples, including locations, depths, and 

sampling dates, is given in Appendix F, Table F.1. 

 Groundwater samples collected for organic and inorganic analyses were shipped to the 

contract laboratory, Inchcape Testing Services Inc., Colchester, Vermont, for preservation and 

analysis. All samples were analyzed for carbon tetrachloride and chloroform according to 

Contract Laboratory Program (CLP) methods as described in the Master Work Plan (Argonne 

1994). The results of these analyses are presented in Appendix F, Table F.2. Inorganic analyses 

were performed on Phase II groundwater samples to characterize groundwater geochemistry and 

to aid in determining whether the two aquifers at Agenda are distinct chemically. The analyses 

included dissolved anion concentrations (chloride, sulfate, nitrate, and phosphate) and metals 

(calcium, magnesium, sodium, potassium, aluminum, iron, manganese, phosphorus, zinc, and 

silicon). All samples were analyzed according to methods described in the Master Work Plan 

(Argonne 1994). The results of these analyses are given in Table F.3 of Appendix F. 

 Groundwater samples were also analyzed for tritium (3H) and stable isotope ratios of 

hydrogen (D/H) and oxygen (18O/16O) by the procedures described in the Master Work Plan 

(Argonne 1994). The hydrogen (D/H) and oxygen (18O/16O) isotope ratio analyses were 

performed by Krueger Enterprises, Inc., Cambridge, Massachusetts. Tritium (3H) analyses were 

performed at the University of Miami Tritium Laboratory, Miami, Florida. Results of the isotope 

analyses are in Appendix F, Table F.4. 

 Field parameters (temperature, pH, and conductivity) were measured by using a 

Checkmate Field Meter system after calibration with the appropriate standard solutions. 

Titrimetric techniques using commercial kits manufactured by CHEMetric, Inc., were used to 

determine the alkalinity, dissolved oxygen, and nitrate concentrations. The results of these 

measurements are given Appendix F, Table F.5. 

 
2.6.1  Samples from Temporary Wells SB11 and SB12 

 Groundwater samples were collected from the two new temporary monitoring wells 

(SB11 and SB12; Figure 2.1). Both samples were analyzed for carbon tetrachloride, chloroform, 

anions, metals, tritium, and stable isotope ratios of hydrogen and oxygen. Analytical results are 

in Appendix F (Tables F.2-F.4). 
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2.6.2  Samples Collected with the Electronic Cone Penetrometer 

 The ECPT was used to collect three groundwater samples from the shallow aquifer at 

three locations (SB14-SB16; Figure 2.1). These samples were analyzed for carbon tetrachloride, 

chloroform, anions, metals, tritium, and stable isotope ratios of hydrogen and oxygen. Analytical 

results for these samples are in Tables F.2-F.4 of Appendix F. 

 
2.7  Quality Control for Sample Collection, Handling, and Analysis 

 
2.7.1  Quality Control for Sample Collection and Handling  

 Quality assurance/quality control (QA/QC) for sample collection and handling activities 

was monitored by collecting an equipment rinsate, trip blanks, and a field replicate (split) 

sample. These QA/QC samples are listed in Appendix G, Table G.1. Analytical results for the 

QA/QC samples are in Appendix G, Table G.2. 

 Water used for equipment decontamination and drilling was also sampled to verify that 

carbon tetrachloride and chloroform contamination detected in environmental samples did not 

derive from this source. 

 One equipment rinsate was collected and analyzed for carbon tetrachloride and 

chloroform in conjunction with the ECPT groundwater sampling effort (Appendix G, Table G.1). 

The rinsate did not contain quantifiable concentrations of these contaminants of concern 

(Appendix G, Table G.2), indicating that proper decontamination procedures were followed for 

the reusable sampling equipment during ECPT groundwater sampling activities. Disposable 

equipment was used during the sampling of temporary wells. 

 As an indicator of possible cross-contamination of samples during shipment, a trip blank 

was prepared and included in each of the shipments to the contract laboratory containing 

groundwater samples for carbon tetrachloride and chloroform analyses (Appendix G, Table G.1). 

Neither contaminant was detected in the trip blanks (Appendix G, Table G.2). 

 A field replicate (split) sample was also collected (Appendix G, Table G.1) at ECPT 

location SB15 as an indication of consistent sampling methodology as defined by the sampling 
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protocols in the Master Work Plan (Argonne 1994). This sample also provided a measure of the 

precision of the analytical process. Contaminants were not detected in either the sample or its 

replicate. Quality control for the organic and inorganic analyses is discussed in the following 

sections. 

 
2.7.2  Quality Control for Organic Analyses  

 Samples submitted to the contract laboratory for organic analyses were analyzed in two 

sample delivery groups (SDGs). Complete CLP data packages were provided by the contract 

laboratory. The QA/QC procedures followed included initial and continuing calibration of 

instruments, analysis of laboratory blanks, monitoring of surrogate spike recovery, and matrix 

spike/matrix spike duplicate (MS/MSD) analyses. The QA/QC results were as follows: 

• Analytical instruments were shown to be properly tuned; initial and 

continuing calibration checks remained within the 25% allowable limit. 

• Contaminants of concern were not detected in laboratory method blanks. 

• Surrogate standard determinations were performed on samples and blanks by 
using surrogate spike compounds toluene-d8, 4-bromofluorobenzene, and 

1,2-dichloroethane-d4 to monitor sample preparation and analysis. Recoveries 

of the three system-monitoring compounds achieved during organic analysis 

are given in Appendix G, Table G.3. Recovery of the surrogate compounds 

was within the specified QC range for each compound.  

• The MS/MSD analyses were performed in accordance with CLP protocols for 

organic analyses by using the matrix spike compounds 1,1-dichloroethene, 

trichloroethene, chlorobenzene, toluene, and benzene to evaluate the matrix 

effects of samples on the analytical method. Table G.4 (Appendix G) shows 

the percent recovery of the spike compounds for the two MS/MSD analyses 

performed, as well as the calculated relative percent difference (RPD) 

between the MS/MSD analyses. 

 In both of the MS/MSD analyses, recovery of one of the spike compounds 

was outside the specified QC range. These deviations from CLP protocol 
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appear to be matrix related. Carbon tetrachloride and chloroform, the 

contaminants of concern, were included as constituents in the formulation 

used in performing the MS/MSD analyses. Recoveries of these compounds 

were acceptable in both MS/MSD analyses performed (Table G.4).  

 The calculated RPD for MS/MSD analyses met the QC target for all spike 

compounds in the two MS/MSD analyses (Table G.4).  

 
2.7.3  Quality Control for Inorganic Analyses  

 Inorganic analyses were performed on groundwater samples to aid in characterizing the 

geochemistry of the aquifers. All samples were analyzed for dissolved concentration of metals 

(aluminum, calcium, iron, magnesium, manganese, phosphorus, potassium, silicon, sodium, and 

zinc) and anions (chloride, sulfate, nitrate, and phosphate). Upon arrival at the laboratory, 

groundwater samples for inorganic analyses were filtered and preserved by adjusting their pH to 

< 2. 

 Samples submitted for inorganic analyses were analyzed in two SDGs. The QA/QC 

procedures followed included initial and continuing calibration of instruments, analysis of 

laboratory control samples, and analysis of laboratory blanks. The QA/QC results were as 

follows: 

• Initial and continuing calibration of analytical equipment was performed 

according to method protocol, with calibration of instruments verified 

throughout the analytical run by analyzing instrument check standards to 

determine instrument drift. Laboratory accuracy was evaluated by measuring 

the percent recovery of known concentrations of the metals and anions of 

concern added to laboratory control samples. The percent recovery of the 

spiked analytes of concern was within the acceptable range of 80-120%. 

Table G.5 (Appendix G) summarizes the recoveries achieved in laboratory 

control samples during the inorganic analyses. 

• Laboratory preparation blanks did not contain the inorganic constituents of 

interest. 
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2.7.4  Quality Control for Isotope Analyses  

 Duplicate analyses were performed by the analytical laboratory on selected groundwater 

samples collected for isotope analyses, as shown in Appendix G, Table G.1. The results 

compared favorably, with the relative percent differences between the sample and duplicate 

results, shown in Table G.6 (Appendix G), ranging from 1.8 to 2.6. 

 
2.8  Waste Characterization, Handling, and Disposal 

 Potentially contaminated waste soil from the drilling of boreholes SB11-SB12, as well as 

water purged during the development of wells SB11 and SB12, was accumulated in roll-off 

containers at each drill site. The wastes were sampled prior to disposal (Appendix G, Table G.1). 

The roll-off containers were rented from Waste Management, Inc., a licensed hazardous waste 

hauler. Neither carbon tetrachloride nor chloroform was detected in the composite soil samples 

from the two roll-off containers or in samples of the purge water (Appendix G, Table G.2). 

 Because nitrate contamination is present throughout the study area, the purge water from 

the temporary wells was analyzed for this contaminant to determine whether disposal as a special 

waste (with nitrate at ≥ 10 ppm [parts per million]) would be required. Nitrates were detected at 

a concentration of 1.6 mg/L (ppm) in the purge water from SB11 and at 5.4 mg/L (ppm) in the 

purge water from SB12. 

 The waste soil and water did not require disposal at a restricted landfill and were placed 

in a local fill area. 
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3  Geology and Hydrogeology 

 Phase I of this investigation established the geologic and hydrogeologic characteristics of 

the stratigraphic section penetrated by Agenda’s public water supply wells. Two aquifers were 

identified: an unconfined to semiconfined upper aquifer, hosted principally in an alluvial sand, 

and a confined deep aquifer, hosted by a bedrock sandstone. The two aquifers are separated 

stratigraphically by approximately 30-35 ft of competent bedrock shale. 

 During Phase II, this conceptual understanding of the subsurface was refined by 

obtaining additional information on (1) the lithologies and distribution of the stratigraphic units 

that host the shallow and deep aquifers, (2) gradients and directions of groundwater flow in the 

two aquifers, (3) the hydraulic characteristics of the aquifers, and (4) the geochemical 

characteristics of the groundwater. Such a detailed understanding supplies the framework 

necessary to define and predict the distribution and migration of contaminants in the subsurface. 

 
3.1  Geology 

 The geologic interpretation presented in the Phase I Report (Argonne 1996b) was based 

on regional stratigraphic data compiled by the Kansas Geological Survey (Wade 1992; 

Macfarlane et al. 1991); lithologic data from the logs of the boreholes drilled during the 

comprehensive investigation of the site (PRC 1994b); and the drillers’ logs of Agenda’s well 

PWS 2 (KDHE 1983), borehole SB01, and the ten ECPT test holes drilled in Phase I (Argonne 

1996b). During Phase II, additional geologic information was obtained by drilling three 

boreholes (SB11-SB13; Figure 3.1) and acquiring ECPT resistivity and mechanical logs at two 

locations (SB14-SB15). This section describes the findings of and the conclusions drawn from 

the complete suite of geologic information. 

 
3.1.1  Stratigraphy 

 Stratigraphic relationships within the geologic section penetrated by Agenda’s public 

water supply wells are illustrated in three geologic cross sections (Figure 3.1). Section A-A´ is 

oriented west to east (Figure 3.2), section B-B´ north to south (Figure 3.3), and section C-C´ 

west to east (Figure 3.4). These cross sections and two isopach maps (Figures 3.5 and 3.6) were  
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FIGURE 3.1  Map of Agenda, Kansas, Showing the Former CCC/USDA Site; the 
Locations of Domestic, Public Water Supply, and KDHE Monitoring Wells; the 
Locations of Phase I and Phase II Boreholes, Cone Penetrometer Test Holes, 
Piezometer SB02, and Temporary Wells SB01, SB11, and SB12; and the Locations of 
Geologic Cross Sections A-A´, B-B´, and C-C´ 
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FIGURE 3.5  Map of Agenda, Kansas, Showing the Former CCC/USDA Site; the 
Locations of Public Water Supply and KDHE Monitoring Wells; the Locations of Phase I 
and Phase II Boreholes, Piezometer SB02, and Temporary Wells SB01, SB11, and 
SB12; and the Thickness of the Alluvial Sand 
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FIGURE 3.6  Map of Agenda, Kansas, Showing the Former CCC/USDA Site; the 
Locations of Public Water Supply and KDHE Monitoring Wells; the Locations of Phase I 
and Phase II Boreholes, Piezometer SB02, and Temporary Wells SB01, SB11, and 
SB12; and the Thickness of the Bedrock Sandstone  
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constructed by correlating the lithologic and geophysical data from SB01, SB11-SB13, the three 

deep KDHE boreholes (MW 1D, MW 2D, and MW 3D), the ECPT resistivity and mechanical 

property logs, and the driller’s log from well PWS 2. Copies of the logs from Phase II are in 

Appendix A. Logs from Phase I and the prior investigations are in Appendix A of the Phase I 

Report (Argonne 1996b). 

 The uppermost stratigraphic unit consists of brown to red-brown unconsolidated silts and 

silty clays. This unit extends to approximately 55 ft BGL (1,342 ft AMSL) at the northern end of 

the study area (at MW 3D [section B-B´]), but only to approximately 20 ft BGL (1,391 ft 

AMSL) at the southern end of the area (at MW 1D [section B-B´] and SB11 [section C-C´]). At 

SB01 (eastern end of section A-A´), the unit contains a 2-ft-thick bed of light gray, silty sand at 

approximately 18 ft BGL (1,394 ft AMSL); at SB06 the unit contains a thin (< 0.1 ft) horizon of 

limestone gravel pebbles at approximately 50 ft BGL (1,363 ft AMSL). 

 Throughout the study area, the uppermost silt and silty clay unit is underlain by a quartz 

sand that is tan to orange-brown, very fine to medium grained, and slightly silty to silty. Along 

the line of section A-A´ and northward, this sand ranges from 2.5 to 5 ft thick (Figure 3.5), and at 

SB01 and MW 2D it is interbedded with a series of red-brown sandy silts. To the south along 

section C-C´, this sand thickens gradually to 33-36 ft. At SB11 (the western end of 

section C-C´), the sand contains several iron oxide-stained horizons, as well as possible clasts of 

sandstone. Sandstone clasts were also reported on the lithologic log of MW 1D (PRC 1994b). 

 Over most of the study area, this alluvial sand unit is underlain by a finely laminated gray 

shale (approximately 10 ft thick at SB01 [section A-A´]) that contains disseminated flakes and, 

at two locations (SB01 and MW 1D), thin seams of coal. At SB01, the upper 7 ft of this shale is 

mottled light and dark gray; the shale contains abundant vertical fractures stained by iron oxide, 

both characteristics of a weathered zone. This shale grades downward initially into a varicolored 

gray and red siltstone and shale and finally to a dark red siltstone. At SB13 (western end of 

section A-A´), the gray shale is absent, with the sand overlying a mottled red and gray shale. 

 At SB01 and SB11 and in the three KDHE boreholes (MW 1D-MW 3D), the shale- 

siltstone horizon is underlain by a tan, fine to medium grained, well-sorted, subrounded clear 

quartz sandstone. Where it is present, this sandstone ranges from approximately 41 ft thick at 

SB01 (Figure 3.6) to about 60 ft thick at MW 1D. At SB01, SB11, MW 2D, and MW 3D, this 

sandstone is underlain by a gray shale, which at SB01 exhibits some red mottling. The base of 

the sandstone was not encountered in MW 1D or PWS 2. At SB13 (the western end of 
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section A-A´), where this sandstone is not present, the equivalent stratigraphic section consists of 

a red-gray mottled shale to the depth of the borehole (150 ft BGL; 1,246 ft AMSL). 

 
3.1.2  Depositional Environments 

 The unconsolidated silt and silty clay unit and the silty sand unit that overlie the bedrock 

shale together compose a Pleistocene age terrace. Regional mapping of Republic County and the 

adjacent counties by the Kansas Geological Survey (Bayne and Walters 1959; Walters and 

Bayne 1959; Fishel and Leonard 1955; Fishel 1948; Wing 1930), and the U.S. Geological 

Survey (Byrne et al. 1950) indicated that many alluvial terraces were formed in the valleys 

across northeastern Kansas during the repeated cycles of Pleistocene glaciation. The materials in 

these terraces were derived principally by erosion of nearby bedrock outcrops (Byrne et al. 

1950). In some cases, alluvial materials are mantled by or interbedded with loess. At Agenda, the 

fine clayey silt that composes the uppermost portion of the unconsolidated section might be 

partly loess, while the limestone gravel encountered at SB06, the sand containing clasts of 

sandstone, and the interbedded silts and sands at the base of the sequence probably represent 

fluvial deposits. The weathered zone at the top of the shale at SB01 is likely to represent an 

erosional surface developed before the alluvial terrace was deposited. 

 Stratigraphic studies indicate that the bedrock at Agenda is the Cretaceous age Dakota 

formation (Wade 1992). This formation contains two distinct facies assemblages: a deltaic 

assemblage and a fluvial assemblage (Wade 1992; Macfarlane et al. 1991). These assemblages 

are separated by a flooding surface, above which sediments were deposited in the subaqueous 

portion of a river-dominated delta system and below which sediments were deposited by rivers 

in a coastal plain setting (Macfarlane et al. 1991). 

 Regionally, the deltaic facies assemblage consists of approximately 50% interlaminated 

shales, mudstones, and very fine to fine grained quartz sandstones, which have a high organic 

content (Wade 1992). The remainder is composed of relatively clean, fine grained quartz 

sandstones. Wade (1992) interpreted the interlaminated sequence as abandoned distributary 

channel and delta-front deposits, with the clean sandstones representing active distributary 

channels and distributary mouth bars. The characteristics of the shales immediately below the 

bedrock surface at Agenda (finely laminated with abundant disseminated flakes and occasional 

thin seams of coal) imply that these shales were deposited in the deltaic facies of the Dakota. 
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 The underlying fluvial facies assemblage of the Dakota formation consists of 

approximately 60% varicolored mudstones, with some thin, very fine grained levee and crevasse 

splay sandstones that were deposited on coastal floodplains (Wade 1992). The remaining 40% of 

the formation is composed of fine to medium grained sandstones that commonly fine upward and 

contain large-scale cross beds, characteristics indicating that they were deposited as point bars in 

river channels (Wade 1992). The varicolored siltstones that underlie the organic-rich shales in 

SB01 (section A-A´) document the transition to the alluvial facies of the Dakota, representing 

sediments deposited on a floodplain, with the underlying sandstone having accumulated in a 

river channel as a series of point bars. The absence of sandstone at SB13 indicates that the 

western margin of this channel lies between SB13 to the west and SB11, MW 2D, and MW 3D 

to the east (Figure 3.6). 

 Regional studies indicate that the channel sandstone sequences in the Dakota formation’s 

alluvial facies are discontinuous and ribbon-like (Macfarlane et al. 1991). Measured dips on the 

cross beds in the channel sandstones indicate that the rivers depositing these sandstones flowed 

west-southwesterly (Wade 1992; Karl 1976). Thus, both the observed western margin 

(Figure 3.6) and the eastern margin of the sandstone unit are expected to trend generally west-

southwest. 

 Drillers’ logs of nearby irrigation wells (see Appendix A in Argonne 1996a) show one to 

five sandstones interbedded with “red clay” and “blue clay” within the stratigraphic interval of 

the Dakota formation equivalent to the investigated section at Agenda. Red coloration (i.e., “red 

clay”) is characteristic of the fluvial assemblage of the Dakota (Wade 1992), while “blue clay” 

probably indicates deltaic facies deposits. However, the sinuous, discontinuous distribution of 

sandstones deposited in these environments precludes reliable correlation over all but very short 

distances. Nevertheless, their frequency of occurrence suggests a significant potential for cross-

cutting between the individual sandstones in the immediate area. 

 
3.2  Hydrogeology 

 This section describes the findings of and conclusions drawn from the hydrogeologic 

portion of the ESC investigation. The hydrogeologic interpretation presented in the Phase I 

Report (Argonne 1996b) was based on the observed stratigraphic sequence and the water level 

measurements made during Phase I (Argonne 1996b). The objectives of the second phase of the 

hydrogeologic investigation were to confirm the hydrostratigraphy and to gather additional 
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information on the directions of groundwater flow, potential gradients, and the 

hydrogeochemistry of the aquifers. The locations where hydrogeologic data were obtained 

during Phases I and II are illustrated in Figure 3.1. 

 
3.2.1  Hydrostratigraphy 

 Previous studies identified two aquifers, termed shallow and deep (PRC 1994b), within 

the stratigraphic sequence described in Section 3.1. Relationships between these aquifers and the 

stratigraphic units in this sequence are illustrated in Figures 3.7-3.9, where well construction 

data and water levels measured on February 6, 1997, are superimposing on geologic cross 

sections A-A´, B-B´, and C-C´. 

 Combined with the stratigraphic information, the water levels indicate that the shallow 

aquifer is hosted by the sand at the base of the Pleistocene alluvial terrace sequence. Water levels 

in wells MW 1S and SB11 (section C-C´; Figure 3.9) lie below the top of the sand, indicating 

that the aquifer is unconfined in this area. In contrast, water levels in wells SB01, SB12, MW 2S, 

and MW 3S (sections A-A´ and B-B´; Figures 3.7 and 3.8) occur above the top of the sand. 

During drilling of SB01 and SB12, the silt and clay samples collected above the basal 

interbedded silty sands were damp to moist; only the sands appeared to be water saturated (see 

logs in Appendix A and the Phase I Report [Argonne 1996b]). This observation is consistent 

with reports on the lithologic log for MW 3S (PRC 1994b) of a “moist-wet” soil at 44 ft BGL 

(approximately 1,353 ft AMSL), a depth that corresponds to the top of the basal sand at this 

location. These observations imply that the shallow aquifer is at least semiconfined at these 

locations. 

 The deep aquifer is hosted by the sandstone unit in the Dakota formation bedrock. The 

two aquifers are separated by approximately 30-35 ft of Dakota formation shales and siltstones. 

However, the water levels in the deep aquifer are lower by only approximately 5-8 ft than the 

corresponding shallow water levels, suggesting that the intervening shales and siltstones function 

as a confining horizon and that the two aquifers not interconnected hydraulically. 

 The data are insufficient to determine whether the intervening shales and siltstones are 

water saturated. In cores collected at SB01 and SB11, the shales and siltstones were damp, but 

because the core samples were obtained by the mud rotary method, visual observations of 

moisture might be misleading. At SB01, the shales immediately below the alluvial sand are vertically  
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fractured and exhibit iron oxide staining, both of which could indicate water-saturated conditions 

within this zone. Alternatively, the iron oxide staining might have developed while the shale was 

exposed before the Pleistocene terrace was deposited. Below the fractured zone, the siltstones 

and shales are fresh, implying that they have not been exposed to oxygenated groundwater. 

Regionally, the Dakota aquifer is saturated throughout, with the lower-hydraulic-conductivity 

siltstones and shales contributing significantly to water storage in the aquifer but not to 

groundwater movement (Wade 1992). Thus, the shale-siltstone unit that separates the shallow 

and deep aquifers is probably water saturated. 

 The hydraulic heads in the shallow aquifer are typically about 5 ft higher than the heads 

in the deep aquifer at corresponding locations across the study area. This difference indicates 

that groundwater tends to flow downward from the shallow aquifer to the deep aquifer, although 
the magnitude of the downward flux through the intervening low-hydraulic-conductivity (Kh) 

silts and shales (typically with Kh values of 10-1 to 10-5 ft3/ft2 per year; Freeze and Cherry 1979) 

probably is not volumetrically significant locally (< 0.15 gal/yr·ft2). However, an artificial 

conduit with higher conductivity, such as a well screened in both aquifers or a well that is gravel 

packed along its complete length, could produce a locally greater downward flux of shallow-

aquifer water into the deep aquifer. 

 
3.2.2  Water Levels 

 Figures 3.10 and 3.11 illustrate water levels recorded hourly by the Well Sentinel™ units 

for the period November 10 through December 10, 1996. The corresponding data are in 

Appendix C, Table C.1. No hourly data are available for SB02 because of an earlier malfunction 

of the transducer-Well Sentinel couple in this piezometer. A similar malfunction occurred in the 

monitoring equipment installed in SB11 on December 8, 1996 (Table C.1). Replacement 

transducers and Well Sentinel units have been ordered for these locations. 

 During the illustrated period, water levels in the shallow aquifer (Figure 3.10) 

experienced mostly small (0.1-0.4 ft) fluctuations of magnitude and duration consistent with 

variations in atmospheric pressure. On November 16, the water levels in MW 2S and MW 3S 

increased abruptly (by 1.6 and 0.6 ft, respectively). Rainfall records from Concordia, Kansas, 

indicate that this increase corresponded with a rainfall event of approximately 2 in. (NOAA 

1996). This event is not reflected on the hydrograph for MW 1S. This observation is consistent with the inferred  
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FIGURE 3.10  Variations in Groundwater Levels of the Shallow Aquifer from November 10 to 
December 10, 1996                  

 



Agenda ESC Phase II Report 
Version 00, 03/07/97 3-17 

 November 10 to December 10, 1996

1362

1363

1364

1365

1366

1367

1368

11-10 11-13 11-16 11-19 11-22 11-25 11-28 12-1 12-4 12-7 12-10

Date

E
le

va
tio

n 
(f

t A
M

S
L)

SB01 SB11 MW1D MW2D MW3D  
 

FIGURE 3.11  Variations in Groundwater Levels of the Deep Aquifer from November 10 to 
December 10, 1996               
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change in confining conditions of the shallow aquifer across the study area. At MW 2S and 

MW 3S, the aquifer exhibits confined or semiconfined behavior, while at MW 1S, the aquifer is 

unconfined. In a confined aquifer, water level changes are produced by pressure changes in the 

aquifer. Consequently, a change in head (i.e., pressure) in the recharge area of a confined aquifer 

can be transmitted rapidly through the aquifer. A similar response in an unconfined aquifer 

indicates a change in the volume of water stored in the aquifer, which requires the physical 

movement of water into the aquifer. Thus, the rapid response observed in MW 2S and MW 3S to 

the rainfall event effectively confirms the semiconfined character of the shallow aquifer at these 

locations. 

 Agenda’s public water supply wells were removed from regular service when the city’s 

water supply system was connected to a rural water supply line on October 25, 1996. 

Consequently, the hydrographs for the deep-aquifer wells (Figure 3.11) no longer exhibit the 

frequent (three to five cycles per day) drawdowns observed in May in conjunction with operation 

of these wells (Figure 4.5 in the Phase I Report [Argonne 1996b]). However, one of the public 

water supply wells apparently was in service temporarily from November 12 to 14, 1996 

(Figure 3.11). During this time interval, the hydrographs exhibit drawdowns comparable to those 

observed before October 25, 1996 (Argonne 1996b); the largest drawdowns occurred at MW 1D 

(the monitoring well closest to the public water supply wells), and the magnitude of the 

drawdowns decreased with distance from the public water supply wells. 

 The coincident drawdowns in the deep-aquifer wells across the site during pumping of 

the public water supply wells (Figure 3.11) indicate that these locations are hydraulically 

interconnected and that the radius of influence of the public water supply wells extends at least 

to MW 3D and SB01. In contrast, no coincident drawdowns are present on the hydrographs of 

the shallow-aquifer wells (Figure 3.10), indicating that the deep aquifer is effectively separated 

hydraulically from the shallow aquifer over the area covered by the water level monitoring 

network. However, when they are not modified by pumping, the water levels in the deep aquifer 

do exhibit fluctuations parallel to those in the shallow aquifer, a behavior consistent with a 

barometric origin for the fluctuations. 

 The hydrographs for the deep-aquifer wells (Figure 3.11) also exhibit drawdowns 

associated with the development of well SB11 on November 25, 1996. In addition, the recovery 

of the deep aquifer from the developmental overpumping of SB11 is reflected on the hydrograph 

for SB11, with the water levels taking approximately two days to recover fully. After recovery, 

the water level in SB11 closely paralleled the water levels in the other four deep-aquifer wells. 
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3.2.3  Hydraulic Conductivities 

 Well response (i.e., slug) tests were performed on four wells (MW 1D, MW 3D, SB01, 

and SB11) in the deep aquifer and three wells (MW 1S, MW 3S, and SB12) in the shallow 
aquifer to obtain estimates of the horizontal hydraulic conductivity (Kh) of the aquifer materials 

in the vicinity of these wells. Each well was tested three times, except for well MW 1D, to 

evaluate the reproducibility of the casing pressurization slug test procedures. Only two tests were 

performed on well MW 1D. Measurements of time versus residual drawdown recorded for each 

of the slug tests are presented in Appendix D. Key well construction and analysis parameters 

used in interpreting the slug tests are summarized in Table 3.1. 

 The test data for well MW 1S revealed an irregular pattern of water level recovery. Water 

levels measured in the shallow aquifer prior to testing indicated that the static water level at 

MW 1S was below the top of the annular sand pack surrounding the well casing (but above the 

top of the well screen), allowing rapid drainage of water from the sand pack into the well screen 

during the tests. These conditions precluded use of the MW 1S test data for the reliable 
estimation of Kh, and no further analyses of the MW 1S results were carried out. Slug test data 

for the remaining six wells were analyzed by using the interpretive procedures developed by 

Bouwer and Rice (1976), Bouwer (1989), and Hvorslev (1951), which are based on the fitting of 

theoretical linear-response trends to the measured data sets. Results of the analyses are 

summarized in Table 3.2. The measured water level response curves for the three tests performed 

in each well were very similar; diagrams showing representative curve fits for each of the slug 

test data sets are included in Appendix D, Figures D.1-D.12. 

 The hydraulic conductivities determined for each of the deep-aquifer wells from the 

Hvorslev (basic time lag and variable-head methods) and Bouwer and Rice analyses are in close 
agreement, generally within 20%. Estimated Kh values for the deeper aquifer range from 6.5 to 

8.9 feet per day (ft/d) at wells SB01 and MW 1D, 11.6 to 14.0 ft/d at SB11, and 16.7 to 20.3 ft/d 

at MW 3D. The hydraulic conductivity estimated for the shallow aquifer at well MW 3S 

(4.9-9.1 ft/d) is similar to values obtained for the deeper aquifer at wells SB01 and MW 1D. The 
Kh values estimated for SB12 by using the Hvorslev basic time lag method (4.1-5.7 ft/d) are two 

to four times higher than those determined by using either the Hvorslev variable-head method or 

the Bouwer and Rice analysis (2.1-2.3 ft/d and 1.5-1.6 ft/d, respectively). The basic time lag 

analysis is very sensitive to changes in water level occurring during the first few moments of the 
slug test. The higher Kh values calculated for the SB12 tests with this method reflect the influence  
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of initial oscillations in water level in this well (possibly related to the construction of the well), 
which were damped out within the first 0.1 sec of each test. The lower Kh values determined 

from the very well-defined linear recovery trends observed after 0.04 sec in the SB12 tests, 

reflected in the Bouwer and Rice and the Hvorslev variable-head analyses, are considered more 

representative of the actual character of the aquifer materials at this location and are qualitatively 

consistent with the observed thinning of the shallow aquifer at this well. 

 
3.2.4  Groundwater Movement 

 The configuration of the potentiometric surface of the shallow aquifer is illustrated in 

Figure 3.12. This map, constructed by using water levels recorded by hand between 10:00 and 

11:13 a.m. on February 6, 1996, is comparable to the map constructed previously (Figure 4.6 in 

Argonne 1996b). The water levels indicate that within the limits of the water level monitoring 

network, groundwater in the shallow aquifer was flowing to the southeast under a mean gradient 

of approximately 0.004 ft/ft (Table 3.3). This gradient corresponds to Darcy velocities of 

approximately 3-15 ft/yr or flow rates (i.e., average linear velocities) of approximately 
10-100 ft/yr (assuming pore fractions of 0.15-0.3 and Kh values of 2-10 ft/d). 

 The configuration of the deep aquifer’s potentiometric surface shown in Figure 3.13 is 

based on water levels recorded by hand between 10:00 and 11:13 a.m. on February 6, 1996. The 

data from MW 2D were excluded from Figure 3.13 because further analysis of data collected 

during installation of the transducer-Well Sentinel couple in this well during Phase I implied that 

the well is inclined, so that measured water levels do not accurately reflect actual water levels in 

the aquifer. 

 When a transducer-Well Sentinel couple is installed, the equipment is initially calibrated 

to a hand-measured reference water level. After calibration, the equipment is tested for linearity 

by offsetting (i.e., raising or lowering) the transducer a fixed distance (typically 10 ft) from its 

calibration depth. In a vertical well, the change in the depth of water measured by the transducer 

will match the offset distance. However, during installation at MW 2D, the change in water level 

measured by the transducer differed from the offset distance by approximately 0.2 ft. The 

transducer measures the hydrostatic pressure of the overlying water column, and the Well 

Sentinel converts this measurement to an equivalent depth of the water. Thus, the measurement 

is necessarily vertical. If a well is inclined significantly, the offset distance might not be strictly  
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FIGURE 3.12  Map of Agenda, Kansas, Showing the Former CCC/USDA Site; the 
Locations of Public Water Supply and KDHE Monitoring Wells; the Locations of Phase I 
and Phase II Boreholes, Piezometer SB02, and Temporary Wells SB01, SB11, and 
SB12; and Groundwater Elevations in the Shallow Aquifer on February 6, 1997              
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TABLE 3.3  Results of Three-Point-Problem Calculations for Aquifer Flow Direction and 
Gradient 

 
   

Horizontal Locationa 
    

 
 

Well Set 
 

  
Easting 

(ft) 

 
Northing 

(ft) 

 Water Level  
Elevationb 
(ft AMSL) 

Flow Direction 
(degrees, 
azimuth) 

 
Gradient 

(ft/ft) 

        
Shallow Aquifer        
        
MW3S 2159525.211 501692.938 1375.52 154 4.7E-03 
SB02 2160103.417 501081.983 1371.76 (S26E)  
MW2S 2159618.394 501225.847 1374.08   
      
MW3S 2159525.211 501692.938 1375.52 147 3.3E-03 
SB12 2159198.307 501029.278 1374.29 (S33E)  
MW2S 2159618.394 501225.847 1374.08   
      
SB12 2159198.307 501029.278 1374.29 114 3.1E-03 
SB02 2160103.417 501081.983 1371.76 (S66E)  
MW1S 2159657.432 500391.881 1372.16   
      
Mean    138 3.7E-03 
    (S42E)  
      
Deep Aquifer     
      
MW3D 2159525.369 501705.049 1366.94 215 2.7E-04 
SB01 2160101.343 501073.495 1366.89 (S35W)  
MW2D 2159626.868 501220.947 1366.85   
      
SB01 2160101.343 501073.495 1366.89 208 4.4E-04 
MW2D 2159626.868 501220.947 1366.85 (S28W)  
MW1D 2159657.127 500378.826 1366.53   
      
MW2D 2159626.868 501220.947 1366.85 205 4.3E-04 
MW1D 2159657.127 500378.826 1366.53 (S25W)  
SB11 2159373.888 500247.173 1366.54   
        
Mean      209 3.8E-04 
      (S29W) 

 
 

 
a Horizontal coordinates of target location centers are shown, not points selected to represent ground 

elevations or to provide reference elevations.  Northings and Eastings are Kansas State Plane 
Coordinates shown in feet.  Horizontal datum is converted North American Datum (NAD) 27. 

 
b Vertical datum is National Geodetic Vertical Datum (NGVD) 29. Water levels were measured by hand 

between 10:00 and 11:13 a.m. on February 6, 1997. 
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FIGURE 3.13  Map of Agenda, Kansas, Showing the Former CCC/USDA Site; the 
Locations of Public Water Supply and KDHE Monitoring Wells; the Locations of Phase I 
and Phase II Boreholes, Piezometer SB02, and Temporary Wells SB01, SB11, and 
SB12; and Groundwater Elevations in the Deep Aquifer on February 6, 1997                   
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vertical; the result is a measurable difference between the offset distance and the change in water 

depth. In MW 2D, several combinations of transducers and Well Sentinels were tested, all 

yielding comparable results. 

 The water levels in the deep-aquifer wells, excluding MW 2D (Figure 3.13), indicate that 

within the limits of the water level monitoring network, the groundwater was flowing generally 

south-southwest under a mean gradient of approximately 0.0004 ft/ft (Table 3.3). This gradient 

corresponds to Darcy velocities of approximately 1.5-2.9 ft/yr or average linear velocities of 
approximately 5-20 ft/yr, with pore fractions of 0.15-0.3 and Kh of 10-20 ft/d. This pattern of 

groundwater flow is comparable to that observed during Phase I (Figure 4.9, Argonne 1996b). 

 
3.2.5  Hydrogeochemistry 

 The objectives of the hydrogeochemistry program were (1) to characterize the geo-

chemistry of the groundwater in the shallow and deep aquifers and (2) to seek geochemical 

evidence for hydraulic interconnections between the two aquifers from their geochemical 

characteristics. During Phase I, groundwater samples were collected from the six KDHE 

monitoring wells, temporary well SB01, PWS 1, and ten domestic wells and by using the ECPT 

(Figure 1.2). These samples were analyzed for their chemical and isotopic compositions. During 

Phase II, this database was supplemented by collecting and analyzing water samples from the 

two new temporary wells (SB11 and SB12) and from three additional ECPT test locations. 

Detailed descriptions of the samples and the analytical results are in Appendix F. 

 
3.2.5.1  Ionic Compositions 

 The relative proportions of the major cations (calcium, magnesium, and sodium plus 

potassium) and anions (chloride, nitrate, sulfate, and bicarbonate plus carbonate) in the 

groundwater samples from the monitoring and temporary wells, ECPT test holes, domestic wells, 

and PWS 1 are illustrated on a Piper trilinear diagram in Figure 3.14. Concentrations (meq/L) 

used to construct this figure are in Table 3.4. 

 The water in both aquifers is dominated by calcium (Ca2+ > 50% equivalent) and 
bicarbonate (HCO3- > 50% equivalent), indicating that the aquifers are both of the calcium 

bicarbonate type (Back 1961). The deep-aquifer waters exhibit less total variation in their  

 







Agenda ESC Phase II Report 
Version 00, 03/07/97 3-29 

 

compositions than shallow-aquifer waters, and the former generally have a greater percentage of 
bicarbonate. The higher, more variable chloride (Cl-), nitrate (NO3-), and sulfate (SO42-) 

contents of shallow-aquifer waters are probably derived from anthropogenic nonpoint sources, 

except for MW 1S, in which the high nitrate concentration probably reflects the nitrogen 

fertilizer spill at the adjacent Boettcher Enterprises facility (PRC 1994b). The two aquifers are 

most readily distinguished by the relatively greater percentage of noncarbonate anions (nitrate, 

sulfate, and chloride) in the shallow-aquifer waters. 

 Geochemical calculations performed by using PHREEQC (Parkhurst 1995), an aqueous 

speciation and reactive transport model, indicate that deep-aquifer waters can be produced by 

mixing shallow-aquifer water with a more dilute solution, representative of direct recharge to the 

deep aquifer at an upgradient source. This conceptual model for the origin of the deep-aquifer 

water is in accord with regional information on the origin of the potable water in the Dakota 

aquifer (Wade 1992; Helgesen et al. 1982; Leonard et al. 1982). 

 
3.2.5.2  Isotopic Compositions 

 The stable oxygen and hydrogen isotope compositions of the groundwater samples are 

shown in Figure 3.15. The corresponding analytical data are listed in Appendix F, Table F.4. The 

water compositions in both aquifers follow the trend for global meteoric water, which represents 

the oxygen and hydrogen isotopic composition of atmospheric precipitation on a global basis 

(Craig 1961). The position of the samples along the meteoric water trend indicates that 

groundwater in the aquifers originates principally from recharge of precipitation. 

 The isotopic compositions of the samples from the shallow aquifer are generally more 

positive for both oxygen and hydrogen than the compositions of samples from the deep aquifer, 

although the two groups overlap somewhat. These differences probably reflect somewhat 

different recharge areas for the two aquifers. The elevated nitrate concentrations and the locally 

unconfined character of the upper aquifer indicate that it is recharged by downward percolation 

of local precipitation, while the deeper aquifer is likely to receive its recharge some distance 

upgradient from Agenda, in an area free from significant nitrate contamination. 

 The tritium compositions of the groundwater samples are shown in Figure 3.16 and listed 

in Appendix F, Table F.4. Analytical results for enriched samples (having higher precision) are  
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shown in preference to results from standard analyses whenever the former are available. The 

illustrated depth for the sample from PWS 1 is based on the original reported depth for the well 

(128 ft BGL or 1,287 ft AMSL; Stover 1994), rather than the reported completion depth (80 ft 

BGL or 1,335 ft AMSL), because pumping effects observed when the well was in use (Argonne 

1996b) indicate that the well must be completed in the deep aquifer. 

 Tritium in groundwater is principally a result of atmospheric testing of thermonuclear 

weapons from 1953 to 1962 (Ferronsky and Polyakov 1982). Thus, water with a tritium 

concentration of 0 TU1 indicates groundwater that originated before 1953. The shallow-aquifer 

compositions ranged from 5.2 ± 0.17 TU (SB15) to 21.4 ± 0.7 TU (SB12), while compositions in 

the deep aquifer ranged from -0.13 ± 0.19 TU (MW 3D) to 12.5 ± 0.4 (MW 2D). These ranges 

imply that both aquifers contain at least some younger (i.e., post 1953) water. The compositions 

of waters from deep-aquifer wells DW01, DW05, and MW 2D are similar to compositions of the 

waters from the shallow aquifer, while the compositions of samples from SB01, SB11, MW 1D, 

MW 3D, and PWS 1 are less tritiated. If wells DW01 and DW05 are gravel packed along their 

complete lengths, which is typical of older wells, then shallow-aquifer water with elevated 

tritium values might be flowing downward into the deep aquifer at these locations. 

 East of the former CCC/USDA site, the deep aquifer flows west-southwest, toward 

MW 2D. Additional, unidentified domestic wells existing in the area north of Fourth Street and 

east of the former CCC/USDA site could also function as conduits transmitting shallow-aquifer 

water to the deep aquifer, thereby contributing to the elevated tritium value at MW 2D. 

 
3.3  Summary 

 The geologic section penetrated by the public water supply wells at Agenda consists of a 

Pleistocene age alluvial terrace overlying Dakota formation bedrock. The terrace deposits consist 

of clayey silt with some interbedded fine grained quartz sands, with a package of sand at the base 

of the sequence. The basal sand varies in thickness, from approximately 3 ft at the north end of 

the study area to approximately 35 ft at the south end. The bedrock sequence consists of 

approximately 30-35 ft of shale and siltstone, underlain by a package of sandstones 

approximately 40 ft thick in the fluvial facies of the Dakota formation. The bedrock sandstone is 

pinched out to the west of the city. The sinuous and irregular distribution of sands deposited in a 

 
1 1 TU = 1 atom of tritium per 1018 atoms of hydrogen. 
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fluvial setting precludes reliable correlation of the bedrock sandstone over all but very short 

distances. Nevertheless, the abundance and stratigraphic positions of the sandstones in nearby 

irrigation wells suggest a significant potential for cross-cutting between the individual 

sandstones in the immediate area. 

 The two aquifers in the stratigraphic section penetrated by the public water supply and 

observation wells at Agenda are (1) a shallow, unconfined to partially confined aquifer, hosted 

by the sand at the base of the alluvial terrace, and (2) a deeper, confined aquifer, hosted by the 

bedrock sandstone. The two aquifers are separated by approximately 30-35 ft of generally 

unweathered bedrock shale and siltstone, which serves as the confining horizon for the deeper 

aquifer.  

 The coincident drawdowns in the deep-aquifer wells across the site, associated with 

pumping of the public water supply wells, indicate that these locations are hydraulically 

interconnected and that the radius of influence of the public water supply wells extends across 

the complete study area. In contrast, no coincident drawdowns are present on the hydrographs of 

the shallow-aquifer wells, indicating that the deep aquifer is effectively separated hydraulically 

from the shallow aquifer over the area covered by the water level monitoring network. 

 Analyses of well response tests for a subset of the monitoring wells yielded estimated 
ranges of horizontal hydraulic conductivity (Kh) of 1.5-9.1 ft/d for the shallow aquifer and  

6.6-20.3 ft/d for the deep aquifer. 

 Within the limits of the water level monitoring network,groundwater flows generally 

southeast in the shallow aquifer under a gradient of approximately 0.004 ft/ft and south-

southwest in the deep aquifer under a gradient of approximately 0.0004 ft/ft. The head difference 

between the two aquifers (approximately 5 ft) indicates that water would tend to flow from the 

shallow to the deeper aquifer in wells that access both. 

 The chemical composition of the water in both of the aquifers is dominated by calcium 
(Ca2+ > 50% equivalent) and bicarbonate (HCO3- > 50% equivalent), indicating that the waters 

are of the calcium bicarbonate type. The major element compositions of the two aquifers are 

most readily distinguished by the relatively greater equivalent percentage of noncarbonate anions 

(nitrate, sulfate, and chloride) in the shallow-aquifer waters. 
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 The stable isotopic compositions of the samples from the shallow aquifer are generally 

more positive for both oxygen and hydrogen than the compositions of samples from the deep 

aquifer, although the two groups overlap somewhat. The tritium compositions of the water 

samples are more distinct, indicating that waters in the two aquifers are generally isolated from 

each other. This characteristic is consistent with the different responses exhibited by the two 

aquifers to the pumping of the public water supply wells; both observations indicate that the two 

aquifers are well separated hydraulically. 

 Some inflow of shallow-aquifer water to the deep aquifer is indicated in proximity to two 

domestic wells (DW01 and DW05) east of the CCC/USDA site, as would be expected if 

shallow-aquifer water was flowing downward to the deep aquifer through gravel packing in 

these wells. However, (1) the absence of any hydraulic response in the shallow aquifer to 

pumping of the deep-aquifer public water supply wells and (2) the overall distinct tritium 

compositions of the two aquifers together imply that there cannot be widespread hydraulic 

communication via wells across the study area. 
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4  Contaminant Distribution 

 This section discusses the distribution of carbon tetrachloride and chloroform in 

vegetation, soils, and groundwater in the context of the conceptual geologic, hydrogeologic, and 

hydrogeochemical model described in Section 3. 

 
4.1  Vegetation and Soils 

 Coordinated vegetation and soil sampling is being investigated as an adjunct method for 

mapping contaminant distribution and guiding subsurface sampling for carbon tetrachloride. 

Studies to date at former CCC/USDA sites have indicated that contaminant movement in the 

vadose zone is characteristically vertical, with no lateral component. Previous work has shown 

that low levels of carbon tetrachloride and chloroform (< 1 ppb [parts per billion; equivalent to 

µg/kg]) can be detected in various plants and grasses growing in contaminated areas 

(e.g., Argonne 1996c). During Phase I, vegetation and soil samples were collected at Agenda as 

part of this research to help assess shallow subsurface (< 2 ft BGL) contamination at the former 

CCC/USDA site, but analytical results were not available in time for inclusion in the Phase I 

Report (Argonne 1996b). 

 Vegetation and surface soil sampling was performed by using sample collection and 

analysis procedures described in the Master Work Plan (Argonne 1994). Descriptions of the 

vegetation and surface soil samples, including QA/QC replicate and standard samples, are in 

Appendix E, Table E.1 of the Phase I Report (Argonne 1996b). All analyses were performed by 

the Hazardous Waste Research and Information Center in Champaign, Illinois. 

 Figure 4.1 shows the locations of the vegetation and surface soil samples at the former 

CCC/USDA site and analytical results for carbon tetrachloride in those samples. Carbon 

tetrachloride was not detected in any of the vegetation and soil samples. Results for chloroform 

were considered suspect, because of the probable low-concentration (5 µg/L or less) chloroform 

contamination in the commercial distilled water used to rinse the vegetation samples. The data 

for carbon tetrachloride, like the results of the KDHE comprehensive investigation (PRC 1994b), 

indicate that no carbon tetrachloride contamination is in the near-surface soils at the former 

CCC/USDA site. The absence of contamination in the near-surface soils indicates that no 

potential health risk would arise from direct exposure to soils at the site. 
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FIGURE 4.1  Aerial Photograph of the Former CCC/USDA Site, Illustrating 
Existing Grain Bins, Existing and Former Locations of Wooden Storage 
Buildings, Locations of Vegetation and Soil Samples, and Analytical Results 
for Carbon Tetrachloride in Those Samples (Source:  USDA 1962) 
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4.2  Groundwater Contamination 

 
4.2.1  Contaminant Distribution 

 During Phase II, additional information on the distribution of carbon tetrachloride and 

chloroform in the shallow and deep aquifers was obtained by sampling groundwater with the 

ECPT at three locations (SB14, SB15, and SB16) east of the former CCC/USDA site, as well as 

by sampling the two new temporary wells (SB11 and SB12). Locations of and analytical results 

from shallow-aquifer samples are shown, together with results of Phase I sampling, in 

Figure 4.2. Locations of and analytical results from deep-aquifer samples are in Figure 4.3. 

 None of the groundwater samples collected during Phase II contained carbon 

tetrachloride or chloroform. During Phase I, carbon tetrachloride was detected in only three 

groundwater samples, while chloroform was detected in only one sample. Sample ANMW02D-

W-04878, at 6 g/L, was collected from MW 2D, in the southeast corner of the former 

CCC/USDA site. The remaining two carbon tetrachloride-bearing samples were collected 800 ft 

south of the former CCC/USDA site, at MW 1D (Sample ANMW01D-W-04890 at 65 g/L) and 

at PWS 1 (Sample ANPW01-W-04869 at 6 g/L). The sample from PWS 1 also contained 

chloroform at a concentration of 7 g/L. Public supply well PWS 2 was not sampled, because the 

well was out of service. The observed distribution of carbon tetrachloride matched the findings 

of the KDHE comprehensive investigation (PRC 1994b). 

 The three groundwater samples that contained carbon tetrachloride were from the deep 

aquifer. No sample from the shallow aquifer, at the former CCC/USDA site or elsewhere, 

contained carbon tetrachloride or chloroform. This absence of contamination implies that no 

ongoing source of contamination exists in the vadose zone overlying the shallow aquifer at the 

former CCC/USDA site. 

 
4.2.2  Potential Migration Pathways 

 The occurrence of carbon tetrachloride in MW 2D requires a source at or upgradient from 

this location and a migration pathway and mechanism to contaminate the deep aquifer. At least 

three potential migration pathways could reasonably account the contamination at MW 2D. 

These are (1) direct introduction of the carbon tetrachloride into the deep aquifer through an 

abandoned deep-aquifer well; (2) direct downward migration of carbon tetrachloride into the deep aquifer  
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FIGURE 4.2  Map of Agenda, Kansas, Showing the Former CCC/USDA Site, Locations 
and Types of Shallow-Aquifer Groundwater Samples, and Results of Analyses for 
Carbon Tetrachloride 
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FIGURE 4.3  Map of Agenda, Kansas, Showing the Former CCC/USDA Site, Locations 
and Types of Deep-Aquifer Groundwater Samples, and Results of Analyses for Carbon 
Tetrachloride 
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through the shallow aquifer and the intervening shales; and (3) migration initially in the shallow 

aquifer to a suitable conduit through the intervening shales, such as an active or abandoned well, 

followed by downward migration to the deep aquifer. 

 Of these potential migration pathways, only the third can reasonably be supported within 

the conceptual geologic, hydrogeologic, and hydrogeochemical model established by this 

investigation. Although direct introduction cannot be conclusively ruled out, there is no evidence 

of an abandoned well at or immediately upgradient from the former CCC/USDA site. 

 The potentiometric surface (Figure 3.13) of the deep aquifer indicates that the area 

upgradient from MW 2D is east of the former CCC/USDA site, across East Railroad Street in the 

residential section of Agenda. This area is also downgradient from the former CCC/USDA site in 

the upper aquifer (Figure 3.12). Thus, the sum of the data indicates that the most likely migration 

route for the carbon tetrachloride in the deep aquifer runs away from the site, across East 

Railroad Street in the shallow aquifer, and to an existing (e.g., DW01 and DW05) or abandoned 

deep-aquifer domestic well. Downflow via the well would be followed by return flow to the 

CCC/USDA site in the deeper aquifer. The trace concentration of carbon tetrachloride (1.3 µg/L) 

detected in DW05 (a deep-aquifer well at the Berrier residence with an owner-reported depth of 

110 ft BGL) during the KDHE site assessment (PRC 1994a) and the elevated tritium values of 

groundwater from deep-aquifer wells DW01, DW05, and MW 2D are consistent with this 

migration route. 

 
4.2.3  Potential for Future Migration 

 The coincident drawdowns in wells MW 1D, MW 2D, MW 3D, and SB01 (Figure 4.2) 

resulting from pumping of the public water supply wells indicate that these deep-aquifer 

locations are hydraulically interconnected and that the radius of influence of the public water 

supply wells encompasses the known area of groundwater contamination. When these wells were 

in daily use, the maximum gradients observed in the deep aquifer, approximately 0.002 ft/ft, 

corresponded to the time of maximum drawdown; the lowest gradients, approximately 

0.0004 ft/ft, occurred immediately before the next pumping-recovery cycle began (Argonne 

1996b). Because the maximum gradients were generated by pumping the public water supply 

wells, these gradients were necessarily directed toward those wells. Under the maximum 

observed gradient, the corresponding maximum flow rates (i.e., average linear velocities) of 
approximately 25-100 ft/yr (assuming pore fractions of 0.15-0.3, with Kh of 10-20 ft/d) were 
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approximately five times the flow rates corresponding to lowest gradients (0.0004 ft/ft, with 

corresponding average linear velocities of 5-20 ft/yr). Given the observed frequency of pumping 

(3-5 cycles daily) and the nearly static character of the deep aquifer in the absence of pumping, it 

is probable that while the public water supply wells were in use, they were effectively capturing 

the carbon tetrachloride plume. 

 Now that the public water supply wells are shut down, the carbon tetrachloride plume is 

free to migrate away from these wells. The water levels observed in the deep aquifer 

(Figure 3.13) imply that the deep aquifer flows generally south-southwest; however, because of 

the low rate of flow, an extended period of time (50-200 yr) would be required for the plume to 

migrate an appreciable distance (> 1,000 ft) from its present location. 

 The nearest private well to the south-southwest of the city is DW10 (Figure 4.2), an 

abandoned shallow-aquifer well with a reported depth of 42.6 ft (PRC 1994b) in a pasture 

adjacent to deep-aquifer temporary well SB11. The nearest well to the south-southwest of the 

city that is used for drinking water is DW03, a shallow-aquifer well with an owner-reported 

depth of 40 ft (Argonne 1996b) at the Pickard residence (Figure 4.2). No deep-aquifer wells are 

known to lie immediately south-southwest of the known area of carbon tetrachloride 

contamination. Such wells could be affected by potential future migration of the carbon 

tetrachloride plume. 

 
4.3  Summary 

 All of the vegetation and soil samples collected at the former CCC/USDA site during 

Phase I contained no quantifiable carbon tetrachloride. Results for chloroform were considered 

suspect, because of the probable low-concentration (less than 5 µg/L) chloroform contamination 

in commercial distilled water used to rinse the vegetation samples. The results for carbon 

tetrachloride, like the data from the KDHE comprehensive investigation (PRC 1994b), indicate 

that no contamination is in the near-surface soils at the former CCC/USDA site. The absence of 

contamination in the near-surface soils indicates that no potential health risk would arise from 

direct exposure to soils at the site. 

 Carbon tetrachloride was detected in three groundwater samples, while chloroform was 

detected in only one sample. Observed carbon tetrachloride contents were quite low, ranging 

from 6 to 65 µg/L. All of the contaminated groundwater samples were from the deep aquifer. 
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The absence of contamination in the shallow aquifer implies that no ongoing source of 

contamination exists in the vadose zone overlying the shallow aquifer at the former CCC/USDA 

site. 

 The coincident drawdowns in wells MW 1D, MW 2D, MW 3D, and SB01 (Figure 4.2) 

resulting from pumping of the public water supply wells indicate that the radius of influence of 

these wells encompasses the known area of groundwater contamination. Thus, it is probable that 

while the public water supply wells were in use, they were effectively capturing the carbon 

tetrachloride plume. 

 Now that the public water supply wells are shut down, the carbon tetrachloride plume is 

free to migrate to the south-southwest. However, given the apparent low rates of groundwater 

flow (20 ft/yr or less) in the deep aquifer, an extended period of time (50-200 yr) would probably 

be required for the carbon tetrachloride plume to migrate an appreciable distance (> 1,000 ft) 

from its present location. Argonne’s survey of domestic well locations during Phase I indicated 

that no deep-aquifer wells lie immediately south-southwest of the known area of carbon 

tetrachloride contamination. Such wells could be affected by potential future migration of the 

low-concentration (65 µg/L or less) carbon tetrachloride plume. 

 



Agenda ESC Phase II Report 
Version 00, 03/07/97 5-1 

 

5  Conclusions and Recommendations 

 This section summarizes the findings of the ESC investigation at the former CCC/USDA 

site in Agenda, Kansas, and presents recommendations for further action at the site. The 

objectives of this investigation were (1) to develop an integrated conceptual geologic, 

hydrogeologic, and hydrogeochemical model of the site and the surrounding area that is affected 

by carbon tetrachloride contamination and (2) to obtain an understanding of potential sources of 

and migration mechanisms and pathways for the carbon tetrachloride contamination detected in 

Agenda’s public water supply wells, consistent with the documented geologic-hydrogeologic 

model of the site. 

 These objectives were achieved through the ESC investigative program, as documented 

in the Phase I Work Plan (Argonne 1996a), the Phase I Report (Argonne 1996b), the Phase II 

Report (this document), and the relevant sections of the Master Work Plan (Argonne 1994). In 

achieving these objectives, this investigation has established the framework necessary to guide 

subsequent actions at the site. 

 
5.1  Conclusions 

 The following are the principal findings of and conclusions drawn from the ESC 

investigation of the former CCC/USDA site at Agenda: 

• The geologic section penetrated by Agenda’s public water supply and 

domestic wells consists of a Pleistocene alluvial terrace overlying Dakota 

formation bedrock.  

• The alluvial terrace deposits consist predominantly of clayey silt, with some 

interbedded fine grained quartz sands and a package of alluvial sand at the 

base of the sequence. The thickness of the basal sand varies across the study 

area, ranging from approximately 3 ft at the north end of the area to 

approximately 35 ft at the south end.  

• The bedrock consists of approximately 30-35 ft of shale and siltstone, 

underlain by a package of sandstones approximately 40-60 ft thick in the 

fluvial facies of the Dakota formation. The sandstone package is pinched out 
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to the west of the city. Although the sandstone can be correlated readily 

across the study area, the sinuous and irregular distribution of sands 

deposited in a fluvial setting precludes reliable correlation of the sandstone 

over all but very short distances. Nevertheless, the abundance and 

stratigraphic positions of the sandstones in nearby private wells suggest a 

significant potential for cross-cutting between the individual sandstones in 

the immediate area. 

• Within the investigated stratigraphic section are two aquifers: (1) a shallow, 

unconfined to partially confined aquifer, hosted by the sand at the base of the 

alluvial terrace, and (2) a deeper, confined aquifer, hosted by the bedrock 

sandstone. The two aquifers are separated by approximately 30-35 ft of 

generally unweathered bedrock shale and siltstone, which serve as the 

confining horizon for the deeper aquifer.  

• Coincident drawdowns on the hydrographs of the deep-aquifer monitoring 

wells produced by pumping of the public water supply wells indicate that 

these locations are hydraulically interconnected and that the radius of 

influence of the public water supply wells extends across the study area. In 

contrast, no coincident drawdowns are present on the hydrographs of the 

shallow-aquifer wells, indicating that the deep aquifer is effectively separated 

hydraulically from the shallow aquifer over the area covered by the water 

level monitoring network. 

• Analyses of well response tests performed for a subset of the monitoring 
wells yielded estimated ranges of horizontal hydraulic conductivity (Kh) of 

1.5-9.1 ft/d for the shallow aquifer and 6.6-20.3 ft/d for the deep aquifer.  

• Within the limits of the water level monitoring network,groundwater flows 

generally southeast in the shallow aquifer, under a gradient of approximately 

0.004 ft/ft, and south-southwest in the deep aquifer, under a gradient of 

approximately 0.0004 ft/ft. 

• The head difference between the two aquifers averages approximately 5 ft 

across the area, indicating that groundwater would tend to flow from the 

shallow to the deep aquifer in wells that access both. 
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• The chemical composition of the water in both of the aquifers is dominated 
by calcium (Ca2+ > 50% equivalent) and bicarbonate (HCO3- > 50% equiva-

lent), indicating that the waters are of the calcium bicarbonate type. The 

major element compositions of the two aquifers are distinguished most 

readily by the relatively greater equivalent percentage of noncarbonate 

anions (nitrate, sulfate, and chloride) in the shallow-aquifer waters. 

• The stable isotope values (18O and D) of the water samples from the 

shallow aquifer are generally more positive, for both oxygen and hydrogen, 

than those for the deep aquifer, with some overlap between the two groups. 

The tritium compositions of the water samples are more distinct, indicating 

that the waters in the two aquifers are generally isolated from each other. 

This characteristic is consistent with the different responses of the two 

aquifers to the pumping of the public water supply wells, indicating that the 

two aquifers are well separated hydraulically. 

• Some inflow of shallow-aquifer water to the deep aquifer is indicated in 

proximity to two domestic wells (DW01 and DW05) east of the CCC/USDA 

site, as would be expected if shallow-aquifer water was flowing downward to 

the deep aquifer through gravel packing in these wells. However, (1) the 

absence of any hydraulic response in the shallow aquifer to pumping of the 

deep-aquifer public water supply wells and (2) the overall distinct tritium 

compositions of the two aquifers together imply that hydraulic 

communication via wells across the study area cannot be widespread. 

• None of the vegetation and soil samples collected at the former CCC/USDA 

site during Phase I contained carbon tetrachloride above the quantitation 

limit. Results for chloroform were considered suspect, because of the 

probable low-concentration (< 5 µg/L) chloroform contamination in the 

commercial distilled water used to rinse the vegetation samples. The results 

for carbon tetrachloride are consistent with data from the KDHE 

comprehensive investigation, indicating that no contamination is in the near-

surface soils at the former CCC/USDA site. The absence of contamination in 

the near-surface soils indicates that no potential health risk would arise from 

direct exposure to soils at the site. 
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• Carbon tetrachloride was detected in three groundwater samples, while 

chloroform was detected in only one sample. All of the contaminated 

groundwater samples were from the deep aquifer.  

• The absence of contamination in the shallow aquifer at the former 

CCC/USDA site implies that no ongoing source of contamination exists in 

the vadose zone overlying the shallow aquifer at the site. 

• The presence of carbon tetrachloride in the deep aquifer beneath the former 

CCC/USDA site suggests that historically the site was a source of carbon 

tetrachloride contamination at Agenda. However, the known distribution of 

carbon tetrachloride in the deep aquifer to the south of the former 

CCC/USDA site (in MW 1D and in the public water supply wells) is also 

consistent with potential source areas associated with the grain storage 

facilities now operated by United Grain, Inc. The existing data are 

insufficient to establish the presence or absence of these potential additional 

source areas. 

• The coincident drawdowns in the deep-aquifer monitoring wells, resulting 

from pumping of the public water supply wells, indicate that the radius of 

influence of these wells encompasses the known area of groundwater 

contamination. Thus, when the public water supply wells were in use, they 

probably captured the carbon tetrachloride plume. 

• Now that the public water supply wells have been shut down, the carbon 

tetrachloride plume is free to migrate to the south-southwest. However, given 

the apparent low rates of groundwater flow (20 ft/yr or less) in the deep 

aquifer, an extended period of time (50-200 yr) would probably be required 

for the carbon tetrachloride plume to migrate an appreciable distance 

(> 1,000 ft) from its present location. Argonne’s survey of domestic well 

locations during Phase I indicated that no deep-aquifer wells lie immediately 

south-southwest of the area affected by carbon tetrachloride contamination. 

Such wells could be affected by potential future migration of the low-

concentration (65 µg/L or less) carbon tetrachloride plume. 
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5.2  Recommendations 

 The conceptual geologic, hydrogeologic, and hydrogeochemical model of the study area, 

together with data on the present distribution of carbon tetrachloride established through the ESC 

investigative program, provides the framework for subsequent investigative action at the site.  

 A feasibility study to model the potential future movement of the carbon tetrachloride 

plume in the deep aquifer does not appear necessary at this time.  Observed concentrations of 

carbon tetrachloride are quite low (65 µg/L or less), and under the present hydrogeologic 

conditions at the site (i.e., with the public water supply wells shut down), the deep aquifer is 

essentially stagnant, so that an extended period of time (50-200 years) would be required for the 

carbon tetrachloride plume to migrate an appreciable distance (> 1,000 ft) from its current 

position.  Under these conditions, detailed numerical modeling of groundwater flow and 

associated transport of carbon tetrachloride probably will not provide significantly more insight 

to the fate of the contaminant plume. 

 The absence of contamination in the shallow aquifer also implies that no ongoing source 

of contamination exists in the vadose zone at the former CCC/USDA site, and the absence of soil 

contamination indicates that no potential health risk will arise from direct exposure to soils at the 

site. In addition, because no deep-aquifer wells lie immediately south-southwest of the study 

area, in the likely path of potential future migration of the carbon tetrachloride plume, there is no 

immediate potential for exposure to the contaminated water. 

 Nevertheless, the low gradient in the deep aquifer does produce some uncertainty about 

the direction and magnitude of groundwater flow in this aquifer and consequently about the 

potential future movement of the carbon tetrachloride plume. Thus, additional data are needed to 

confirm both the direction and the magnitude of the groundwater flow in the deep aquifer. This 

information will be acquired by 

1. Continuing automated water level monitoring in the deep-aquifer monitoring 

well network through May 1998 to obtain more information on the direction 

of flow and the gradient in the deep aquifer and 

2. Resampling the monitoring wells in May 1997 and May 1998 to confirm the 

absence of carbon tetrachloride contamination in the shallow aquifer (MW 1S, 

MW 2S, MW 3S, and SB12) and to evaluate directly the possible movement 
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and compositional evolution of the carbon tetrachloride plume (MW 1D, 

MW 2D, MW 3D, SB01, and SB11). 

 Once the additional water levels and carbon tetrachloride data are obtained, a further 

assessment of the potential for contaminant migration will be made to determine whether a 

feasibility study is warranted, or whether a groundwater quality monitoring program or some 

other investigative action is needed for the site. 
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LITHOLOGY

Argonne National Laboratory
Environmental Research Division

Log Date:

Depth:

Logged by:

Company:

Drilled by:

Drilling Company:

Rig Type:

Clay, silty: surfical soil, mottled dark brown-black, with fine root material,  
occasional white/clear round quartz grains, 0.5 to 5 mm, damp
No Recovery

Silt: slightly clayey to clayey, light brown to tan, fairly uniform, cohesive, 
dense, grainey when disaggraded, damp

Silt: as above, with occasional round, very fine sand sized black grains

SIlt: as above, moist to wet, below 8.2 ft with occasional 1-2 mm thick 
organic lenses/blebs, moist

Silt: as above, little or no sand, slightly sticky, occasional angular black 
organic flakes and subangular to rounded clear quartz grains, 
noncalcareous, hint of horozontal lamination highlighted by black/organic 
smears/blebs on cut surface,damp

Silt: light to medium brown, slightly sandy (very fine), occasional black 
grains,approximately 0.5 to 1 mm, organic material or Fe/Mn stained, 
cohesive, moist to wet
Silt/Sand: fine, light to medium brown, damp, with black grains as above

Sand, vfg: light to medium brown, slightly silty, cohesive, max grain size 
approximately 0.5 mm,subangular to rounded, clear quartz, dry to damp

Sand, vfg: vfg-fg, light to medium brown, possibly slightly silty, similar to 
above, Mn/Fe staining on approximatley 10 % of the material

Sand, vfg: vfg-fg, tan, loose, well rounded to rounded, clear quartz, trace 
dark grains/white-cloudy grains, wet

No recovery

Sand, vfg: Vfg-fg, as above, with occasional lumps/blebs of black stained 
grains, approximately  1-2 mm, one possible dark gray shale clast, wet

No recovery
Sand, vfg: vfg-fg, as above

Sand, vfg:  vfg-fg, as above, yellow-tan, occasional white blebs as below 
but not cohesive
Sand, vfg: vfg-fg, white, sugary, uncemented, unreactive to HCL, possibly 
slightly silty, breaks into semi-soild, soft lumps/plates (clasts?), poorly 
sorted relative to loose sand above in section, dry to damp

No recovery

Sand, vfg: vfg-fg, light brown to tan, unconsolidated, clear quartz, as 27.5-
28.5 ft, water from core barrel runs bright orange, at 31.9-32.0 rounded 
nodule of material as 28.5-29, approximately 1.5 in in diameter, outer 0.7 cm 
rim on one side of nodule is deep chocolate brown.

SB 11
Agenda CCC/USDA Site
Sec. 16 DBBB T4S R1W, Republic County, Kansas

Ground Surface Elevation:  1397.8 ft November 19-22, 1996
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Sand, vfg: vfg-fg, but very dark brick red, mottling in large irregular 
patches,2 large (1-1.5 in.), many smaller, more platey, rounded, cemented 
clasts of deep brick red/rust red well cemented sandstone as above, wet
Sand, vfg: vfg-fg, yellow/tan, loose, as 27.5-28.5 ft, wet
Sand, vfg: vfg-fg, very  dark brick red, cohesive, but not sandstone clasts 
(caught in shoe)
No recovery  



Agenda ESC Phase II Report 
Version 00, 03/07/97 A-3 

Sand, vfg: vfg-fg, as 32.5 to 33.1, red/orange with dark red sandstone 
clasts/plates
Sand, vfg: vfg-fg, as 27.5-28.5, orange/tan loose, wet

Sand, vfg: vfg-fg, as above, but cohesive, damp/moist

Sand, vfg: vfg-fg, as 37.2 -38.8

No recovery

Sand, vfg: vfg-fg, lt tan/orange-tan, loose, rounded to well rounded, clear 
quartz grains, << 1% red/blk Fe-stained grains

No recovery: sand jamb in barrel, cuttings contain shale, lt gray, soft

Shale: medium gray, dense, slightly soft, slight brick red mottling

Shale: light to medium gray, with traces of red mottling

Shale: medium red

Shale: medium red with some gray mottling

Shale: medium red

Shale: grey with red mottling throughout

Sand, vfg: vfg-fg, gray to tan (variable FeOx staining)
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LITHOLOGY

Argonne National Laboratory
Environmental Research Division

Log Date:

Depth:

Logged by:

Company:

Drilled by:

Drilling Company:

Rig Type:

silt, clayey: black to brown/black, organic

silt: medium to dark brown, root traces

silt, clayey: light red-brown, with 1-2 mm calcite nodules, slightly moist

silt: light red-brown, slightly clayey, light brown, slightly sandy (vfg), moist

silt: light red-brown, moderately clayey, with black organic specks, moist

silt: light red-brown, moderately clayey, trace fine angular sand, moist

silt: light red-brown, moderately clayey, trace fine sand, moist to wet

silt: light red-brown, moderately clayey, trace fine sand, moist

silt: light red-brown, moderately clayey, minor fine sand (sand content 
increasing slightly), moist

silt: light red-brown, slightly to moderately clayey, slightly to moderately 
sandy (fg, sand content increasing)

Sand/Silt/Clay:  medium brown, silt ~65%, sand ~15%, clay ~20%

Sand/Silt/Clay: orange-brown, silt ~65%, sand ~15%, clay ~20%

Sand,fg: fg-mg, orange-brown, silty, clayey, wet, making water

shale: grey-red, slightly silty, moist

SB 12

Agenda CCC/USDA Site
Sec. 16 BDDA T4S R1W, Republic County, Kansas

Ground Surface Elevation:  1395.9 ft AMSL November 19-20, 1996
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LITHOLOGY

Argonne National Laboratory
Environmental Research Division

Log Date:

Depth:
Logged by:

Company:

Drilled by:

Drilling Company:

Rig Type:

silt, clayey:  black to brown/black, organic

silt: medium to dark brown, root traces

silt, clayey: light  red-brown, with 1-2 mm calcite nodules, slightly moist

silt: light red-brown, slightly clayey, light brown, slightly sandy (vfg), moist

silt: light red-brown, moderately clayey, with black organic specks, moist

silt: light red-brown, moderately clayey, trace fine angular sand, moist

silt: light red-brown, moderately clayey, trace fine sand, moist to wet

silt: light red-brown, moderately clayey, trace fine sand, moist

silt: light red-brown, moderately clayey, minor fine sand (sand content 
increasing slightly), moist

silt: light red-brown, slightly to moderately clayey, slightly to moderately 
sandy (fg, sand content increasing)

Sand/Silt/Clay:  medium brown, silt ~65%, sand ~15%, clay ~20%

Sand/Silt/Clay: orange-brown, silt ~65%, sand ~15%, clay ~20%

sand,fg: fg-mg, orange-brown, silty, clayey, wet, making water

SB 13
Agenda CCC/USDA Site
Sec. 16 BDDA T4S R1W, Republic County, Kansas

Ground Surface Elevation:  1395.8 ft November 23-24,1996
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M. Krokosz, S. Cook
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shale: grey-red, slightly silty, moist

Shale: red

Sand: (rig chatter)

Shale: red

Shale: mixed red (80%) and light gray (20%)

Shale: light gray

Shale: light gray, hard (slow drilling)

Shale: light gray, with coal fragments

Shale: light gray

Shale: light gray with red mottling throughout
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Shale: gray with red mottling throughout
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Environmental Research Division

Ground Surface Elevation:
Depth:

ECPT Date:
ECPT by:

Depth
(feet)

ECPT Operator:

0 200

Argonne National Laboratory

0 100
Resistivity Sleeve Stress

0 100 3000 0
Tip StressPore Pressure

0

10

20

30

40

50

60

SB

Interpreted by:

AGENDA CCC/USDA Site Investigation

1412.63 ft
60.64 ft

12/05/96

T. Bauder/S. Armstrong
ARA/Argonne

Sec. 16 ACBA, T4S R1W, Republic County, Kansas

14

S. Cook

 



Agenda ESC Phase II Report 
Version 00, 03/07/97 A-10 

14
10

14
00

13
90

13
80

13
70

13
60

Lithology 0 0 0 100
Conductivity Tip Stress Sleeve Stress

0
10

20
30

40
50

60

Depth Elevation
(ft AMSL)(ft BGL)

Interpreted

Argonne National Laboratory
Environmental Research Division

14
10

14
00

13
90

13
80

13
70

13
60

200 3000

14
10

14
00

13
90

13
80

13
70

13
60

14
10

14
00

13
90

13
80

13
70

13
60

Ground Surface Elevation:

Interpreted by:

Depth:
ECPT Date:

ECPT by:

ECPT Operator:

silt, clayey

sand, fg

shale: 
weathered

SB14

Sec. 16 ACBA, T.4 S., R.1W, Republic County, Kansas
AGENDA CCC/USDA Site Investigation

60.04 ft.

S. Cook

12/05/96

ARA/Argonne

T. Bauder/S.Armstrong

1412.63 ft

 



Agenda ESC Phase II Report 
Version 00, 03/07/97 A-11 

Environmental Research Division
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Appendix B: 

Well Construction Data 
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Depth
ft BGL

Elevation
ft AMSLCasing Materials Annular Materials

Argonne National Laboratory
Environmental Research Division

Top of Casing Elevation:
Ground Surface Elevation:

Date:

Date:
Supervised by:

Installed by:

Company:

Developed by:

Company:

SB 11
Agenda CCC/USDA Grain Storage Site
Sec. 16 DBBB, T4S R1W, Republic County, Kansas

1400.83 ft
1397.8 ft

S. Cook, M. Krokosz, R. Sedivy

Dane, Bob
Layne-Western

11/19-11/22/96

Bob

Layne-Western
11/25/96

11.75 in. diameter borehole from 0 to 50 ft 
BGL 

Portland cement with 5% bentonite from 0 to 
50 ft BGL

7.75 in. diameter borehole from 50 to 133 ft 
BGL

Portland cement with 5% bentonite from 0 to 
95 ft BGL

Bentonite chips from 95 to 103.2 ft BGL

Fine silica sand buffer from 103.2 to 104.1 ft 
BGL

Coarse-graded silica sand filter pack from 
104.1 to 133 ft BGL

8 in. schedule 40 PVC stickup set in 3 ft 
diameter cement pad 

8 in. schedule 40 flushjoint PVC conductor 
casing from 0 to 49 ft BGL

4 in. schedule 40 flushjoint PVC casing from 0 
to 107 ft BGL

4 in. schedule 40 flushjoint PVC 0.010 slotted 
screen from 107 to 127 ft BGL

4 in. schedule 40 flushjoint PVC casing sump 
from 127 to 133 ft  BGL

 



Agenda ESC Phase II Report 
Version 02, 08/25/00 B-3 

0
10

20
30

40

13
92

13
82

13
72

13
62

13
52

Depth
ft BGL

Elevation
ft AMSLCasing Materials Annular Materials

Argonne National Laboratory
Environmental Research Division

Top of Casing Elevation:
Ground Surface Elevation:

Date:

Date:
Supervised by:

Installed by:

Company:

Developed by:

Company:

SB12
Agenda CCC/USDA Grain Storage Site
Sec. 16 BDDA, T4S R1W, Republic County, Kansas

1,398.49 ft
1,395.9 ft

M. Krokosz, S. Cook

Bob
Layne-Western

11/20/96

Bob

Layne-Western
11/21/96

12 in. diameter borehole from 0 to 44 ft BGL 

Portland cement with 5% bentonite from 0 to 
26.5 ft BGL

Bentonite chips from 26.5 to 29.5 ft BGL

Coarse-graded silica sand filter pack from 
29.5 to 44 ft BGL

8 in. schedule 40 PVC stickup  set in 3 ft 
diameter cement pad

4 in. schedule 40 flushjoint PVC casing from 0 
to 31.5 ft BGL

4 in. schedule 40 flushjoint PVC 0.010 slotted 
screen from 31.5 to 41.5 ft BGL

4 in. schedule 40 flushjoint PVC casing sump 
from 41.5 to 43.5 ft  BGL
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Appendix C: 

Water Level Data 































































































































Agenda ESC Phase II Report 
Version 00, 03/07/97 E-1 

 
 
 
 
 
 
 
 
 
 
 
 

Appendix E: 

Survey Data 
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TABLE E.1  Sampling Locations at Agenda, Kansas 
 

       
Representative 

    

  Horizontal Locationa  Ground Surface  Reference   
      Elevationb  Location  Description of Reference 

Location  Northing  Easting  (ft AMSL)  (ft AMSL)  Elevation Location 
 

           
Temporary Wells 
           
SB11  500247.17  2159353.89  1397.80  1400.83  Top of 4-in. well casing. 
SB12  501029.28  2159198.31  1395.90  1398.49  Top of 4-in. well casing. 
           
Soil Borings 
 
SB13  501017.66  2159197.93  1395.80  -  Average ground. 
           
Cone Penetrometer Locations 
           
SB14  501084.57  2159693.03  1412.63  -  Average ground. 
SB15  501332.52  2159677.73  1412.30  -  Average ground. 
SB16  501448.04  2159681.75  1411.00  -  Average ground. 
           
 
a Horizontal coordinates of target location centers are shown, not points selected to represent ground elevations or 

to provide reference elevations.  Northings and Eastings are Kansas State Plane Coordinates shown in feet.  
Horizontal datum is converted North American Datum (NAD) 27. 

 
b Vertical datum is National Geodetic Vertical Datum (NGVD) 29. 
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Appendix F: 

Groundwater Sample Data 
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TABLE F.1  Groundwater Samples Collected during the Phase II Field Investigation at  
Agenda, Kansas 
 

     
Depth 

  
Sample 

  

Location  Sample  (ft) 
 

 Date  Sample Description 

         

Cone Penetrometer Locations 

         

SB14  ANSB14-W-04961  51-54  12/5/96 Water very slow entering rods. Waited 1.5 hr 
to collect sample. Water slightly colored. 

        

SB15  ANSB15-W-04962  52-55  12/5/96 Water entered rods quickly. 

        

SB16  ANSB16-W-04964  55-58  12/5/96 Water entered rods quickly. 

        

Temporary Wells 

        

SB11  ANSB11-W-04965  107-127  12/11/96 Sample collected after purging well with Redi-
Flow pump for 68 min at 3.5 gpm. (About 235 
gal purged.) Depth to water from top of casing 
= 34 ft. Depth of  
well = 135 ft.  

        

SB12  ANSB12-W-04966  31.5-41.5  12/11/96 Sample collected after purging well with Redi-
Flow pump for 27 min at 2 gpm. (Purge 
volume = 54 gal.) Depth to water from top of 
casing = 23.96 ft. Depth of well = 45.79 ft. 
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TABLE F.2  Organic Analytical Results for Groundwater Samples Collected 
during the Phase II Field Investigation at Agenda, Kansas 
 

     
 

Depth  

  
Carbon 

Tetrachloride 

  
 

Chloroform 
Location  Sample  (ft) 

 
 (µg/L)  (µg/L) 

         

Cone Penetrometer Locations 

         

SB14  ANSB14-W-04961  51-54  < 5  < 5 

SB15  ANSB15-W-04962  52-55  < 5  < 5 

SB16  ANSB16-W-04964  55-58  < 5  < 5 

         

Temporary Wells 

         

SB11  ANSB11-W-04965  107-127  < 5  < 5 

SB12 
 

 ANSB12-W-04966  31.5-41.5  < 5  < 5 
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TABLE F.4  Analytical Results for Isotopes for Phase I and Phase II Groundwater Samples Collected at 
Agenda, Kansas 
 

     
Sample  
Depth 

  
 

Sample 

  
Deuterium

D 

  
Oxygen-18 
18O 

  
Tritium 
(TU ± 

  
Tritium 

(enriched) 
Location  Sample  (ft)  Date  (per mil)  (per mil)  error)  (TU ± error) 

               
               
Domestic Wells 
               
DW01  ANDW01-W-04850  110a  4/17/96 -52  -8.3  11 ± 3  7.93 ± 0.28 
DW02  ANDW02-W-04851  60a  4/17/96 -48  -7.9  12 ± 3   NAb 
DW03  ANDW03-W-04852  45a  4/17/96 -47  -7.9  8 ± 2  6.45 ± 0.29 
DW04  ANDW04-W-04855  Unknown  4/18/96 -52  -8.3  11 ± 3  NA 
DW05  ANDW05-W-04862  110a  4/19/96 -50  -8.1  9 ± 3  6.52 ± 0.25 
DW06  ANDW06-W-04863  60a  4/19/96 -46  -7.8  12 ± 3  NA 
DW08  ANDW08-W-04866  62a  4/20/96 -42  -7.3  14 ± 3  NA 
DW09  ANDW09-W-04868  66a  4/22/96 -48  -7.6  10 ± 3  10.7 ± 0.9 
DW10  ANDW10-W-04876  42a  4/23/96 -43.5  -7.7  26 ± 4  17.3 ± 0.6 
              
Public Well 
              
PW01  ANPW01-W-04869  125a  4/22/96 -50  -8.2  2 ± 2  NA 
              
Monitoring Wells 
              
MW01S  ANMW01S-W-04891  44-54  4/23/96 -42  -7.7  14 ± 3  NA 
MW01D  ANMW01D-W-04890  130-140  4/23/96 -49  -7.7  0 ± 3  NA 
              
MW02S  ANMW02S-W-04877  49-59  4/23/96 -43  -7.3  12 ± 3  NA 
MW02D  ANMW02D-W-04878  129-139  4/23/96 -48  -7.9  16 ± 3  12.5 ± 0.4 
              
MW03S  ANMW03S-W-04901  38-48  4/24/96 -52  -8.0  9 ± 3  7.9 ± 0.4 
MW03D  ANMW03D-W-04902  104-114  4/24/96 -48  -8.1  5 ± 2  -0.13 ± 0.19
              
Cone Penetrometer Locations 
              
SB07  ANSB07-W-04881  46-49  4/24/96 -43  -7.4  16 ± 3  NA 
SB09  ANSB09-W-04883  52-58  4/26/96 -52  -8.0  8 ± 3  6.8 ± 0.9 
SB10  ABSB10-W-04885  53-56  4/26/96 -50  -7.8  6 ± 2  7.9 ± 0.9 
SB14  ANSB14-W-04961  51-54  12/5/96 -50  -7.5  NA  10.2 ± 0.3 
SB15  ANSB15-W-04962  52-55  12/5/96 -53  -7.6  NA  5.22 ± 0.17 
SB16  ANSB16-W-04964  55-58  12/5/96 -54  -7.9  NA  5.72 ± 0.19 
             
Cone Penetrometer Piezometers 
             
SB02  ANSB02-W-04880  64-70  4/23/96 -49  -8.1  7 ± 3  6.1 ± 0.9 
SB08  ANSB08-W-04882  48.5-57.5  4/25/96 -49  -7.75  9 ± 2  7.4 ± 0.9 
              
Temporary Wells 
              
SB01  ANSB01-W-04900  118.9-128.9  4/24/96 -51  -8.3  -1 ± 2  0.16 ± 0.18c

SB11  ANSB11-W-04965  107-127  12/11/96 -51  -7.9  NA  0.08 ± 0.09c

SB12  ANSB12-W-04966  31.5-41.5  12/11/96 -57  -8.1  NA  21.4 ± 0.7c 
               
 
a Approximate depth of well. 
 
b NA, sample not analyzed. 
 
c Enriched tritium result is the average of duplicate measurements. 
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TABLE G.2  Organic Analytical Results for Quality Control Samples Collected 
during the Phase II Field Investigation at Agenda, Kansas 
 

       
Concentration (µg/L for water, 

µg/kg for soil) 
         
    Depth  Carbon   

Location  Sample  (ft) 
 

 Tetrachloride  Chloroform 

         
Equipment Rinsate 
         
QC  ANRI02-W-04959  -a  < 5  < 5 
         
Trip Blanks 
         
QC  ANTB12596-W-04960  -  < 5  < 5 
QC  ANTB-W-04971  -  < 5  < 5 
         
Field Replicate 
         
SB15  ANSB15-W-04962  52-55  < 5  < 5 
SB15  ANSB15-W-04963  52-55  < 5  < 5 
         
Waste Soil Samples 
         
SB11  ANSB11DR-S-04967  -  < 5  < 5 
SB12  ANSB12DR-S-04969  -  < 5  < 5 
         
Waste Water Samples 
         
SB11  ANSB11DR-W-04968  -  < 5  < 5 
SB12  ANSB12DR-W-04970  -  < 5  < 5 
         
 
a Depth not applicable. 
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TABLE G.3  Recovery of System-Monitoring Compounds in Analyses for Volatile Organic Compounds 
 

       
Recoverya (%) 

   
Analysis 

 Sample 
Delivery 

    
Bromofluoro- 

  
1,2-Dichloro- 

Sample  Date  Group  Toluene-d8  benzene  ethane-d4 
           

           
ANRI02-W-04959  12/12/96  62977  90  86 85 
AN12596-W-04960  12/12/96  62977  94  89 86 
ANSB14-W-04961  12/12/96  62977  88  87 83 
ANSB15-W-04962  12/12/96  62977  105  100 97 
ANSB15-W-04963  12/12/96  62977  88  87 84 
ANSB16-S-04964  12/12/96  62977  97  94 91 
ANSB15-W-04962MS  12/12/96  62977  90  103 96 
ANSB15-W-04962MSD  12/12/96  62977  96  102 96 
ANSB11-W-04965  12/21/96  62977  95  106 97 
ANSB12-W-04966  12/21/96  62977  94  106 96 
ANTB-W-04971  12/21/96  62977  94  108 97 
          
ANSB12DR-W-04970  12/19/96  63033  105  113 112 
ANSB11DR-W-04968  12/21/96  63033  96  106 98 
ANSB12DR-W-04970MS  12/21/96  63033  97  104 100 
ANSB12DR-W-04970MSD  12/21/96  63033  95  105 97 
ANSB11DR-S-04967b  12/18/96  63033  108  104 94 
ANSB12DR-S-04969b  12/18/96  63033  112  91 96 
       
a Contract-required quality control limits are as follows: 
 

  Recovery (%) in Samples 
  Water  Soil 
Toluene-d8  88-110  84-138 
Bromofluorobenzene  86-115  59-113 
1,2-Dichloroethane-d4  76-114  70-121 

 
b Soil sample. 
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TABLE G.4  Matrix Spike/Matrix Spike (MS/MSD) Results in Analyses for Volatile Organic Compounds 
 

   
Concentration (µg/L) 

        
Relative 

        Recovery (%)  Percent  
    Sample          Difference 
 

Compound 
  

Sample 
 Spike 

Added 
 MS 

Result
 MSD 

Result
 MS 

Result
 MSD 

Result
  

QC Limit 
  

RPD
  

QC Limit 
                   

                   
MS/MSD Analysis of ANSB15-W-04962 for Sample Delivery Group 62977   
                   
1,1-Dichloroethene  0  50  20  20  40a 40a  61-145  0  14 
Trichloroethene  0  50  42  43  84 86  71-120  2  14 
Benzene  0  50  42  43  84 86  76-127  2  11 
Toluene  0  50  43  46  86 92  76-125  7  13 
Chlorobenzene  0  50  45  46  90 92  75-130  2  13 
                  
Carbon Tetrachloride  < 5  50  38  38  76 76  60-140  0  40 
Chloroform  < 5  50  40  41  80 82  60-140  5  40 
                  
MS Analysis of ANSB12DR-W-04970 for Sample Delivery Group 63033   
                  
1,1-Dichloroethene  0  50  44  41  88 82  61-145  7  14 
Trichloroethene  0  50  78  79  156a 158a  71-120  1  14 
Benzene  0  50  50  46  100 92  76-127  8  11 
Toluene  0  50  49  45  98 90  76-125  8  13 
Chlorobenzene  0  50  49  44  98 88  75-130  11  13 
                  
Carbon Tetrachloride  < 5  50  46  42  92 84  60-140  9  40 
Chloroform  < 5  50  45  38  90 76  60-140  17  40 
                   
 
a Value outside quality control limit. 
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 TABLE G.5  Recovery of Inorganic 
Constituents during Analysis of Laboratory 
Control Samples 
 
   

Recoverya (%) in  
Sample Delivery Group 

 
Analyte 

  
SDG 62975 

  
SDG 63040 

     
     
Aluminum  96.9 96.9 
Calcium  95.4 95.4 
Iron  96.1 96.1 
Magnesium  95.3 95.3 
Manganese  93.3 93.3 
Potassium  98.8 98.8 
Sodium  96.6 96.6 
Zinc  94.9 94.9 
Silicon  100.3 100.3 
Phosphorus  -b - 
    
Chloride  100.4 99.6 
Sulfate  101.1 101.4 
Nitrate  94.0 96.0 
Phosphate  95.0 104.1 
     
 
a Laboratory control sample limit =  

80-120%.          
 
b Not analyzed. 
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TABLE G.6  Relative Percent Difference for Duplicate Isotope Analyses of 
Groundwater Samples Collected during the Phase II Field Investigation at Agenda, 
Kansas       
 

            
       Sample  Duplicate  Relative 
    Depth   Result  Result  Percent 

Location  Sample  (ft)  (per mil)  (per mil)  Difference
            

          
Duplicate Laboratory Analysis of Sample ANSB11-W-04965 for Deuterium 
          
SB11  ANSB11-W-04965  107-127  -51 -50 2.0 
         
DuplIcate Laboratory Analysis of Sample ANSB12-W-04966 for Oxygen-18 
         
SB12  ANSB12-W-04966  31.5-41.5  -8.1 -8.3 2.4 
         
Duplicate Laboratory Analysis of Sample ANSB16-04964 for Deuterium 
         
SB16  ANSB16-W-04964  55-58  -54 -55 1.8 
         
Duplicate Laboratory Analysis of Sample ANSB16-04964 for Oxygen-18 
         
SB16  ANSB16-W-04964  55-58  -7.9 -7.7 2.6 
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