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Final Phase | Report and Phase Il Work Plan:
Expedited Site Characterization,
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 the CCC/USDA and the private grain storage industry to preserve grain in
their facilities. In 1987, carbon tetrachloride was detected at a concentration above the maximum
contaminant level (MCL) of 5micrograms per liter (ug/L) promulgated by the
U.S. Environmental Protection Agency in one of Agenda’s public water supply (PWS) wells
during routine screening by the Kansas Department of Health and Environment (KDHE 1992).
Subsequent investigations guided by the KDHE detected carbon tetrachloride in both of
Agenda’s public supply wells and in the groundwater at the site of the CCC/USDA grain storage
facility (PRC 1994, 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 has 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) methodology
to satisfy the requirements of a 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 methodology was developed by Argonne to optimize preremedial site
characterization work at hazardous waste sites by obtaining and then exploiting a thorough
understanding of a site’s geology, hydrogeology, and geochemistry. This approach is essential
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because the geology, hydrogeology, and geochemistry of a site effectively govern the mobility
and fate of the contaminants there. Throughout the ESC program, investigative work is guided
by a conceptual geologic, hydrogeologic, and geochemical model 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 model is tested and
revised during 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.

This report describes the findings of first phase of the ESC investigation at Agenda. The
principal objectives of this phase were (1) to obtain data on the geology, hydrogeology, and
groundwater geochemistry in the vicinity of the former CCC/USDA site; (2) to confirm and
extend the conceptual geologic and hydrogeologic models of the study area; and (3) to obtain a
preliminary understanding of potential sources of and migration pathways for the carbon
tetrachloride contamination detected in Agenda’s public supply wells. The second phase of this
investigation will focus on delineating contamination, as well as refining the conceptual geologic
and hydrogeologic model as it relates to understanding and predicting contaminant distribution.

Section 2 of this report describes the investigative methods used during Phase | of the
investigation. Sections 3 and 4 present findings of the geologic and hydrogeologic studies,
including data on lithology, stratigraphy, hydrostratigraphy, groundwater movement, and
groundwater geochemistry at Agenda. Section 5 describes data relevant to the distribution and
migration of carbon tetrachloride in soils and groundwater. Section 6 summarizes the
information presented in Sections 3, 4, and 5 and presents the work plan that will guide Phase Il
of the investigation. To streamline the reporting process, materials from the Phase | Work Plan
(Argonne 1996a) and relevant sections of the Master Work Plan (Argonne 1994) are not
repeated in detail in this report. Consequently, these two documents must also be consulted to
obtain the complete details of the Phase | investigative program.
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2 Investigative Methods

This section describes the field and laboratory methods used to investigate the geology
and hydrogeology in the study area and the distribution of carbon tetrachloride and chloroform in
groundwater, soils, and vegetation there. Detailed descriptions of the field and laboratory proce-
dures associated with these methods are presented in the Master Work Plan (Argonne 1994).

2.1 Drilling Program

One conventional soil boring, SBO1 (Figure 2.1), was core-drilled by the mud rotary
method. This borehole was used to obtain lithologic and stratigraphic data and to install a
temporary observation well for groundwater sampling and water level monitoring. Drilling was
performed by the Layne-Western Company of Wichita, Kansas. A lithologic log was prepared
during drilling by examining drill cuttings and by collecting split-spoon samples and cores over
selected intervals. This lithologic log is in Appendix A.

2.2 Electronic Cone Penetrometer Program

Nine locations (SB02-SB10, 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. Activities at the individual ECPT
locations varied with location-specific objectives and subsurface conditions. Resistivity and
mechanical logs were recorded at all ECPT locations. The initial ECPT test hole, SB02, was
located adjacent to SBO1 to permit calibration of the ECPT logs to the lithologic sequence at
SBO01. The additional ECPT logs were used to supplement stratigraphic information obtained at
SB01 and SB02, to guide selection of groundwater sampling intervals, and to facilitate the
installation of piezometers. The ECPT logging program is discussed further in Section 2.4.2.
Geologic sampling at three locations (SB04, SB06, and SB09) with a Mostap® sampler provided
lithologic samples for examination and ECPT log calibration and to aid in the selection of
groundwater sampling intervals. Groundwater samples were collected at five locations (SB02,
SB07-SB10) to obtain information on groundwater geochemistry and contaminant distribution.
Details of the ECPT groundwater sampling program are discussed in Section 2.7.3.
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2.3 Water Level Monitoring Program

The water level monitoring program was designed to determine groundwater potential
gradients and directions of groundwater flow. During the comprehensive investigation (Cl)
conducted by the KDHE, two aquifers were identified: a shallow aquifer consisting of
unconsolidated silts and alluvial sands and a deep aquifer hosted by a sandstone (PRC 1994).
The KDHE installed three observation wells in each aquifer (MW 1S, MW 1D, MW 2S,
MW 2D, MW 3S, and MW 3D, Figure 2.1). However, the linear arrangement of the wells
precluded accurate determination of the gradients and directions of flow in the aquifers. This
limitation was addressed by Argonne by installing two observation wells (SBO1 and SB02, Figure 2.1)
and subsequently measuring water levels over the complete observation well network.

2.3.1 Installation of Temporary Wells and Piezometers

A temporary observation well was installed in SBO1 to collect groundwater samples and
to monitor water levels in the deep aquifer. To protect the deep aquifer from any potential
contamination in the shallow aquifer, 8-in.-ID flush-joint, schedule 40 polyvinyl chloride (PVC)
casing was installed to a depth below the base of the shallow aquifer, and the annulus was filled
with grout to the surface. After an interval to allow the grout to cure, a 7.25-in.-diameter boring
was drilled through the 8-in. casing to the final depth. The well was completed by using 4-in.-1ID
flush-joint, schedule 40 PVC casing with a 0.010-in. slotted screen set from 118.9 to 128.9 ft
below ground level (BGL) (1,293 to 1,283 ft above mean sea level [AMSL]). A construction
diagram for this well is in Appendix B. After completion, the well was initially developed by
surging and bailing. Cycles of surging and bailing continued without pause until the bailing
water lacked fines. The well was then purged with a submersible pump until the pH and
conductivity of the water stabilized and the water ran clear.

At SB02, a piezometer was installed to monitor water levels in the shallow aquifer. The
well point was installed with the ECPT by using a direct-push method, in which casing and
screen were attached to a sacrificial cone penetrometer tip and advanced to the desired depth
inside the penetrometer rods. The rods were then withdrawn, leaving the sacrificial tip, screen,
and casing in place. The annular space was sealed with Benseal® bentonite pellets. The
piezometer was completed by using 1-in.-ID PVC casing with a 0.010-in. slotted screen set from
64 to 70 ft BGL (1,348 to 1,342 ft AMSL).
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2.3.2 Water Level Measurements

Water levels in the network of observation wells (i.e., in SB01, SB02, MW 1S, MW 1D,
MW 2S, MW 2D, MW 3S, and MW 3D) were measured to determine potential gradients and
directions of groundwater flow in the aquifers. Initially, several sets of measurements were made
by hand to the nearest 0.01 ft by using an electronic water level meter from a surveyed mark at
the top of the casing. On May 22 and 23, 1996, pressure transducers and Well Sentinel™ units
were installed in SBO1, SB02, and the six KDHE monitoring wells to obtain a detailed record of
water level fluctuations. All eight devices were configured to record water levels hourly. The
water level data are tabulated in Appendix C. Results of the water level monitoring program are
discussed in Section 4.

2.4 Geophysical Logging

The geophysical logging program consisted of wireline induction and natural gamma
logging in monitoring wells MW 1D, MW 2D, and MW 3D and in temporary well SBO1, as well
as acquisition of ECPT logs at nine locations. The suite of wireline and ECPT logs was used in
conjunction with lithologic data from drill cuttings, drill cores, and split-spoon samples to define
lithologic groupings, allowing extension of the stratigraphic interpretation into areas without
direct geologic sampling. Results of this program are discussed in Section 3.

2.4.1 Wireline Induction and Natural Gamma Logging

Wireline induction and natural gamma logs were acquired in MW 1D, MW 2D, MW 3D,
and SBO1 (Figure 2.1) by using Argonne’s Mt. Sopris MGX logger and logging tools. The
induction probe measures the electrical conductivity of the lithologic units in millisiemens per
meter (mS/m) (equivalent to millimhos per meter). The gamma probe was used to measure the
amount of natural gamma radiation emitted by the formations in counts per second (cps). The
logs were used as an aid in correlating the various stratigraphic units throughout the study area.
Copies of the geophysical logs are presented in Appendix A with the corresponding lithologic
logs.
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2.4.2 Electronic Cone Penetrometer Logging
The ECPT was used to record resistivity, tip stress, sleeve stress, and instantaneous pore

pressure logs at nine locations (SB02-SB10, Figure 2.1). Copies of the ECPT logs are in
Appendix A. On the logs, resistivity has been converted to conductivity by using the relationship

1
1,000 x resistivity (ohm-m) '’

conductivity (mS/ m) =

for consistency with the data obtained with the wireline induction probe. The ECPT logs were
compared with the wireline logs of the conventional boreholes to identify stratigraphic horizons
between the locations where direct lithologic data were available from drilling.

2.5 Surveying

Surveying services were provided by Schwab-Eaton, Inc., of Manhattan, Kansas. At the
conclusion of the field program, the KDHE monitoring wells, ECPT test hole locations, soil
boring/temporary well location SB01, and piezometer location SB02 were surveyed to provide
horizontal and vertical control for stratigraphic correlation, water level monitoring, and
hydrogeologic mapping. In addition, control points were surveyed from which the vegetation
sampling and surface soil sampling locations could be hand-measured. The locations of the
domestic wells from which water samples were collected were estimated by hand measurement,
by aerial photography (USDA 1986), and from the USGS topographic map of the area (USGS
1965). Survey data are in Appendix D.

2.6 Collection and Analysis of Vegetation and Surface Soil Samples

Coordinated vegetation and soil sampling is being investigated as an adjunct tool for
determining contaminant distribution and guiding subsurface sampling for carbon tetrachloride,
because to date, vadose zone movement appears to be vertical at CCC/USDA sites, with no
lateral component. Previous work indicated that low levels of carbon tetrachloride and
chloroform can be detected in various plants and grasses growing in contaminated areas (e.g.,
Argonne 1996b). Vegetation and soil samples collected as part of this research might help to
assess shallow subsurface (< 2 ft BGL) contamination at the former CCC/USDA site at Agenda.
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Vegetation and surface soil sampling was performed by using the sample collection and
analysis procedures described in the Master Work Plan (Argonne 1994). TableE.1 in
Appendix E describes each vegetation and surface soil samples collected, including quality
assurance/quality control (QA/QC) replicate and standard samples. Figure 2.2 shows the
locations of the vegetation and surface soil samples within the former CCC/USDA site.
Vegetation and surface soil samples collected during Phase | field activities were shipped
immediately to the Hazardous Waste Research and Information Center in Champaign, Illinois,
for analysis. All samples were analyzed for carbon tetrachloride and chloroform according to
methods described in the Master Work Plan (Argonne 1994).

2.7 Collection and Analysis of Groundwater Samples

Groundwater sampling was performed during the Phase | field program at Agenda by
using the sample collection and analysis procedures described in the Master Work Plan
(Argonne 1994). A total of 23 groundwater samples were collected from 23 locations. A detailed
listing of the groundwater samples, including location, date sampled, and sample depth, is
provided in Table F.1 in Appendix F. Locations where samples were collected are shown in
Figure 2.1.

Groundwater samples collected for organic and inorganic analyses were shipped to
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 described in the Master Work Plan (Argonne 1994). The results of
these analyses are in Table F.2 in Appendix F. Inorganic analyses were performed on selected
Phase | groundwater samples to examine groundwater geochemistry and determine whether the
two aquifers at Agenda are distinct chemically. The analytes included dissolved anions (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 are given in Table F.3
in Appendix F.

Groundwater samples were also analyzed for tritium (3H) and stable isotopic ratios of
hydrogen (D/H) and oxygen (180/160) by the procedures described in the Master Work Plan
(Argonne 1994). The hydrogen and oxygen isotope analyses were performed by Krueger
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Enterprises, Inc., Cambridge, Massachusetts. Tritium analyses were performed at the Tritium
Laboratory at the University of Miami, Miami, Florida. Results of the isotope analyses are
presented in Table F.4 in Appendix F.

Field parameters (temperature, pH, and conductivity) were measured in the field 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 in Appendix F, Table F.5.

2.7.1 Samples from Public Water Supply and Domestic Wells

During Phase | activities at Agenda, water samples were collected from PWS 1 and ten
domestic wells (DWO01 through DW10, Figure 2.1). The samples were analyzed for carbon
tetrachloride, chloroform, major anions (chloride, sulfate, nitrate, and phosphate), metals
(calcium, magnesium, sodium, potassium, aluminum, iron, manganese, phosphorus, zinc, and
silicon), tritium, and stable isotopic ratios of hydrogen and oxygen. The results of these analyses
are in Tables F.2-F.4 in Appendix F.

2.7.2 Samples from Temporary Well SB01 and the KDHE Monitoring Wells

Samples were collected from the six monitoring wells installed by the KDHE in 1994
(Figure 2.1) and the temporary well installed in SB01. Monitoring wells MW 1S, MW 2S, and
MW 3S were completed in a shallow water-saturated sand with the tops of the 10-ft screen
intervals at depths of 44 ft, 49 ft, and 38 ft, respectively. Monitoring wells MW 1D, MW 2D, and
MW 3D were completed in a deeper water-saturated sandstone with the tops of the 10-ft screen
intervals at depths of 130 ft, 129 ft, and 104 ft, respectively. Temporary well SB01 was installed
in the deeper water-saturated sandstone with the top of its 10-ft screen interval at a depth of
118.9 ft. All samples were analyzed for carbon tetrachloride, chloroform, major anions, major
metals, tritium, and stable isotopes of hydrogen and oxygen. Analytical results for these samples
are tabulated in Appendix F (Tables F.2-F.4).
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2.7.3 Samples Collected with the Electronic Cone Penetrometer

The ECPT was used to collect five groundwater samples from the shallow water-
saturated horizon at five locations (SB02, SB07, SB08, SB09, and SB10). The samples were
analyzed for carbon tetrachloride, chloroform, anions, metals, tritium, and hydrogen and oxygen
isotopes. Results of the analyses for these samples are in Tables F.2-F.4, Appendix F.

2.8 Quality Control for Sample Collection, Handling, and Analysis

2.8.1 Quality Control for Sample Collection and Handling

Quality assurance/quality control of sample collection and handling activities was
monitored by the collection of field blanks, equipment rinsates, trip blanks, and field replicate
(split) samples. A listing of these QA/QC samples is in Appendix G, Table G.1. The
contaminants of concern at the Agenda CCC/USDA site are carbon tetrachloride and chloroform.
Analytical results for these compounds in QA/QC samples are in Appendix G, Table G.2.

Water used for equipment decontamination and drilling in conjunction with Phase | field
activities was sampled to verify that carbon tetrachloride and chloroform contamination detected
in environmental samples did not derive from the water. A sample of water used during the
ECPT investigation and a sample of the water used throughout the rotary drilling operation were
analyzed. Neither carbon tetrachloride nor chloroform was detected in these blanks at a
concentration above the quantitation limit (Table G.2).

One equipment rinsate was collected and analyzed for carbon tetrachloride and
chloroform in conjunction with the ECPT groundwater sampling effort (Table G.1). The rinsate
did not contain these contaminants of concern at concentrations above the quantitation limit
(Table G.2), indicating that proper decontamination procedures were followed for reusable
sampling equipment during ECPT groundwater sampling activities. Disposable equipment was
used during other groundwater sampling activities, as well as during vegetation and surface soil
sampling.

As an indicator of cross-contamination of samples during shipment, a trip blank was
prepared and included in each of the eight shipments to the CLP laboratory containing groundwater
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samples for carbon tetrachloride and chloroform analysis (Table G.1). Because the container of
deionized water brought to the site for preparing trip blanks developed a leak during the field
investigation, distilled water was purchased locally to prepare two trip blanks. Chloroform was
subsequently detected in these trip blanks (Table G.2). Contamination of the locally purchased
distilled water is suspected, because the analytical results for the samples in the associated
shipments do not indicate cross-contamination, as evidenced by the following observations:

e Trip blank ANTBO05-W-04903 was shipped with six groundwater samples
(ANDW10-W-04876, ANMWO02S-W-04877, ANMWO02D-W-04878,
ANSB02-W-04880, ANMWO01D-W-04890, and ANMWO01S-W-04891) for
analysis of volatile organic compounds (VOCs). Two of these samples
(ANMWO01D-W-04890 and ANMWO02D-W-04878) contained carbon
tetrachloride; none of the groundwater samples contained chloroform. The
chloroform concentration reported for trip blank ANTBO05-W-04903 was
6 ug/L.

» Trip blank ANTB06-W-04904 was shipped with five groundwater samples
(ANSBO01-W-04879, ANSBO07-W-04881, ANSB01-W-04900, ANMWO03S-
W-04901, and ANMWO03D-W-04902) for VOC analysis. Neither carbon
tetrachloride nor chloroform was detected in any of these groundwater
samples. The chloroform concentration reported for trip blank ANTBO06-W-
04904 was 5 pg/L.

Field replicate (split) samples were collected as an indication of consistent sampling
methodology as defined by the sampling protocols in the Master Work Plan (Argonne 1994).
These samples also provide one measure of the precision of the analytical process. Three
vegetation replicate samples and one surface soil replicate sample were collected for organic
analysis (Table E.1, Appendix E). Two field replicate (split) groundwater samples were collected
for organic and inorganic analyses (Table G.1, Appendix G). Final analytical results for the
vegetation and soil samples are not available at this time. Analytical results for groundwater
replicate samples were identical for both carbon tetrachloride and chloroform (Table G.2).
Quality control for the organic and inorganic analyses is discussed in the following sections.
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2.8.2 Quality Control for Organic Analyses

Samples submitted to the CLP laboratory for organic analysis were analyzed in six
sample delivery groups (SDGs). Complete CLP data packages were provided by the laboratory.
The QA/QC procedures included initial and periodic calibration of instruments, analysis of
laboratory blanks, monitoring of surrogate spike recovery, and matrix spike/matrix spike

duplicate (MS/MSD) analyses. The results were as follows:

Deviations from CLP protocol for VOC analyses could affect data quality in two of the

Analytical instruments were properly tuned; initial and continuing calibration
checks remained within the 25% allowable limit.

Contaminants of concern were not detected in laboratory method blanks for
soil or water analyses.

Surrogate standard determinations were performed on samples and blanks by
using the surrogate spike compounds toluene-d8, 4-bromofluorobenzene, and
1,2-dichloroethane-d4. Table G.3 in Appendix G shows the recovery of the
three system-monitoring compounds for each of the organic analyses on water
samples. Surrogate compound toluene-d8 exceeded the QC limit by 3% for
one sample in SDG 57981, as discussed below.

The MS/MSD analyses were performed in accordance with CLP protocols by
using matrix spike compounds 1,1-dichloroethene, trichloroethene,
chlorobenzene, toluene, and benzene in order to evaluate the matrix effect of
samples on the analytical methodology. Table G.4 in Appendix G shows the
percent recovery of the spike compounds for each of the MS/MSD analyses
performed, as well as the calculated relative percent difference (RPD) for each
of the MS/MSD analyses. For all analyses, contract-required recovery limits
specific to each matrix spike were met. The calculated RPD for MS/MSD
analyses also met QC limits.

SDGs, as noted below.
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2.8.2.1 Sample Delivery Group 57981

Sample delivery group 57981 included 17 water samples (12 groundwater samples,
1 field blank, 4 trip blanks). One MS/MSD analysis was performed in conjunction with this
group. Samples included in SDG 57981 are identified in Table G.3.

As a result of instrument failure, samples ANDWO09-W-04868, ANPWO01-W-04869, and
ANTBO04-W-04875 were analyzed for VOCs after the prescribed holding time, 10 days after
receipt of the samples. Samples ANPWO01-W-04869 and ANTBO04-W-04875 were analyzed
within 12 days of sample collection and sample ANDWO09-W-04868 within 15 days. The
analytical results are considered acceptable, because the samples were shipped on ice overnight
to the CLP laboratory and were maintained at 4°C until analysis.

Recoveries of surrogate compounds were within the allowable QC limits for all analyses
except one. The percent recovery of surrogate compound toluene-d8 was greater (at 113%) than
its upper QC limit of 110% for the matrix spike sample ANDWO01-W-04850MS (Table G.3). The
QC limits for percent recovery of the other two surrogate compounds were met for this analysis.
Recoveries of spike compounds were within QC limits for the MS/MSD analysis, and calculated
RPDs ranged from 0% to 4%, indicating good analytical precision (Table G.4).

2.8.2.2 Sample Delivery Group 58574

Sample delivery group 58574 included four wastewater samples (purge water from
KDHE monitoring wells MW 1S, MW 1D, MW 2S, and MW 2D) and one trip blank. One
MS/MSD analysis was performed in conjunction with this group. Samples included in
SDG 58574 are listed in Table G.3. The samples were shipped overnight to the CLP laboratory,
but the shipment was delayed in route and did not arrive at the laboratory until two days after the
scheduled day of arrival. The temperature of the package was recorded at the laboratory as 25°C.
The samples were cooled to 4°C at the laboratory and analyzed within approximately 24 hours.
In all four samples, no carbon tetrachloride or chloroform was detected (Table G.2) at the
quantitation limit of 5 ug/L for these compounds. Because the temperature of the samples
exceeded the maintenance temperature (4°C) for an unknown period of time, these analytical
results are considered suspect. These samples were collected for waste characterization, and the
suspect results do not affect the investigation of carbon tetrachloride and chloroform
contamination in the aquifers at Agenda.
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2.8.3 Quality Control for Inorganic Analyses

Inorganic analyses were performed on selected groundwater samples to characterize the
geochemistry of the water-saturated horizons. All samples were analyzed for metals (aluminum,
calcium, iron, magnesium, manganese, phosphorus, potassium, silicon, sodium, and zinc) and
major anions (chloride, sulfate, nitrate, and phosphate). Groundwater samples for metals analysis
were preserved by adjusting their pH values to less than 2 upon their arrival at the CLP
laboratory.

Samples submitted to the CLP laboratory for inorganic analysis were shipped in two
SDGs. Complete CLP data packages were provided by the CLP laboratory. The QA/QC
procedures followed included initial and continuing calibration of instruments, duplicate
laboratory analyses, and spiked sample analyses. The results were as follows:

e Initial and continuing calibration of analytical equipment was performed
according to method protocol, with calibration of instruments verified
throughout the analytical process by the analysis of instrument check
standards to determine instrument drift. Laboratory QC for accuracy was
measured by the percent recovery of known concentrations of the metals and
anions of concern added to these laboratory control samples. Percent recovery
of the spiked analytes of concern was excellent, well within the acceptable
limit of 90-110%. Table G.5 in Appendix G shows the recovery range
achieved in laboratory control samples during initial and continuing
calibration of analytical instruments.

» Laboratory QC for precision was measured by the calculated RPD between
analytical results of duplicate analyses. Two blind replicate samples were
submitted to the CLP laboratory for inorganic analysis: (1) sample ANDWO04-
W-04856, a replicate of sample ANDWO04-W-04855, and (2) sample
ANSBO01-W-04900, a replicate of sample ANSB01-W-04879. Two samples
were selected by the CLP laboratory for duplicate analyses: (1) sample
ANDWO03-W-04852 and (2) sample ANMWO01D-W-04890. Table G.6 in
Appendix G shows the inorganic analytical results for the four duplicate
analyses. The low calculated RPD values indicate a high level of analytical
precision.



Agenda ESC Phase | Report and Phase Il Work Plan
Version 00, 07/12/96 2-14
» Spiked sample analyses provide information about the effect of the sample
matrix on the digestion and measurement methodology. Table G.7 in
Appendix G shows the inorganic analytical results for the two laboratory
duplicate analyses and the recovery of matrix spikes. Spike recovery was
within the allowable limit of 75-125%.

Six groundwater samples (samples ANDWO05-W-04862, ANDWO06-W-04863, and
ANDWO08-W-04866 in SDG 57981 and samples ANSB08-W-04882, ANSB09-W-04883, and
ANSB10-W-04885 in SDG 58098) were analyzed for nitrate and orthophosphate after the
standard 48-hour holding time for these analyses. The inorganic data are collected to characterize
the geochemistry of the water-bearing zones, not to quantify any potential inorganic
contaminants that would be unrelated to the operation of the CCC/USDA facilities. Results for
these six samples are consistent with those of other samples analyzed within the prescribed
holding time. Therefore, the results are considered acceptable for the intended purpose of aquifer
definition.

2.9 Waste Characterization, Handling, and Disposal

Potentially contaminated waste soil derived during drilling of SBO1 and water purged
from KDHE monitoring wells MW 1S, MW 1D, MW 2S, and MW 2D were drummed and
sampled before disposal as described in the following sections.

2.9.1 Drilling Wastes

The drill cuttings, mud slurry, and excess grout accumulated during the drilling and
installation of the SB01 temporary well were placed in 44 drums. At the conclusion of the field
program, 9 composite samples were collected to represent the waste material. Each composite
sample was composed of aliquots from 5 drums, as indicated in Table G.1 in Appendix G.
(Sample ANDRO09-S-04874 was composed of aliquots from 4 drums.) Neither carbon
tetrachloride nor chloroform was detected above the quantitation limit in any of the waste soil
samples (Table G.2); therefore, the waste soils and sediments were considered free from carbon
tetrachloride and chloroform. These wastes were placed in a fill area owned by the city of
Agenda, which was used for drilling wastes generated by the KDHE during the ClI (PRC 1994).
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2.9.2 Purge Water

Groundwater purged from KDHE monitoring wells MW 1S, MW 1D, MW 2S, and
MW 2D was containerized before the wells were sampled. After aeration for approximately three
weeks, samples of the containerized purge water from each well were collected (Table G.1,
Appendix G) and analyzed for carbon tetrachloride and chloroform contamination. No carbon
tetrachloride or chloroform was detected at the quantitation limit of 5 pg/L in any of the four
samples analyzed. Because the samples were delayed in shipment, arriving at the CLP laboratory
two days late and at a temperature of 25°C, the analytical results are considered suspect. The
groundwater samples from MW 1D and MW 2D (Table F.2, Appendix F) contained carbon
tetrachloride above the quantitation limit. The purge water was considered potentially
contaminated and was disposed of at the Belleville, Kansas, sanitation plant, where the KDHE
disposed of purge water during the CI (PRC 1994).
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3 Geology

The geologic interpretation presented in the Phase | Work Plan (Argonne 1996a) was
based on regional stratigraphic data compiled by the Kansas Geological Survey (Wade 1992;
Macfarlane et al. 1991) and lithologic data from the logs of the boreholes drilled during the CI of
the site (PRC 1994) and the driller’s log of Agenda’s well PWS 2 (KDHE 1983). The
hypothesized stratigraphic sequence consisted of a package of unconsolidated Pleistocene age
silts and clays overlying an interbedded sequence of Cretaceous age shales and sandstones. This
interpretation differed from the one presented in the CI (PRC 1994).

To resolve this discrepancy, additional lithologic data were obtained by core-drilling a
test hole at SBO1 (Figure 3.1) and by sampling targeted horizons with the ECPT at SB06
(Figure 3.1). The direct stratigraphic data generated were supplemented by calibrating ECPT
resistivity and mechanical logs to the lithologic sequence at SB01 and subsequently acquiring
ECPT resistivity and mechanical logs at eight locations (SB03-SB10), as well as through
resistivity and natural gamma logging of SB01 and three of the monitoring wells (MW 1D,
MW 2D, and MW 3D) installed by the KDHE during the CI. This section describes the findings
of and the conclusions drawn from these investigative activities.

3.1 Lithologic Sequence at SBO1

The lithologic sequence at SBO1 is illustrated in Figure 3.2. A detailed lithologic log for
this borehole is presented in Appendix A. The uppermost lithologic unit consists predominantly
of unconsolidated, red-brown clayey silt that exhibits some gray mottling and occasionally
contains small (<1 mm in diameter) manganese oxide nodules. Within this unit, a single 2-ft-
thick bed of light gray, silty sand occurs at approximately 18 ft BGL. At 58 ft BGL, a transition
occurs to a red-brown sandy silt that is interbedded with several thin (< 0.2 ft thick), iron oxide-
stained, silty, subangular to subrounded quartz sands.

Underlying the interbedded silt-and-sand sequence is the bedrock (at approximately 66 ft
BGL). The bedrock consists of a gray shale, the upper 7 ft of which are mottled light and dark
gray, with numerous vertical fractures and a variable amount of iron oxide staining. Below this
mottled and fractured zone, the shale has a uniform gray color, is finely laminated, and contains
occasional to abundant small (< 3 mm in diameter), disseminated flakes of coal. In addition, athin
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FIGURE 3.2 Lithologic, Conductivity, and Natural Gamma Logs of Test Hole SB01
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(approximately 0.2 ft thick) seam of interbedded shale and coal is present at approximately 75 ft
BGL. Below the coal, the lithology changes to a light gray siltstone, which retains the fine
laminations exhibited by the overlying shale. At 78-79 ft BGL, the color of the siltstone changes
gradually from light gray to dark red as it becomes pervasively stained by hematite. At 88 ft, a
0.2-ft section of well-cemented, hematite-stained sandstone was recovered in the core barrel.
Below this point, the driller was unable to recover core samples. At 98 ft BGL, a split-spoon
sampler was run to obtain a direct sample. This procedure recovered 0.4 ft of tan, poorly
consolidated, very fine grained to fine grained quartz sandstone after 52 blows with the rig’s
hydraulic hammer. Drill cuttings from below this point had characteristics consistent with the
sandstone sample recovered with the split spoon. At 129 ft, a second shale was encountered. This
shale is light gray with some dark red hematitic mottling.

The geophysical properties of the lithologies at SB01 are also illustrated in Figure 3.2.
The logs show that the sandstone within the bedrock portion of the borehole exhibits a
significant decrease in both conductivity and natural gamma activity relative to the overlying and
underlying shales. This response, typical of a clean quartz sandstone, defines well the occurrence
of this lithologic unit. In contrast, the thin sands that immediately overlie the bedrock surface do
not display a measurable decrease in conductivity and natural gamma count, probably because of
their stratigraphic thickness and their interbedded occurrence. Within the unconsolidated clayey
silt sequence, a zone at 36-46 ft BGL exhibits a significant increase in conductivity. A similar
zone is present in the corresponding stratigraphic interval on the conductivity log of adjacent
ECPT hole SB02 (Appendix A). There were no obvious differences in lithology of this zone
relative to the overlying and underlying sediments. The increase in conductivity could be due to
a subtle increase in clay content or moisture through this zone.

3.2 Stratigraphic Interpretation

Stratigraphic relationships within the geologic section penetrated by Agenda’s public
supply wells, the KDHE boreholes, and borehole SBO1 are illustrated in two geologic cross
sections (Figure 3.3), west-to-east section A-A" (Figure 3.4) and south-to-north section B-B’
(Figure 3.5). These sections were constructed by correlating the lithologic, conductivity, and
natural gamma logs of SB01, 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 PWS 2. Copies of
these logs are in Appendix A.
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The uppermost stratigraphic unit consists of brown to red-brown unconsolidated silt and
silty clay. This unit extends to approximately 55 ft BGL at the north end of the study area
(MW 3D, section B-B’), but only to approximately 20 ft BGL at the south end of the area
(MW 1D, section B-B’). At SB01 (section A-A’), this unit contains a 2-ft-thick bed of light gray,
silty sand at approximately 18 ft BGL; at SB06, a thin (< 0.1 ft) horizon of limestone gravel
pebbles occurs at approximately 50 ft BGL.

At MW 2D, MW 3D, and SBO01, the silty clay unit is underlain by a tan to orange-brown,
very fine to medium grained silty quartz sand, which at SBO1 and MW 2D is interbedded with a
series of red-brown sandy silts. Along the line of section A-A" and from approximately SB07
northward along section B-B’, this sand overlies shale bedrock. To the south at MW 1D
(section B-B'), the sand appears to be pinched out against a bedrock sandstone.

In the CI report (PRC 1994), this sandstone was interpreted as a fluvial sand. Its lithology
was described as a tan to orange-brown, fine to medium grained, well-sorted, subrounded quartz
sand containing some “pebbly clasts of Dakota sandstone” (PRC 1994). This description is
strikingly similar to the character of the sandstone at SBO1. In addition, the driller’s log for
PWS 2 (section B-B') describes the laterally equivalent stratum as a “sandrock” (KDHE 1983),
the term used by the local well driller to describe the sandstones in this area (Argonne 1996a).
East and somewhat northeast of MW 1D at SB03 and SB04 (Figure 3.3), ECPT test holes
achieved refusal at approximately 15 ft BGL, indicating the presence of a well-consolidated
horizon. This depth correlates with the top of the shallow sand on the log of MW 1D
(Appendix A). The similarity in character, the presence of sandstone clasts, and the material’s
mechanical strength are all consistent with interpreting this lithologic unit as a bedrock
sandstone.

Beneath the sandstone at MW 1D and beneath the unconsolidated sand elsewhere is a
finely laminated gray shale (approximately 10 ft thick at SBO1, section A-A’) that contains
disseminated flakes and, in two locations (SBO1 and MW 1D), thin seams of coal. At SB01, the
upper 7 ft of this shale was mottled light and dark gray and contained 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 finally to a dark red siltstone.

Below the siltstone is tan, fine to medium grained, well-sorted, subrounded quartz
sandstone. The sandstone ranged from approximately 42 ft thick at SBO1 (section A-A") to more
than 60 ft at MW 1D (south end of section B-B’). At SB01, MW 2D, and MW 3D, this sandstone
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is underlain by a gray shale, which at SBO1 exhibited some red mottling. The base of the
sandstone was not encountered at either MW 1D or PWS 2.

The unconsolidated silty clay and silty sand units that overlie the bedrock 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 numerous 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 local bedrock outcrops (Byrne etal. 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 in part be loess, while the
limestone gravel encountered at SBO6 and the interbedded silts and sands within the sequence
likely represent fluvial deposits. The sands at the base of the sequence were probably derived in
part from the sandstone subcrop encountered at MW 1D. In this context, the weathered zone at
the top of the shale at SBO1 presumably developed prior to the deposition of the terrace.

Regional stratigraphic studies indicate that the bedrock at Agenda is the Cretaceous age
Dakota Formation (Wade 1992), which contains two distinct facies assemblages: a deltaic
assemblage and a fluvial assemblage (Wade 1992; Macfarlane et al. 1991). These assamblages
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).

The deltaic facies assemblage consists of approximately 50% interlaminated shales and
mudstones, both of which have a high organic content, along with very fine to fine grained
sandstone. The remainder is composed of relatively clean, fine grained sandstone. 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 of coal) indicate that these shales were
originally deposited in the deltaic facies of the Dakota. This observation implies that the
overlying subcropping sandstone at MW 1D likely was deposited in either an active distributary
channel or a distributary mouth bar.
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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 splay
sandstones that were deposited on coastal floodplains. The remaining 40% of the Dakota 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). In this context, the varicolored siltstones that underlie the organic-rich
shales in SBO1 (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 assignment of the sandstones to their respective environments of deposition has
implications in predicting their areal distribution and continuity. Specifically, regional studies
have demonstrated that individual channel sandstones in the alluvial facies are largely
discontinuous and ribbon-like (Macfarlane et al. 1991), except for the channel sandstones at the
base of the formation, which form a laterally continuous package (Wade 1992). However, the
sandstones encountered in the boreholes at Agenda are too high stratigraphically to belong to the
basal sandstone package (Argonne 1996a). 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, the deeper sandstone at Agenda would be expected to trend generally
west-southwest.

Predicting the likely orientation of the shallow sandstone is more problematic. This
sandstone was originally deposited in the deltaic facies of the Dakota Formation, as either a
distributary channel sand or a distributary mouth bar. The orientations of the subaqueous
distributary channels in deltas are typically highly variable, while sands deposited in distributary
mouth bars tend to form isolated lenses (Blatt et al. 1972). This tendency, together with partial
erosion of the shallow sandstone prior to deposition of the alluvial terrace during the Pleistocene,
precludes prediction of the depositional trend or the potential lateral extent of the shallow
sandstone.

Drillers’ logs of nearby irrigation wells (see Appendix A in Argonne 1996a) recorded
one to five sandstones interbedded with “red clay” and “blue clay” within the stratigraphic
interval of the Dakota equivalent to the section at Agenda. The red coloration is characteristic of
the fluvial assemblage of the Dakota (Wade 1992), while “blue clay” probably indicates deltaic
facies deposits. Unfortunately, the sinuous, irregular distribution of sandstones deposited in these
depositional environments precludes reliable correlation over all but very short distances.
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Nevertheless, their frequency of occurrence does suggest a significant potential for cross-cutting
between the individual sandstones in the immediate area.

3.3 Summary

The geologic section at Agenda penetrated by the public water supply wells consists of a
Pleistocene age terrace overlying Dakota Formation bedrock. The terrace deposit consists largely
of clayey silt, with some interbedded, fine grained quartz sands. At Agenda, the Dakota
Formation contains two sandstones, separated by an intervening section of shale and siltstone.
Both sandstones are poorly consolidated. The shallow sandstone subcrops beneath Pleistocene
age terrace deposits and appears to have been partially eroded before the terrace was deposited.
The thin sands at the base of the terrace deposits appear to be pinched out against the
subcropping sandstone; then probably were derived by erosion of this sandstone. The shallow
sandstone appears to have been deposited in the deltaic facies of the formation, in either an
active distributary channel or a distributary mouth bar; the deep sandstone was deposited in the
fluvial facies of the Dakota as a series of point bars in a meandering river channel. The sinuous
and irregular distribution of sands deposited in these depositional environments precludes
reliable correlation of the individual sandstones over all but very short distances. Nevertheless,
the abundances 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.
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4 Hydrogeology

This section describes the findings of the hydrogeologic portion of the investigation. The
hydrogeologic interpretation presented in the Phase | Work Plan (Argonne 1996a) was based on
the hypothesized stratigraphic sequence, regional hydrogeologic information (Wade 1992;
Helgesen et al. 1982; Leonard et al. 1982), and water level measurements made during the ClI
(PRC 1994). The objectives of Argonne’s hydrogeologic investigation were to confirm the
hydrostratigraphy and to gather information on directions of groundwater flow, potential
gradients, and the geochemistry of the aquifers. The locations where hydrogeologic data were
obtained are illustrated in Figure 4.1.

4.1 Hydrostratigraphy

Two aquifers, termed shallow and deep, were identified during the CI within the
stratigraphic section penetrated by Agenda’s public water supply wells (PRC 1994). In Figures
4.2
and 4.3 the relationships between these aquifers and the previously described stratigraphic units
are illustrated by superimposing on geologic cross sections A-A’ and B-B’ the water levels
recorded by the Well Sentinel™ units at 10 p.m. on May 19, 1996.

Together with the stratigraphic data, the water levels indicate that the shallow aquifer is a
composite of two stratigraphic units: (1) the thin and occasionally interbedded alluvial sands
occurring at the base of the Pleistocene age alluvial terrace deposits (MW 2S, MW 2D, and
SBO01 in section A-A’ and MW 3S and MW 3D in section B-B') and (2) the subcropping Dakota
Formation sandstone (MW 1S, MW 1D, and PSW 2 in section B-B’). The water level in MW 1S
is below the top of the sandstone, consistent with the previously reported water levels for this
well (PRC 1994, 1995), indicating this aquifer is unconfined at this location. In contrast, water
levels in SBO1, MW 2S, and MW 3S lie above the basal alluvial sands in the silty clay. During
drilling of SBO1, split-spoon samples collected above the interbedded silty sands were damp to
moist; only the sands appeared to be water saturated. This observation is consistent with the
record on the lithologic log for MW 3S (PRC 1994) of a “moist-wet” soil at 44 ft BGL
(approximately 1,353 ft AMSL), the elevation that corresponds to the top of the basal alluvial
sand at this location. These observations indicate that the shallow aquifer is at least semiconfined
at these locations.
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The deep aquifer is hosted by a channel sandstone package in the fluvial section of the
Dakota Formation. The two aquifers are separated by approximately 35 ft of Dakota Formation
shales and siltstones. However, the water levels in the deep aquifer are only approximately 5-8 ft
lower than the corresponding shallow-aquifer water levels, suggesting that the intervening shales
and siltstones function as a confining horizon and that the two aquifers not interconnected
hydraulically.

The present data are insufficient to determine whether the intervening shales and
siltstones are also water saturated. At SB01, these units were damp, but because the core samples
were obtained by the mud rotary method, visual observations of moisture might be misleading.
The shales immediately below the shallow sand were fractured vertically and exhibited iron
oxide staining, both characteristics that could indicate water-saturated conditions within this
zone. Alternatively, the iron oxide staining might have developed while the shale was exposed
prior to deposition of the Pleistocene terrace. Below the fractured zone, the siltstones and shales
were fresh, implying that they have not been exposed to oxygenated groundwater.

Regionally, the Dakota aquifer is saturated throughout, with siltstones and shales of low
hydraulic conductivity contributing significantly to water storage in the aquifer but not to
groundwater movement (Wade 1992). The difference in water levels (i.e., the head difference)
between the aquifers (approximately 5 ft) indicates that groundwater will flow downward from
the shallow aquifer to the deep aquifer, although the magnitude of the downward flux through
rocks of low hydraulic conductivity, such as the intervening shales (with K values typically 10-1
to 10-5 ft3 ft-2 yr-1), would not be significant (< 1 ft3 ft-2) over short time spans (< 40 years).
However, an artificial higher-conductivity conduit, 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.

4.2 Water Level Fluctuations

Figures 4.4 and 4.5 illustrate water levels for the shallow and deep aquifers, respectively,
as recorded hourly by the Well Sentinel™ units during the week of May 19-25, 1996. The
corresponding data are tabulated in Appendix C. During the observation period, water levels in
the shallow aquifer were generally stable, with only several small (< 0.2 ft), brief (<3 hour)
events. The magnitude and time scale of these small events are consistent with variations in
atmospheric pressure (Kruseman and de Ridder 1991).
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In sharp contrast with the stable pattern of the shallow aquifer is the pattern of water level
fluctuations in the deep aquifer, with water levels in all four observation wells exhibiting
synchronized, periodic drawdown. The largest drawdown occurred in MW 1D, the observation
well closest to PSW 1 and PSW 2 (Figure 4.1). The magnitude of the drawdown decreased with
distance from the public water supply wells. The pattern indicates that the drawdowns resulted
from the pumping of the city’s wells and that pumping of these wells influences water levels
significantly in the deep aquifer throughout the study area. Within each cycle, the aquifer
experienced a period of rapid drawdown, followed initially by an equally rapid period of
recovery. The recovery rate then declined until the beginning of the next cycle. The small
fluctuations in the levels of the shallow aquifer do not correlate with these deep-aquifer cycles.

The absence of a plateau at the recovery end of the cycles indicates that the deep aquifer
probably does not achieve complete recovery between pumping cycles. However, the drawdown
and recovery levels are nearly constant through time, suggesting that the deep aquifer is in a state
of dynamic equilibrium with the pumping wells. To what degree this equilibrium state differs
from the undisturbed state of the deep aquifer cannot be determined without prolonged shutdown
of the public water supply wells. Such a condition will occur when the city’s water system is
connected to the rural water supply line in the later half of 1996.

4.3 Groundwater Flow

Potentiometric surfaces in the shallow and deep aquifers are illustrated in Figures 4.6-4.9.
The pattern of flow in the shallow aquifer (Figure 4.6) is illustrated by using water levels
recorded at 3 a.m. on May 20, 1996. For the deep aquifer, patterns of flow are illustrated by three
sets of water levels, at 10 p.m. on May 19, 1996 (Figure 4.7), and at 3 a.m. and 8 a.m. on May
20, 1996 (Figures 4.8 and 4.9). These times correspond to one complete cycle of drawdown and
recovery exhibited by the deep aquifer in response to pumping of the public water supply wells
(Figure 4.5). During the cycle, water levels in the shallow aquifer were nearly constant
(Figure 4.4).

The water levels (Figure 4.6) indicate that within the limits of the observation well
network, groundwater in the shallow aquifer was flowing to the southeast under a gradient of
approximately 0.0068 ft/ft at this time. However, the overall stability of shallow-aquifer water
levels (Figure 4.4) indicates that the pattern of flow in the shallow aquifer is essentially constant
through time.
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The potentiometric surfaces in the deep aquifer (Figures 4.7-4.9) indicate that the
groundwater was flowing generally south-southwest within the limits of the observation well
network. The direction of flow varied slightly through the pumping cycle in the northern half of
the study area, with flow somewhat more southwesterly in the vicinity of the former CCC/USDA
site during the later half of the recovery period. The time of the maximum gradient observed
during the cycle, 0.0024 ft/ft (Figure 4.7), corresponds to the time of maximum drawdown
(Figure 4.5), while the lowest gradient, 0.0004 ft/ft (Figure 4.9), occurred immediately before the
next cycle began. The maximum gradient is slightly less than one-half the gradient in the shallow
aquifer, while the minimum is more than one order of magnitude less than the upper-aquifer
gradient.

The direction of groundwater flow west of the line of section B-B’ (from MW 1D to
MW 3D, Figure 4.1) is not known. The systematic variations in water levels demonstrate that the
public water supply wells influence water levels throughout study area. This observation
suggests that groundwater to the west of section B-B' might not flow south-southwest; rather,
some portion of the flow might be directed south-southeast toward the public water supply wells.
The influence of the municipal wells on the water levels of the deep aquifer in the study area
precludes determining the natural flow direction in this aquifer at this time. Such a determination
will be possible after the public water supply wells are shut down following the city’s connection
to the rural water supply line.

4.4 Groundwater Geochemistry

The objectives of the groundwater geochemistry program were (1) to characterize the
geochemistry of the groundwater in the shallow and deep aquifers and (2) to seek geochemical
evidence of hydraulic interconnections between the two aquifers. Groundwater samples were
collected from both the shallow and deep aquifers by using the ECPT, the KDHE monitoring
wells, temporary well SB01, PSW 1, and ten domestic wells (Figure 4.1). The samples were
analyzed for their chemical and isotopic compositions. Detailed descriptions of the samples and
the analytical results are in Appendix F.

4.4.1 lonic Compositions

The relative concentrations of the major cations (calcium, magnesium, and sodium plus
potassium) and anions (chloride, sulfate, and bicarbonate or alkalinity) in the groundwater
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samples from the observation wells, domestic wells, and PSW 1 are shown in Figures 4.10 and
4.11. Corresponding analytical data are presented in Table 4.1.

Equivalent concentrations vary more widely for the shallow-aquifer samples than for the
deep-aquifer samples, although the variations might not be significant for all six constituents. Of
the major cations and anions, only the calcium concentrations are largely distinct. The calcium
concentrations in the shallow-aquifer samples ranged from 5.1 to 12.5 meg/L (103 to 251 mg/L),
while concentrations in the deep aquifer ranged from 4.6 to 6.8 meg/L (92 to 136 mg/L), with the
highest concentrations occurring at DWO01, DWO05, and MW 2D and the lowest at SBO1 and
MW 3D.

The nitrate analyses showed a distinct difference between the shallow and deep aquifers.
In Figure 4.12, the nitrate concentrations are plotted by elevation. Analytical data used to
construct this figure are tabulated in Appendix F (Table F.3). Nitrate concentrations were higher
in a number of the shallow-aquifer samples than in the deep aquifer, with the highest values
occurring at SB07, MW 1S, and MW 2S. The lowest nitrate concentrations in deep aquifer
occurred in wells SBO1 and MW 3D (0.5 and 2.6 mg/L, respectively). Concentrations in DWO01,
DWO05, and MW 2D were higher than in SBO1 and MW 3D, ranging from 9.1 to 13.5 mg/L.

The elevated concentrations of nitrate in the shallow aquifer might be contributing to the
elevated nitrate concentrations observed in the deep aquifer. Wells DW01 and DWO05 were
reportedly completed in the deep aquifer. If these wells are gravel packed along their complete
lengths, which is typical of older wells, then shallow-aquifer water with elevated nitrate
concentrations could flow downward into the deep aquifer at these locations. Groundwater flow
in the deep aquifer would then transport nitrates south-southwest from this area, producing the
elevated concentrations observed at MW 1D and PSW 1.

East of the former CCC/USDA site, the deep aquifer flows west-southwest, back 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 for cross-contamination of the
deep aquifer by shallow-aquifer water, producing the elevated nitrate concentrations detected at
MW 2D. The observed concentrations of calcium in the two aquifers are also consistent with this
flow pathway.
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FIGURE 4.10 Relative Concentrations of Metals (calcium, magnesium, and sodium plus potassium)
and Anions (chloride, sulfate, and bicarbonate or alkalinity) in Groundwater Samples from Shallow-
Aquifer Wells
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Deep Aquifer Wells
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TABLE 4.1 Concentrations of Major Cations and Anions in Well Water Samples from

Agenda
Concentration (meg/L)
Sodium plus
Location Calcium Magnesium Potassium Chloride Sulfate Bicarbonate
Shallow Aquifer
MW 1S 11.0 1.9 3.7 2.6 17 5.0
MW 2S 11.4 1.6 21 0.8 1.6 7.0
MW 3S 7.3 0.9 1.2 0.7 0.9 7.2
SB02 6.4 1.0 1.2 1.0 0.7 6.0
SBO7 10.9 15 2.6 0.7 4.1 3.8
SB08 20.0 2.6 9.3 1.0 21 4.5
SB09 22.1 13 14 1.2 0.8 7.0
SB10 48.0 1.3 15 1.0 11 6.0
DWO02 7.6 11 1.4 11 0.8 7.0
DWO03 5.1 12 15 0.6 1.2 5.2
DWO04 7.6 1.2 1.3 13 0.5 8.5
DWO06 8.3 1.2 1.7 0.8 0.8 7.0
DWO08 7.1 1.6 1.6 0.6 15 4.5
DWO09 12,5 1.9 31 3.0 34 7.0
DW10 7.7 0.9 1.0 0.7 0.8 5.0
Deep Aquifer
SB0O1 4.6 0.7 11 0.3 0.3 5.5
MW 1D 5.6 0.9 1.0 0.5 0.7 5.0
MW 2D 6.7 1.0 1.1 0.8 0.6 7.0
MW 3D 4.8 0.7 1.0 0.4 0.3 7.0
DWO01 6.7 1.0 1.3 1.0 0.9 7.0
DWO05 6.8 0.9 1.2 0.7 0.6 5.0
PWS 1 5.8 0.9 1.9 0.8 0.7 33

4-17
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4.4.2 Isotopic Compositions

The stable oxygen and hydrogen isotope compositions of the groundwater samples are
shown in Figure 4.13. The corresponding analytical data are listed in Appendix F, Table F.4. All
samples 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 positions
of the samples along the meteoric water trend indicate 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 samples from the deep aquifer, but the two groups
overlap somewhat. These differences probably reflect different recharge areas for the two
aquifers. The elevated nitrate concentrations and the locally unconfined character of the upper
aquifer indicate that this aquifer is recharged by downward percolation of local precipitation. In
contrast, the deep aquifer probably receives its recharge at some distance upgradient from
Agenda, in an area free from significant nitrate contamination.

The tritium concentrations of groundwater samples are shown in Figure 4.14 and listed in
Appendix F, Table F.4. 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 TU2 indicates groundwater that originated before 1953. The shallow-
aquifer compositions ranged from 6 + 3 TU (SB10) to 26 + 4 TU (DW10), while compositions in
the deep aquifer ranged from 0 £ 3 TU (MW 1D) to 16 £ 3 (MW 2D). These values imply that
the water in both aquifer contains at least some younger (i.e., since 1953) water. The
compositions of water samples from DWO01, DWO05, MW 2D, and PSW 1 are similar to
compositions of water samples from the shallow aquifer, but the samples from SB01, MW 3D,
and MW 1D are less tritiated. This pattern is generally similar to that exhibited by the nitrate
data, suggesting mixing of shallow- and deep-aquifer water in proximity to DWO01 and DWO05.
However, the precision of the analyses was insufficient to demonstrate mixing of the shallow-
and deep-aquifer waters in this area.

a1 TU = 1 atom of tritium per 1018 atoms of hydrogen (protium).
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Stable Isotope Compositions of Groundwater
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4.5 Summary

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
a poorly consolidated bedrock sandstone and an adjacent alluvial terrace sand and (2) a deeper,
confined aquifer hosted by bedrock sandstone. The two aquifers are separated by approximately
35 ft of generally unweathered bedrock shale and siltstone, which serves as the confining
horizon for the deeper aquifer. Within the limits of the observation well network, groundwater
flows generally southeast in the shallow aquifer and south-southwest in the deep aquifer. The
head differential between the two aquifers indicates that water will flow through the intervening
shale from the shallow to the deep aquifer in the presence of a conduit, such as an abandoned
well.

Water levels in the shallow aquifer were generally stable, but levels in the deep aquifer
exhibited a synchronized periodic drawdown. The largest drawdown occurred in MW 1D, the
observation well closest to the municipal wells. The pattern indicates that the drawdowns
resulted from pumping of the city’s wells and that pumping of these wells significantly
influenced water levels, as well as possibly the direction of groundwater flow in the deep aquifer
over some portion of the study area.

The shallow-aquifer samples exhibited larger ranges in equivalent concentrations of
major cations and anions than the deep-aquifer samples, although these variations might not be
significant for all constituents. Of the major cations and anions, only the calcium concentrations
are largely distinct. The results of the nitrate analyses show separation between the shallow and
deep aquifers. Elevated nitrate concentrations in the shallow aquifer might be contributing to the
elevated nitrate concentrations in the deep aquifer via downflow of shallow-aquifer water
through gravel packing in domestic wells located east of the former CCC/USDA site. The stable
isotopic compositions of the samples from the shallow aquifer are generally more positive,
relative to the deep aquifer, for both oxygen and hydrogen, but some overlap occurs between the
two groups. The tritium compositions of the water samples are generally consistent with a inflow
of shallow-aquifer water to the deep aquifer near DWO01 and DWO05. However, the precision of
the analyses was insufficient to demonstrate mixing of the shallow- and deep-aquifer waters in
this area.
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5 Contaminant Distribution

This section discusses information gathered on the distribution of carbon tetrachloride
and chloroform in vegetation, soils, and groundwater in the context of the geologic and
hydrogeologic framework described in Sections 3 and 4 of this report.

5.1 Vegetation and Soils

Experimental vegetation and soil sampling was conducted to test for carbon tetrachloride
and chloroform in potential source areas at the former CCC/USDA site. Laboratory work is still
in progress, and results cannot yet be interpreted or reported in detail. Preliminary results suggest
that any carbon tetrachloride or chloroform concentrations in near-surface (approximately 0.8 ft
BGL) soil are extremely low (<1 ppb [equivalent to pg/kg] in a water-saturated soil sample).
The same is true for the vegetation samples. Experience with vegetation sampling at other former
CCC/USDA sites (e.g., Argonne 1996b) indicates that results for carbon tetrachloride are a
reliable indicator of near-surface soil contamination. The preliminary results for vegetation
imply that no significant carbon tetrachloride contamination occurs in the near-surface soils at
the former CCC/USDA site in Agenda.

5.2 Groundwater Contamination

5.2.1 Contaminant Distribution

Information on the distribution of carbon tetrachloride and chloroform in the shallow and
deep aquifers was obtained by analyzing groundwater samples collected with the ECPT and by
sampling the six KDHE monitoring wells, temporary well SB01, PWS 1, and ten domestic wells.
Locations of and analytical results for these samples are illustrated in Figure 5.1.

Carbon tetrachloride was detected in only three groundwater samples, while chloroform
was detected in only one sample. All three samples containing carbon tetrachloride were from
the deep aquifer. Sample ANMWO02D-W-04878, at 6 pug/L, was collected from MW 2D in the
southeast corner of the former CCC/USDA facility. The remaining two carbon tetrachloride-
bearing samples were collected 800 ft south of the former CCC/USDA site, at MW 1D
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(ANMWO01D-W-04890, 65 ug/L) and at PWS1 (ANPWO01-W-04869, 6 pg/L). This latter
sample also contained chloroform at a concentration of 7 ug/L. Well PWS 2 could not be
sampled, because the well was out of service. The observed distribution of carbon tetrachloride
matches the findings of the Cl (PRC 1994).

5.2.2 Potential Migration Pathways

The occurrence of carbon tetrachloride at MW 2D requires identification of a source area
at or upgradient from this location and a migration pathway and mechanism for contamination of
the deep aquifer. At least three potential migration pathways could account the contamination at
MW 2D. These are (1) direct introduction of the carbon tetrachloride into the lower aquifer
through an abandoned deep-aquifer well; (2) direct downward migration of carbon tetrachloride
into the deep aquifer through the upper aquifer and the intervening shales; and (3) migration
initially in the upper 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 pathways, only the third can be reasonably supported by the existing
hydrogeologic framework and the known distribution of carbon tetrachloride in the deep aquifer.
Although direct introduction cannot be conclusively ruled out, no evidence supports the
existence of an abandoned well at or immediately upgradient from the former CCC/USDA site.
Direct downward migration would require movement of carbon tetrachloride through 35 ft of
highly competent shales and siltstones at the site.

The pattern of groundwater flow within the network of observation wells suggests that
the area upgradient from this location in the deep aquifer is generally 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. Thus, one possible migration pathway would involve migration across
East Railroad Street in the shallow aquifer to a domestic well (e.g., DW01 and DWO05), followed
by downflow via the well, with return flow to the CCC/USDA site in the deep aquifer. The
pattern of nitrate concentrations in the shallow and deep aquifers might be attributable to a
similar migration mechanism.

The present data set is insufficient to define the areal extent of the contamination in the
deep aquifer or to establish conclusively the route by which the carbon tetrachloride entered the
deep aquifer. These, however, were not the objectives of this phase of the investigation. The objective
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of Phase | was to establish the geologic and hydrogeologic framework necessary to investigate
contaminant distribution in a systematic way. Defining the areal and vertical extent of the
contamination in both aquifers, as well as identifying possible routes for cross-contamination
between the aquifers, are the two principal objectives of the second phase of the investigation.

5.3 Summary

Laboratory work on experimental vegetation and soil samples is still in progress, and
results cannot yet be interpreted or reported in detail. Carbon tetrachloride was detected in only
three groundwater samples, while chloroform was detected in only one sample. All three of these
samples were from the deep aquifer. The observed distribution of carbon tetrachloride matches
the findings of the CI (PRC 1994).

The present data set is insufficient to define the areal extent of the contamination in the
deep aquifer or to conclusively establish the route by which the carbon tetrachloride entered the
deep aquifer. These, however, were not the objectives of this phase of the investigation. Defining
the extent of the contamination in both aquifers and identifying possible routes for cross-
contamination between the aquifers are the principal objectives of the second phase of the
investigation.
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6 Phase | Conclusions and Phase Il Work Plan

This section summarizes the findings of the first phase of the ESC investigation at
Agenda, Kansas, and presents the technical plans for the investigations to be conducted during
the second phase of the ESC. The objectives of Phase | were (1) to obtain data on the geology,
hydrogeology, and groundwater geochemistry in the vicinity of the former CCC/USDA site;
(2) to evaluate and revise the conceptual geologic, hydrogeologic, and geochemical model of the
study area; and (3) to obtain a preliminary understanding of potential sources of and migration
pathways for the carbon tetrachloride contamination detected in Agenda’s public water supply
wells.

These objectives were achieved through the Phase | investigative program. In achieving
these objectives, Phase | work established the geologic, hydrogeologic, and geochemical
framework that will guide Phase Il of the ESC investigation. This second phase will focus on
delineating the contamination and refining, as necessary, the conceptual geologic,
hydrogeologic, and geochemical model as it relates to understanding and predicting contaminant
distribution.

6.1 Phase | Conclusions

The following are the principal findings of Phase | of the ESC investigation at Agenda:

» The shallow geologic section penetrated by the public water supply wells
consists of a Pleistocene age terrace overlying Cretaceous age Dakota
Formation bedrock. The terrace deposits consist primarily of clayey silt, with
some interbedded fine-grained quartz sands. The bedrock contains two
sandstones, separated by an intervening section of shale and siltstone. Both
sandstones are poorly consolidated.

» The shallow sandstone subcrops beneath Pleistocene age terrace deposits and
appears to have been partially eroded prior to deposition of the terrace. The
thin sands at the base of the terrace deposits appear to be pinched out against
the subcropping sandstone; the sands likely were derived by erosion of this
sandstone.
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» The shallow sandstone appears to have been deposited in the deltaic facies of
the Dakota Formation, in either an active distributary channel or a distributary
mouth bar, while the deep sandstone was deposited in the fluvial facies of the
Dakota as a series of point bars in a meandering river channel. The sinuous
and irregular distribution of sands deposited in these depositional
environments precludes reliable correlation of the individual sandstones over
all but very short distances. Nevertheless, the abundances 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.

» Two aquifers occur in the stratigraphic section penetrated by the public water
supply wells, observation wells, and test holes at Agenda: (1) a shallow,
unconfined to partially confined aquifer hosted by a poorly consolidated
bedrock sandstone and an adjacent alluvial terrace sand and (2) a deeper,
confined aquifer hosted by bedrock sandstone. The two aquifers are separated
by approximately 35 ft of generally unweathered bedrock shale and siltstone,
which serves as the confining horizon for the deeper aquifer.

e Within the limits of the observation well network, groundwater flows
generally southeast in the shallow aquifer and south-southwest in the deep
aquifer. The head differential between the two aquifers indicates that water
will flow from the shallow to the deep aquifer in the presence of a conduit,
such as an abandoned well, through the intervening shale.

» Water levels in the shallow aquifer are generally stable, but levels in the deep
aquifer exhibit a synchronized periodic drawdown. The largest drawdown
occurred in MW 1D, the observation well closest to the public water supply
wells. The pattern indicates that the drawdowns resulted from pumping of the
city’s wells and that pumping of these wells significantly influences water
levels and potentially the groundwater flow direction in deep aquifer within
the study area.

» The shallow-aquifer samples exhibited greater ranges in equivalent
concentrations of major cations and anions than the deep-aquifer samples. Of
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these constituents, only the calcium concentrations were generally
quantitatively distinct.

» The results of the nitrate analyses showed a separation between the shallow
and deep aquifers. Elevated nitrate concentrations in the shallow aquifer
might be contributing to the elevated nitrate concentrations in the deep
aquifer, via downflow of shallow-aquifer water through gravel packing in
domestic wells located east of the former CCC/USDA site.

» The stable isotopic compositions of the samples from the shallow aquifer were
generally more positive, relative to the deep aquifer, for both oxygen and
hydrogen, with some overlap between the two groups. The general pattern of
tritium compositions is similar to that of the nitrate data, suggesting mixing of
shallow- and deep-aquifer water near DWO01 and DWO5. However, the
precision of the tritium analyses was insufficient to demonstrate mixing of the
shallow- and deep-aquifer waters in this area.

» The consistent spatial patterns in the geochemical data for calcium, nitrate,
and tritium imply that upper-aquifer water is flowing downward into the deep
aquifer near the deep-aquifer domestic wells located east of the former
CCC/USDA site.

» Laboratory work on experimental vegetation and soil samples is still in
progress, and results cannot yet be interpreted or reported in detail. The
preliminary results for vegetation imply that no significant carbon
tetrachloride contamination occurs in the near-surface soils at the former
CCC/USDA site.

» Carbon tetrachloride was detected in only three groundwater samples, while
chloroform was detected in only one sample. All three of these samples were
from the deep aquifer. The observed distribution of carbon tetrachloride
matches the findings of the CI (PRC 1994). The present data set is insufficient
to define the extent of the groundwater contamination in the aquifers or to
establish the routes by which the carbon tetrachloride entered the deep
aquifer.
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6.2 Technical Work Plan for Phase I

The conceptual geologic and hydrogeologic model of the study area established by the
Phase I investigative program will serve as the framework for Phase Il of the ESC investigation.
The Phase Il work will focus on (1) systematic delineation of the distribution of the carbon
tetrachloride contamination in the aquifers and (2) refinement of the conceptual geologic and
hydrogeologic model as it relates to understanding and predicting contaminant distribution. The
locations of the Phase Il activities are shown in Figure 6.1. The activities will be the following:

» A piezometer and a temporary observation well will be installed on the west
side of Agenda to determine the directions of groundwater flow in the shallow
and deep aquifers in this area and to test the area for carbon tetrachloride
contamination. A second deep-aquifer temporary well will be installed south-
southwest of MW 1D to investigate the areal extent of the carbon tetrachloride
plume and to verify the stratigraphy and hydrostratigraphy in this area.
Tentative locations for these test holes and observation wells are shown in
Figure 6.1. Final locations will be chosen on the basis of site access and the
results of the ongoing water level monitoring program.

e Groundwater samples will be collected from the shallow aquifer by using the
ECPT at two locations east of the former CCC/USDA site. The shallow-
aquifer nitrate data suggest that cross-contamination between the shallow and
deep aquifers might be occurring immediately east of the former CCC/USDA
site at DW01 and DWO05. This contaminant transport pathway is also
generally consistent with the observed distribution of carbon tetrachloride
downgradient from this area in the deep aquifer. These additional samples will
be used to test for carbon tetrachloride and nitrates along this potential
contaminant migration pathway.

» The groundwater samples analyzed for tritium in Phase | will be reanalyzed
by using a technique with greater precision to reduce the analytical
uncertainties and to seek confirming evidence of downward flow of shallow-
aquifer water into the deep aquifer in proximity to DW01 and DWO05. After
evaluation of the analytical data, additional sampling might be performed on
selected wells to obtain groundwater ages by using the tritium-helium method.
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Appendix A:

Lithologic, Geophysical, and Electronic Cone Penetrometer Logs
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SB 01 Argonne National Laboratory
Agenda CCC/USDA Site Environmental Research Division

Sec. 16 ACAB T4S R1W, Republic County, Kansas
Depth: 134.9 ft

Ground Surface Elevation: 1411.76 ft Log Date:  April 16 - 18, 1996

Logged by: S. Cook Drilled by: M. Stone
Company: Argonne National Lab Drill Company: Layne-Western
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SBO1 Argonne National Laboratory
Agenda CCC/USDA Site Investigation Environmental Research Division

Sec. 16 ACAB, T4S R1W, Republic County, Kansas
Depth: 136.61t.

Ground Surface Elevation: 1412.1 f. Log Date:  April 24,1996
Lithology by: S. Cook Logged by: W. Saunders
Company:  Argonne National Laboratory Logging Company: Argonne National Laboratory
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KDHE MW-1D
Agenda CCC/USDA Site Investigation
Sec. 16 ACCA, T.4 S., R.1 W, Republic County, Kansas

Ground Surface Elevation: 1411.1 ft
Lithology by: T. Wiberg
Company: PRC Environmental Management, Inc.

Argonne National Laboratory
Environmental Research Division

Depth: 1431t

Log Date:  April 24, 1996

Logged by: W. Saunders

Logging Company: Argonne National Laboratory

Depth Elevation .
(f BGL) Lithology (ftéMSL) 0 Conductivity 150 o Natural Gamma 200 Resistivity . 150
[ =2 -
i gt Clayey Silt T — Ty s
== . ol g\}'
e 5= g | 3 s [
£ = B A
i ] — “all N
== - ‘
== : a
I g | L { ~.
an o ——
{ H E
1y f
g |1l
il i
. 2 ——
o \7 3 o
~ —
. j
] s
S & 8 ~ Ean a
(B . & s
ok Silty Sand o ) e
. Shal ]
) at ) oy can D
o B 2 §> 5
- - g )
1 T i
e 2 ) s
~ S r\ E
o o J %
* ] 3 8 7 = \
== e = gy A
I=5  Sandstone i ;
o g o
. - : %
g 3 = | \
: 2 - ; |
e ] g I
- o — ™~
] e é f
; - Z
] o S
8 - g | ]
: & :
] 1% =
g - g k
o




Agenda ESC Phase I Report and Phase Il Work Plan

Version 00, 07/12/96 A-6
KDHE MW-2D Argonne National Laboratory
Agenda CCC/USDA Site Investigation Environmental Research Division

Sec. 16 ACBA, T. 4 S,, R. 1 W, Republic County, Kansas
Depth: 1451t

Ground Surface Elevation: 141253 ft Log Date: April 24, 1996
Lithology by: T. Wiberg Logged by: W. Saunders
Company: PRC Environmental Management, Inc. Logging Company: Argonne National Laboratory
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KDHE MW-3D
Agenda CCC/USDA Site Investigation
Sec. 16 ABCB, T. 4 S, R. 1 W, Republic County, Kansas

Ground Surface Elevation: 1396.78 ft
Lithology by: T. Wiberg
Company: PRC Environmental Management,inc.
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Argonne National Laboratory
Environmental Research Division
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Logging Company: Argonne National Laboratory
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Version 00, 07/12/96 A-8
SB-02 Argonne National Laboratory
AGENDA CCC/USDA Site Investigation Environmental Research Division
Sec. 16 ACAB, T.4S., R.1W, Republic County, Kansas
Ground Surface Elevation: 1412.1 ft. ECPT Date: 4/22/96
Depth: 7347 ft. ECPT by: ARA/Argonne
Interpreted by:  S. Cook ECPT Operator: T. Bauder/C.Rose
Depth Interpreted Elevation .. "

(ft BGL) Lithology (ft AMSL) ¢ Conductivity 200 0 Tip Stress 3000 0 Sleeve Stress 100
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Version 00, 07/12/96 A9
SB-03a Argonne National Laboratory
AGENDA CCC/USDA Site Investigation Environmental Research Division
Sec. 16 ACCA, T4 S., R.1W, Republic County, Kansas
Ground Surface Elevation: 14121 ft. . ECPT Date: 4/22/96
Depth:  14.91 fi. ECPTby: ARA/Argonne
Interpreted by:  S. Cook ECPT Operator: T. Bauder/C.Rose
Depth Interpreted Elevation . "

(ft BGL) Lithology {ft AMSL) ¢ Conductivity 200 Tip Stress 3000 0 Sleeve Stress 100
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Version 00, 07/12/96 A-10
SB-03b ' Argonne National Laboratory
AGENDA CCC/USDA Site Investigation Environmental Research Division
Sec. 16 ACCA, T.4S,, R.1W, Republic County, Kansas
Ground Surface Elevation: 1413.7 ft ECPT Date: 4/22/96
Depth: 16.14 ft. ECPTby: ARA/Argonne
Interpreted by:  S. Cook ECPT Operator: T. Bauder/C. Rose
Depth Interpreted Elevation . .

(ft BGL) Lithology (ft AMSL) ¢ Conductivity 200 0 Tip Stress 3000 0 Sleeve Stress 100
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Version 00, 07/12/96 A-11
fGBE'NODi CCC/USDA Site | Argonne National Laboratory
ite Investigation . s )
vironmental Research Division
Sec. 16 ACBD, T.4S., R.1W, Republic County, Kansas En
Ground Surface Elevation:  1413.3 t. ECPT Date: 4/22/965
Depth:  30.95 ft. ECPTby: ARA/Argonne
Interpreted by:  S. Cook ECPT Operator: T. Bauder/C. Rose
Depth Interpreted Elevation - .
- (ft BGL) Lithology (ft AMSL) ¢ Conductivity 200 . Tip Stress 3000 0 Sleeve Stress 100
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Version 00, 07/12/96 A-12
SB-05 Argonne National Laboratory
AGENDA CCC/USDA Site Investigation Environmental Research Division
Sec. 16 ACBA, T.4 S., R.1W, Republic County, Kansas
Ground Surface Elevation:  1412.1 ft. ECPT Date: 4/22/96
Depth: 56.69 ft. ECPT by: ARA/Argonne
Interpreted by:  S. Cook ECPT Operator: T. Bauder/C. Rose
Depth Interpreted Elevation L .

(it BGL) Lithology (ftAMSL) ¢ Conductivity 200 0 Tip Stress 3000 0 Sleeve Stress 100
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Version 00, 07/12/96 A-13
SB-06 Argonne National Laboratory
AGENDA CCC/USDA Site Investigation Environmental Research Division
Sec. 16 ACBA, T.4 S., R.1W, Republic County, Kansas
Ground Surface Elevation:  1412.7 ft. ECPT Date: 4/23/96
Depth: 65.23 fi. ECPTby: ARA/Argonne
Interpreted by:  S. Cook ECPT Operator: T. Bauder/C. Rose
Depth Interpreted Elevation . "

(ft BGL) Lithology (ftAMSL) g Conductivity 200 0 Tip Stress 3000 0 Sleeve Stress 100
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Version 00, 07/12/96 A-14
SB07 _ L Argonne National Laboratory
AGENDA CCC/USDA Site Investigation Environmental Research Division
Sec. 16 ACBD, T.4 S., R.1W, Republic County, Kansas
Ground Surface Elevation: 1412.1 ft ECPT Date: 4/24/96
Depth: 49.99 . ECPTby: ARA, Inc.

Interpreted by:  S. Cook ECPT Operator: T. Bauder/C.Rose
Depth Interpreted Elevation - .
(ft BGL) Lithology (ftAMSL) o Conductivity 200 0 Tip Stress 3000 0 ° Sleeve Stress 100
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Version 00, 07/12/96 A-I5
SB-08 _ o Argonne National Laboratory
AGENDA CCC/USDA Site Investigation Environmental Research Division
Sec. 16 ABCD, T.4 S., R.1W, Republic County, Kansas
Ground Surface Elevation: 1410.3 ft. ECPT Date: 4/25/96
Depth: 58.69 ft. ECPT by: ARA/Argonne
Interpreted by:  S. Cook ECPT Operator: T. Bauder/C. Rose
Depth Interpreted Elevation - R

(ft BGL) Lithology (ft AMoSL) o Conductivity 200 0 Tip Stress 3000 0 Sleeve Stress . 100
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Version 00, 07/12/96 A-16
SB-09 Argonne National Laboratory
AGENDA CCC/USDA Site Investigation Environmental Research Division
Sec. 16 ABCD, T.4 S., R.1W, Republic County, Kansas
Ground Surface Elevation: 1412.2ft. ECPT Date: 4/25/96
Depth:  58.06 ft. ECPT by: ARA/Argonne
Interpreted by: S. Cook ECPT Operator: T. Bauder/C. Rose
Depth Interpreted Elevation . "

{ft BGL) Lithology (ftAMSL) ¢ Conductivity 200 0 Tip Stress 3000 0 Sleeve Stress 100
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Version 00, 07/12/96 A-17
SB10 Argonne National Laboratory
AGENDA CCC/USDA Site Investigation Environmental Research Division
Sec. 16 ABCD, T.4 S, R.1W, Republic County, Kansas
Ground Surface Elevation: 14121 ft ECPT Date:  4/25/96
Depth: 60.37 ft. ECPT by: ARA, Inc.

Interpreted by:  S. Cook ECPT Operator: T. Bauder/C. Rose
Depth Interpreted Elevation - .
(ft BGL) Lithology (ft AMSL) g Conductivity 200 0 Tip Stress 3000 0 Sleeve Stress 100
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Argonne National Laboratory
AGENDA CCC/USDA Site Investigation

Sec. 16 ACAB T.4 S, R.1 W, Republic County, Kansas

CPTID: SB-02
Log Type: ECPT Data Only

A-18

Date:  4/20/96 Elevation: 14121 73.47 ft Operator:  T. Bauder/C. Rose
Plot Date: 5/23/96 CPT Company: ARA,Inc
Depth
istivi i Sleeve Stress
(geet) 0 Resistivity 200 0 Pore Pressure 0 Tip Stress 3000 0
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Argonne National Laboratory
AGENDA CCC/USDA Site Investigation

Sec. 16 ACCA, T4S R1W, Republic County, Kansas

CPTID: SB-03a
Log Type: ECPT Data Only

A-19

Date:  4/22/96 Elevation: 1413.5 Depth: 14.91 ft. Operator:  T.Bauder/C. Rose
Plot Date: 5/23/96 Rig: CPT Company: ARA, Inc.
Depth
feet Resistivi Pore Pressure i Sleeve Stress
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Argonne National Laboratory CPTID: SB-03b
AGENDA CCC/USDA Site Investigation Log Type: ECPT Data Only

Sec. 16 ACCA, T4S R1W, Republic County, Kansas

Date:  4/22/96 Elevation: 1413.7 Depth: 16.14 ft. Operator:  T. Bauder/C. Rose
Plot Date: ~ 5/23/96 Rig: CPT Company: ARA, Inc.
Depth
feet Resistivi Pore Pressure i Sleeve Stress
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Argonne National Laboratory
AGENDA CCC/USDA Site Investigation

Sec. 16 ACBD, T4S R1W, Republic County, Kansas

CPTID: SB-04
Log Type: ECPT Data Only

Date:  4/22/96 Elevation:  1413.3 Depth: 30.95 ft. Operator:  T. Bauder/C. Rose
Plot Date: 5/23/96 Rig: CPT Company: ARA, Inc.
Depth
istivi e Pressure i Sleeve Stress

((f)eet) 0 Resistivity 200 - 0 Por u 000 0 Tip Stress 3000 0 . 100
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Version 00, 07/12/96 A-22
Argonne National Laboratory CPTID: SB-05
AGENDA CCC/USDA Site Investigation Log Type: ECPT Data Only
Sec. 16 ACBA, T4S R1W, Republic County, Kansas
Date:  4/22/96 Elevation: 1412.1 Depth: 56.69 ft. Operator:  T. Bauder/C. Rose
Plot Date:  5/23/96 Rig: CPT Company: ARA, Inc.
Depth
geet)_ 0 Resistivity 500 0 Pore Pressure o Tip Stress 3000 0 Sleeve Stress 100
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Argonne National Laboratory CPTID: SB-06
AGENDA CCC/USDA Site Investigation Log Type: ECPT Data Only

Sec. 16 ACBA, T4S R1W, Republic County, Kansas

Date:  4/23/96 Elevation: 14127 Depth: 65.23 ft. Operator:  T.Bauder/C. Rose
Plot Date: 5/23/96 Rig: CPT Company: ARA, Inc.
Depth
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Version 00, 07/12/96 A-24
Argonne National Laboratory CPTID: SB-07
AGENDA CCC/USDA Site Investigation Log Type: ECPT Data Only
Sec. 16 ACBD, T4S R1W, Republic County, Kansas
Date:  4/24/95 Elevation: 14121 Depth: 49.99 ft. Operator:  T. Bauder/C. Rose
Plot Date:  5/23/96 Rig: - CPT Company: ARA, Inc.
Depth
geet)_ o Resistivity 200 0 Pore Pressure 200 0 Tip Stress . Sleeve Stress 100
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Version 00, 07/12/96 A-25
Argonne National Laboratory CPTID: SB-08
AGENDA CCC/USDA Site Investigation ‘ Log Type: ECPT Data Only
Sec. 16 ABCD, T4S R1W, Republic County, Kansas
Date:  4/25/96 Elevation: 1410.3 Depth: 58.69 ft.  Operator: T.Bauder/C. Rose
Plot Date: 5/24/96 Rig: CPT Company: ARA, Inc.
Depth .
geet) o Resistivity 200 0 Pore Pressure 0 Tip Stress 3000 o Sleeve Stress 100
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Version 00, 07/12/96 A-26
Argonne National Laboratory — CPTID: SB-09
AGENDA CCC/USDA Site Investigation Log Type: ECPT Data Only
Sec. 16 ABCD, T4S R1W, Republic County, Kansas
Date:  4/25/96 Elevation: 1412.2 Depth: 58.06 fi. Operator:  T. Bauder/C. Rose
Plot Date: 5/24/96 Rig: CPT Company: ARA, Inc.
Depth
P i I t
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i
10 _| § - < }
=3
&l | : f
i e G
a0 _| i T ¥ g
] 4 . T
< ES - &
50 _| % 3
=
|7 == | | © C



Agenda ESC Phase I Report and Phase Il Work Plan
Version 00, 07/12/96 A-27

Argonne National Laboratory CPTID: SB-10
AGENDA CCC/USDA Site Investigation Log Type: ECPT Data Only

Sec. 16 ABCD T.4 S, R.1 W, Republic County, Kansas

Date:  4/25/96 Elevation: 14121 Depth: 60.37 ft. Operator:  T.Bauder/C. Rose
Piot Date:  5/24/96 . Rig: CPT Company: ARA, Inc.
Depth
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Appendix B:

Well Construction Data
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SB 01 . o Argonne National Laboratory
Agenda CCC/USDA Site Investigation Environmental Research Division
Sec. 16 ACAB, T4S R1W, Republic County, Kansas

Installed by: M. Stone Date: April 19, 1996
Top of Casing Elevation: 1411.76 it Company: Layne-Western
Ground Surface Elevation: 14121 i Developed by: M. Stone Date: April 20, 1996

Supervisedby: - S. Cook Company: Layne-Western

Depth Elevation
ft BGL Casing Materials Annular Materials ft AMSL
= - o
steel flush mount set in 3 x 3 ft cement pad 12 in. diameter borehole from 0 to 70 ft BGL B
1|8 in. schedule 40 flushjoint PVC conductor
o _| jcasing from 0 to 70 ft BGL .
- Portland cement with 5% bentonite from 0 to S
i 70 ft BGL -
& 2
el
] B
facd
¥ 2
acd
C 8
acd
2 2
bt
o _| o
™ ] 14 in. schedule 40 flushjoint PVC casing from 7.5 in. diameter borehole from 70to 134.3ft | -§
] 0to 118.9 ft BGL BGL -
o _| . o
had Portland cement with 5% bentonite fromOto | -
J 107 ft BGL -
-
> -2
facd
o
o o
K
o
by Bentonite chips from 107 to 114 ft BGL =
Laed
o Coarse-graded silica sand filter pack from 114
&1 |4 in. schedule 40 flushjoint PVC 0.010 slotted to 134.9 ft BGL R
| |screen from 118.9 to 128.9 ft BGL o
2 | 4 in. schedule 40 flushjoint PVC casing sump
=7 |from 128.9t0 134.9 ft BGL -2
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. B-3
Version 01, 08/25/00
VO LL UV AU.LL  FAA 40D B304 DoLlr AS Geol Surver ool
WATER WELL RECORD Lorm WAWC-5 KSA 82a-12%2 :
1 LOCAT OF WATER WELL. Fra Se umber | Townshig Numbor [ Rangey Number
Counny: PUFAL ¢, l }3@ W w NE ?C, 1 4 a1 ef)
Drstance and direction from naarest town or city strea! address of well it locptad wilhin Gity? ~

2] WaATER WELL owneR: ERV E&Secu-clu Div. I‘i‘rvg-»uu_ NaFET t=h

-

AR#_ 51 Address, Box » 100 S CA$$ Ave. Boary of Agricuiture, Division of Water Resources
{ City, Siats. 21P Code rdepat , LU L0302 (_%0 1«\ Apolication Number. i
o] LOCATE’NWS%IE% C%OCA""ON Wﬂ"i__] DEPTH OF COMPLETED WELL. l 3—4‘ ...... . ELEVATION: ....... C e -
Depin(s) Groundwalar Encountered ). ... .. ... .. RS A A LA H
i ; 1 WELL'S STATIC WATER LEVEL 46 #. below 1and surtace moeasurnd on molgaylyr
] e N - _x. h:E . Pump lest dala: Well water was . ....... -t aher hours pumgng wom
i ) ) Est Yiews .. ..., Wer walsr was ... .., . h. afst | hours pumnmg e .. Gpm
2 w 1 ] Bore Hote Diameter . ..f“?/ .in to ?SO - l 34‘ - h,and. .. ’ Z_ ) 7D &
¥ ! ) WELL WATER TO BE USED AS: 5 Public water supply 8 Air oonamr:mtnc 1" 'njecnon well
n . S\‘N N S‘{ . 1 Domastic 3 Faediot 6 Oii figkd waier supply Cbb:wstsn‘ng 12 Ohar (Spwclfy balgw}
) ) 2 irfigation 4 Indusuia) 7 Lawn and garden only L 10 Monitoring weti .. ... AR
1 { ] Was a chemicalbacieriological sarmple submiftad o Oepanment® Yes.. ........No. I W yes. mo/daylyr u?'- waS Suby
S mineg Watar Weli Disintectsd? Yes No _
__j TYPE OF BLANK CASING USED S Wrought iron 8 Concrete ute CASING JOINTS. Glued . . Ciampad
! Steet 3 AMP (SA) 6 Asbestas-Cement 9 Other (specity balow) Welded .
PVC 44?5 Fiberglass . L Threaded X
Blank casing diameter ... T loiz'— h.. Dia 4' ....... n. m.“q (tht Dia . g n v 0 YD . h
Casing height above land surare . O weight . lg.ch, Walt v.hacknas or gauge No. ~ 4'0 H
TYPE OF SCREEN OR PERFORATION MATERIAL: @VC 10 Asbostos-cement
' Steer 3 Stainlass siae) S Fiberglass 8 AMP (SR) 11 Other {specify) . . . .
2 Braas 4 Galvanized sleel 6 Concrete fle 2 ABS 12 None used (open hole)
SCAEEN OR PEAFORATION OPENINGS ARE: S Gauzed wrapped 68 Saw cul 11 None (open hole|
1 Continuous siot Ca)wu siot & Wire wrapped 9 Orilied holes
2 Louverad shuhear 4 Koy punched 7 Torch cut 10 nher {specify) e
SCREEN-PERFORATED INTERVALS: From. R, . .. !2<7 fl.. Fram , 1. jo. . h
From. . .. AL ", From . . fto. LB
i GRAVEL PACK INTERVALS: From. , .. oo, 154’ ....... fr.From. ... ..... w0 0 L f
I From h to h. From ) k.
'5] GROUT MATERIAL: (%Nem cement 2 Cement grout (3)Boranite 4 Ower ... ... o )
Grout intervals.  From. . ” o .. .. R, From.. “0_ ..... ft 1o 1 ,4‘ fi.. From LT ...k
What 13 the nearest source of possible contamination: 10 Lvestock peng 14 Abandoned water wel
1 Seplic tank 4 Latarai finas 7 Pit privy 11 Fuel starage 15 Ot well:Gas wall
2 Sewer iines 5 Cess pool 8 Sewage lagoon 12 Fenilizer storage 16 Omer (specty betow}
J Witertight sewer lings Seepage pit 9 Feedyard 13 Insacticide storage i
Dvection tren wait? Uas How many feet? |
FROM TQ . LITHOLOGIC LOG FROM 0 PLUGGING INTERVALS
2 10 Db, N (L
D126 | Lt ben < Uewu s oo
",L(p._._&b L&t bra Sa.uu,’wg sl C,[d.ub,
{o A resn, UJ‘{‘(.U:A . Sﬂh} |
D, } Ked Shale - -
O 19D Ut hud Sond€ ) -
gq _%‘2 (?ng: 2o t\ws{-m_ - )
i A | Her Skl e | e . .. “1
————
__7_] CONTRACTOR'S OR LANDOW*H S ﬁﬂTl%ﬂON This water weli wa;@cu-uhuctea {2} reconstrucled, &« (3) plugged under My jurisdiction and was
compigled on (mo'dey/year) e ©+ and this recned is irue o thy bast 1 ™y _gwimgq ng belie! Kansas
Water Wall Conbractor's Licanse No. 55 i . 'I'h:a Water Well Record was compisted on (mncf
Lnder the businass name of 2 LAAD ‘ 9‘\/\;__ by (signature) ' IM
INSTRUCTIONS Uts typewiter o bal st pan 42&5&' Pnz.»s F}wu 870 PRINT cuany Plesas Gl wn binans ndnion nr ducle e cor Sor INZwars 5o lac s coaies 1o KArSAL Dopargnent
©F rieain A% Enuwermert, Buiedu St Waier ToDAWS. KBS 658200001 Telrphore: FLZURAS Sanc v v WATER WELL OWNER aad reitin cis for yow records.
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Tuesday, August 15, 2000 KGS--Water Wells Query Answer--Specific Water Well Detal)

Kansas Hydrology

Geological Specific Water Well Detail

Survey

Well T4S, R1W, Sec. 16, NWSWNE, Action: Constructed A @

{Location Info ! 5@() 1
County: Republic - ”Location: T4S, R1W, Sec. 16, NWSWNE
Owner: ENV RESEARCH DI |[Status: Constructed
['I')irections: )
[General Info ]
‘Well Depth: 134 ft. Elevation: 0 ft.

Static Water Level: 46 ft. Well Use: Monitoring Well/Observation/Piezometer
[Depths Groundwater Enountered: 0 ft., O ft., and 0 ft.
[Pump Test Data: water was 0 ft. after 0 hours pumping 0 gpm

[Est. Yield: 0 ft. ~ |[Chem Analysis Done: N
[Driller Info ]
[Driller: Brian J. Meier, Layne Westen J[License #: 581 ]
|Comp. Date: 19-Apr-1996 |IDWR Applic. #: ]

asing Info
Casing Infi

Casing Type: PVC
Diam: 4 in. to 129 ft.

Diam: 4in. to 1[0 ft. ]
[Diam: 8'in 1o 70 . |
[Screen and Perforation Info i
[Screen Type: TORCH CUT ||Screen Openings: MILL SLOT ]
From: 119 ft. to 129 ft. {[From: 0 ft. 10 O ft. ]
From: O ft. to O ft. |[From: 0Ft. to O fr. ]
[Grout Info i
Grout used: NEAT CEMENT and BENTONITE I
‘From: 0 to 110 ft. i
From: 110 to 114 ft. ]
From: 0 to 0 ft. ]
{Contamination Info
|Contamination type: OTHER
{Direction: |[Distance: 0 ]
fLithologic Log }
[From: 0t to 10 t. |[Type: CLAY
[From: 10 fi. to 26 ft. J|Type: SILT
[From: 26 fi. to 66 ft. |[Type: SILTY CLAY
[From: 66 ft. to 129 ft. Type: SANDSTONE
{From: 129 ft. to 134 ft. Type: SHALE ]

Kansas Geological Survey

Comments to webadmin@kgs.ukans.edu
URL=http://magellan.kgs.ukans.edw/WaterWell/index.htmi
Display Programs Updated March 2000

Data added continuously.

hitp:// kgs.ukans.

yss/public/wwcs, .well_detaila?well_id=106697
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Appendix C:
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Appendix E:

Vegetation and Surface Soil Sample Data
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Appendix F:

Groundwater Sample Data
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TABLE F.2 Organic Analytical Results for Groundwater Samples Collected
during the Phase | Field Investigation at Agenda, Kansas

Carbon

Depth Tetrachloride  Chloroform
Location Sample (ft) (png/L) (ng/L)
Domestic Wells
DWO01 ANDWO1-W-04850 -a <5 <5
DW02 ANDWO02-W-04851 - <5 <5
DWO03 ANDWO03-W-04852 - <5 <5
DW04 ANDWO04-W-04855 - <5 <5
DWO05 ANDWO05-W-04862 - <5 <5
DWO06 ANDWO06-W-04863 - <5 <5
DW07 ANDWO07-W-04864 - <5 <5
DWO08 ANDWO08-W-04866 - <5 <5
DWO09 ANDWO09-W-04868 - <5 <5
DW10 ANDW10-W-04876 - <5 <5
Public Well
PWS 1 ANPWO01-W-04869 - 6 7
KDHE Monitoring Wells
MW 1S ANMWO01S-W-04891 44-54 <5 <5
MW 1D ANMWO1D-W-04890 130-140 65 <5
MW 28 ANMWO02S-W-04877 49-59 <5 <5
MW 2D ANMWO02D-W-04878 129-139 6 <5
MW 3S ANMWO03S-W-04901 38-48 <5 <5
MW 3D ANMWO03D-W-04902 104-114 <5 <5
Temporary Well
SBO1 ANSBO01-W-04879 118.9-128.9 <5 <5
Cone Penetrometer Locations
SB02 ANSB02-W-04880 64-70 <5 <5
SB07 ANSB07-W-04881 46-49 <5 <5
SB08 ANSBO08-W-04882 48.5-57.5 <5 <5
SBO09 ANSB09-W-04883 52-58 <5 <5
SB10 ABSB10-W-04885 53-56 <5 <5

2 Depth unknown.
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TABLE F.4 Analytical Results for Isotopes for Groundwater Samples Collected during the
Phase | Field Investigation at Agenda, Kansas

" Deuterium Oxygen

Depth 8D 3180 Tritium + Error
Location Sample (ft) (per mil) (per mil) (TU)
Domestic Wells
DWO01 ANDWO01-W-04850 -a -52 -8.3 1+3
DWO02 ANDWO02-W-04851 - -48 -7.9 2+3
Dwo03 ANDWO03-W-04852 - -47 -7.9 82
Dwo4 ANDWO04-W-04855 - -52 -8.3 11 £ 3
DWO05 ANDWO05-W-04862 - -50 -8.1 9+3
DWO06 ANDWO06-W-04863 - -46 -7.8 2+3
DW08 ANDWO08-W-04866 - -42 -7.3 14+ 3
DWO09 ANDWO09-W-04868 - -48 -7.6 10+ 3
DW10 ANDW10-W-04876 - -43.5 -7.7 +4
Public Well
PWS 1 ANPWO01-W-04869 - -50 -8.2 2+2
KDHE Monitoring Wells
MW 1S ANMWO01S-W-04891 44-54 -42 -7.7 14 + 3
MW 1D ANMWO01D-W-04890 130-140 -49 -7.7 03
MW 28 ANMWO02S-W-04877 49-59 -43 -7.3 12 £ 3
MW 2D ANMWO02D-W-04878 129-139 -48 -7.9 6+3
MW 38 ANMWO03S-W-04901 38-48 -52 -8.0 9+3
MW 3D ANMWO03D-W-04902 104-114 -48 -8.1 5+2
Temporary Well
SBO01 ANSBO01-W-04879 118.9-128.9 -52 -8.4 2+2
Cone Penetrometer Locations
SB02 ANSB02-W-04880 64-70 -49 -8.1 7+3
SB07 ANSB07-W-04881 46-49 -43 -7.4 16 + 3
SB08 ANSBO08-W-04882 48.5-57.5 -49 -7.75 9+2
SB09 ANSBO09-W-04883 52-58 -52 -8.0 83
SB10 ABSB10-W-04885 53-56 -50 -7.8 6+2

@ Depth unknown.
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Appendix G:

Quality Control and Waste Characterization
Sample Data



G-2

eport and Phase Il Work Plan

'sisAjeue ojuebioul pue sjelow Aiojesoge| eyeoldna  96/€2/¢  0°0¥1L-0°0EL 3406870-M-ALOMININY ar MmN

‘ak M llem Bunoyuow JHaX woy sidwes  96/£2/v  0°01-0°0El 06870-M-d LOMINNY ar MmN
'sisfjeue oluebiou) pue selow Aiojeloqe| sjeoydng 96/ L/ - 34258Y0-M-EOMANY €0Ma
"S0MQ liom oisawop wolyy ajdwes  96/LL/v - 25870-M-E0MANY €0Ma

sishjeuy ojuebiou; sreoydng 40) A1ojeioqeT J1oBAUOD AQ pajoajes saydwes Jsjempunoly

‘6.870-M-L0GSNY oldwes jo sjeoldey  96/¥2/% 6°8ZL-6'8L1 00670-M-LOEGSNY Logs
] "duoispues pejeinies-lalem Jodaap ul peleoo| usalds IO 96/v2/¥  6°82L-6'8LL 62870-M-L0GSNY Logs
"GG810-M-FOMANY dldwes Jo sjeoydey  96/81/v - 95870-M-FOMANY YoMQ
“ueld YoM :
8y} ut Bulidwes Joj pareubisap |lem UagaH 8y} jo pesisul ||om punoibyoeq e se pajdwes |OM  96/8L/¥ - S5870-M-YOMANY YOMA

sasAjeuy ojuebiou) pue ojuebiQ Joj ssjdwes seoljday plai- JS1EMPUNOID

Crivl OO0 89S "96/L1/S U0 qeT oelenby o} se|dwes Jjo uawdiys uj papnjoul yuelq dul  96/Z1L/S - L6870-M-MNVIGNY 20
2501 00D 89S '96/ve/y U0 geT 9senby o} sejdwes jo juswdiys ul pepnjour yuelq dul  96/v2/b - ¥06+0-M-909LNY 20

'9ey D0 2935 "96/p2/y U0 qe] d9tenby o} sejdwes jo juswdiys ul papnjpoul uelq dul  96/v2/P - €0670-M-S09LNY 00

‘YEY PUB EY D0D 89S '96/2¢/y U0 geq dsjenby o} seidwes jo swdiys ul pepnoul suelg dul  96/22/% - S/8%0-M-709LNY 20
2y O0D 895 '96/02/y U0 qeT 99jenby o} se|dwes jo uswdiys uj pepnjou yuelq dul  96/02/v - £98¥0-M-S09LNY 20

L&y D00 98 "96/61/ U0 qeT dajenby o} sajdwes jo uswdiys ui pepnjoul suelq dul  96/6 1L/ - S98¥0-M-209LNY o0

827 0D 89S "96/81/7 U0 qeT 99jenby o} sejdwes jo juswdiys uj pepnjoul yuelq dul 96/ L/b - #S8¥0-M-1L0GLNY o0

'§/€ D0D 89S '96/92/y U0 ge 99jenby o} sejdwes jo juswdiys uj pepnjoul yuelq dul  96/92/v - 9692v-91ay o0

syuelg duj
'$8870-M-0ESNY o|dwes jo UORIB||00 810joq PaIoalod J|leq 1dOT JO dlesuld  96/92/1 - 98870-M- LOIYNY 20

syesujy Juswoainby Jejewoleusd suoo

‘uojjesado Buyup Asejos jnoyBnoayy pasn Jejem Ao epusby jo yue|g 96/LLV/Vv - £98Y0-M- 109NV 00
‘uonebisaaul 1403 Bulinp pasn Jejem jo yueiq pRl4  96/92/% e 88¥0-M-1 094NV o0

$4uelg plold

uonduosaq sidwesg . aeq (1) sidweg uoljeso
sidweg yidag .

Agenda ESC Phase I R
Version 00, 07/12/96

sesue)y hm_ur_w@Q le Co_um@_um®>c_ pield | eseyd oyl @C_._D_u polo9j|0D mw_QEmw [oljuon \ﬁ__m:nu 'S 3I1gvl




G-3

"8|qeoljdde jou Jo umousiun yydeq ,

eport and Phase Il Work Plan

"pp-1y swnip woy edwes eysodwod ‘L0gs wouy 0B pue ‘Aunjs sse0x3  96/22/¥ - ¥.8Y0-S-60HANV 20
"07-9¢ swnip woy edwes ayisodwod *L0gs wouy 0B pue ‘Aunis sse0x3  96/22/¥ - £2870-S-80HANY 20
"GE-1€ swnip woyy edwes aysodwod *10gs woly 0B pue ‘Aunjs sse0x3  96/22/¥ - 2.8%0-S-20HANV 20
"0€-92 swnip woy ejdwes alisodwod *1L0gs woly 0B pue ‘Aunis sse0x3  96/22/¥ - 1 2870-S-90HANY 20
'§2-12 swnip woy ejdwes aysodwod *1L0gs wouy Inoib pue ‘Aunjs sso0x3  96/22/¥ - 0/8%0-S-SOHANY 20
"02-9} swnip woy e|dwes aysodwiod 'L0gs woly INoib pue ‘Aunjs $s00X3  96/81L/¥ - 198Y0-S-¥0HANY 20
"SL-1L swnip woy ejdwes aysodwod "L0gs Woly INoib pue ‘Aunjs ss00x3  96/84/¥ - 098+0-S-£0HANY 20

'01-9 swrup woyy sidwes sysodwod "L0gs woly 0B pue ‘Aunjs $s00X3  96/8 4/t - 66870-S-20HANVY 20

"S-} swnip woy sjdwes a)sodwod *L0gS woly Inoib pue ‘Aunjs $s80X3  96/81/¥ - 868+0-S- 1 0HANY 20

sajduies j10S djsep

'ag MW 11#m Buuoyuow 3HAX Jo Buydwes Buunp [esodsip 10} pajos)|oo Jojem sbind  96/9 L/S 0'6gL-0'62t 96870-M-A2OMINNY dec MN
"SZ MIN l19m Bupioyuow IHAM Jo Buldwes Buunp [esodsip Joj Palos||0o Jotem obind  96/91/6 0°65-0'6v S6870-M-SSOMNNY S¢ M
‘al MW l1#m Bunojuow 3HAX Jo Bundwes Buunp [esodsip 1o} palosl|oo Jolem sbind  96/9 /G 0°0FL-0'0€1L Y6870-M-d LOMINNY ar MmN
'S MW [jem Bupoyuow 3IHAY jo Buldwes Buunp [esodsip Joj Pajoslj0o Jojem ebing 96/91/8 0°'¥S-0'vv €6870-M-S LOMINNY St MW

sejdwes isjep) a1semm

uonduosaq sjdwes sreq (1) sidweg uopeoo]
s|dwes yidseq

Agenda ESC Phase I R
Version 00, 07/12/96

(‘wo)) 1'v 31gvL




Agenda ESC Phase I Report and Phase 1l Work Plan
Version 00, 07/12/96

TABLE G.2 Organic Analytical Results for Quality Control Samples Collected
during the Phase | Field Program at Agenda, Kansas

Concentration (ug/L for
water, ug/kg for soil)

Depth Carbon
Location Sample (ft) Tetrachloride Chioroform
Field Blanks
Qc ANFBO01-W-04853 -a <5 <5
Qc ANFBO0O1-W-04884 - <5 <5
Equipment Rinsates
QC ANRIO1-W-04886 - . <5b <5
Trip Blanks
QC ANTBO1-W-04854 - <5 <5
QcC ANBLANK-W-04897 : - <5 <5
QC ANTBO02-W-04865 - <5 <5
QC ANTBO03-W-04867 - <5 <5
QcC ANTB04-W-04875 - <5 <5
QC ANTBO05-W-04903 - <5 6
QC ANTBO06-W-04904 - <5 5
Qc ABTB-42696 - <5 ' <5
Field Replicate (Split) Samples
DWo04 ANDWO04-W-04855 - <5 <5
DWO04 ANDWO04-W-04856 - <5 ' <5
SBO1 ANSB01-W-04879 118.9-128.9 <5 <5
SBO1 ANSB01-W-04900 118.9-128.9 <5 <5
Waste Water Samples
MW 1D ANMWO01D-W-04894 130-140 <5 <5
MW 1S ANMWO01S-W-04893 44-54 <5 <5
MW 2D ANMWO02D-W-04896 129-139 <5 <5
MW 23S ANMWO02S-W-04895 49-59 <5 <5
Waste Soil Samples
QC ANDRO01-S-04858 - < 12 < 12
QC ANDRO02-5-04859 - <18 < 18
QC ANDRO03-S-04860 - < 16 < 16
QC ANDRO04-5-04861 - < 19 <19
QC ANDRO05-5-04870 - < 50 < 50
QC ANDRO06-5-04871 - < 36 < 36
QC ANDRO07-5-04872 - < 38 < 38
QC ANDRO08-5-04873 - <71 <71
QC ANDRO09-5-04874 - <29 <29

2 Depth not applicable or unknown.
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TABLE G.3 Recovery of System-Monitoring Compounds in Analyses for Volatile Organic

Compounds
Recovery (%)
Sample
Analysis  Delivery Bromofiuoro-  1,2-Dichloro-
Sample Date Group Toluene-d8 benzene ethane-d4

ANDRO1-S-04858 4/25/96 57974 103 103 91
ANDRO02-8-04859 4/25/96 57974 105 103 94
ANDRO02-5-04859MS 4/25/96 57974 103 101 91
ANDRO02-S-04859MSD 4/25/96 57974 103 102 93
ANDRO03-S-04860 4/25/96 57974 96 94 87
ANDRO04-5-04861 4/25/96 57974 104 103 93
ANDWO01-W-04850 4/29/96 57981 99 101 93
ANDWO01-W-04850MS 4/29/96 57981 1132 114 109
ANDWO1-W-04850MSD 4/29/96 57981 107 110 103
ANDWO02-W-04851 4/29/96 57981 97 100 93
ANDWO03-W-04852 4/29/96 57981 107 107 103
ANDWO04-W-04855 4/29/96 57981 107 108 102
ANDWO04-W-04856 4/29/96 57981 106 108 103
ANDWO05-W-04862 4/29/96 57981 93 93 89
ANDWO06-W-04863 4/29/96 57981 108 108 104
ANDWO07-W-04864 4/29/96 57981 108 108 105
ANDWO08-W-04866 5/1/96 57981 106 109 105
ANDWO09-W-04868 5/7/96 57981 107 98 94
ANDW10-W-04876 5/4/96 57981 100 93 84
ANFB01-W-04853 4/29/96 57981 107 107 104
ANPWO01-W-04869 5/4/96 57981 101 94 84
ANTBO1-W-04854 4/29/96 57981 108 111 105
ANTB02-W-04865 4/29/96 57981 109 110 106
ANTBO03-W-04867 5/1/96 57981 102 106 103
ANTB04-W-04875 5/4/96 57981 101 93 85
ANDRO05-5-04870 4/25/96 58051 99 101 89
ANDRO05-S-04870MS 4/25/96 58051 104 107 95
ANDRO05-5-04870MSD 4/25/96 58051 104 104 94
ANDRO06-5-04871 4/25/96 58051 101 102 92
ANDROQ7-8-04872 4/25/96 58051 97 92 86
ANDRO08-5-04873 4/26/96 58051 99 100 91
ANDRO09-5-04874 4/26/96 58051 101 101 92
ANFBO01-W-04884 4/26/96 58098 101 94 88
ANMWO03D-W-04902 4/24/96 58098 94 92 78
ANMWO3D-W-04902MS 4/24/96 58098 99 100 93
ANMWO03D-W-04902MSD 4/24/96 58098 98 100 91
ANMWO03S-W-04901 4/24/96 58098 100 ’ 96 84
ANRIO1-W-04886 4/26/96 58098 96 90 89
ANSBO01-W-04900 4/24/96 58098 100 92 82
ANSB07-W-04881 4/24/96 58098 97 97 81

ANSB08-W-04882 4/25/96 58098 94 ) 90 84
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TABLE G.3 (Cont.)

Recovery (%)

Sample
Analysis  Delivery Bromofiluoro- 1,2-Dichloro-
Sample Date Group Toluene-d8 benzene ethane-d4
ANSB09-W-04883 4/26/96 58098 94 ' 87 83
ANSB10-W-04885 4/26/96 58098 92 87 84
ANTB-42696 4/26/96 58098 100 94 90
ANTBO05-W-04903 4/24/96 58098 93 91 81
ANTBO06-W-04904 4/24/96 58098 98 96 83
ANMWO01D-W-04890 5/1/96 58101 104 107 102
ANMWO02D-W-04878 5/1/96 58101 108 109 103
ANMWO02S-W-04877 5/1/96 58101 107 108 102
ANMW1S-W-04891 5/1/96 58101 104 106 100
ANMW1S-W-04891MS 5/1/96 58101 100 103 98
ANMW1S-W-04891MSD 5/1/96 58101 102 105 99
ANSB01-W-04879 5/1/96 58101 106 108 103
ANSB02-W-04880 5/1/96 58101 107 108 106
ANBLANK-W-04897. 5/21/96 .58574 91 92 88
ANMWO01D-W-04894 5/21/96 58574 95 95 90
ANMWO01S-W-04893 5/21/96 58574 96 98 93
ANMWO01S5-W-04893MS 5/21/96 58574 94 95 90
ANMWO1S-W-04893MSD 5/21/96 58574 93 93 89
ANMWO02D-W-04896 5/21/96 58574 94 94 90
ANMWO02S-W-04895 5/21/96 58574 94 92 89

8 Value outside contract-required quality control limit. These limits are as follows:

Recovery (%) in Samples

Soil Water
Toluene-d8 84-138 88-110
Bromofluorobenzene 59-113 86-115

1,2-Dichloroethane-d4 70-121 76-114
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Agenda ESC Phase I Report and Phase I1 Work Plan
Version 00, 07/12/96 :

TABLE G.5 Recovery of Inorganic Materials during Analysis of
Laboratory Control Samples

Concentration (ug/L)

Laboratory
Analyte Control Sample Measured Recovery (%)

Sample Delivery Group 57981

Chloride 5000 4880-5120 97.6-102.4
Nitrate 3000 2810-2880 93.7-96.0
Phosphate 2000 1800-1880 90.0-94.0
Sulfate 10000 10010-10250 100.1-102.5
Aluminum 26000 26110 100.4
-Calcium 25000 25130 100.5
Iron 25500 25950 101.8
Magnesium 25000 24650 98.6
Manganese 500 505.7 101.1
Potassium 25000 26800 107.2
Sodium 25000 24060 96.2
Zinc 500 518.30 103.7 .
Silicon 2000 1894 94.7
Phosphorus 500 492 .4 98.5
Aluminum 30200 29640-31490 98.1-104.3
Calcium 30200 29170-30910 96.6-102.4
Iron 30200 29690-31530 98.3-104.4
Magnesium 30200 29250-31060 96.9-102.8
Manganese 200 192.6-205.1 96.3-102.6
Potassium 30200 30820-32020 102.1-106.0
Sodium 30200 28440-29790 94.2-98.6
Zinc 200 198.6-212.4 99.3-106.2
Silicon 2500 2379-2466 95.2-98.6
Phosphorus 200 186.4-199.9 93.2-100.0

Sample Delivery Group 58098

Chloride 5000 4960-5180 . 99.2-103.6
Nitrate 3000 2870-2890 95.7-96.3
Phosphate 2000 1810-1880 90.5-94.0
Sulfate 10000 10240-10310 102.4-103.1
Aluminum 26000 26110 100.4
Calcium 25000 25120-25250 100.5-101.0
Iron 25500 25990 101.9
Magnesium 25000 24670 98.7

Manganese 500 505.2 101.0
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TABLE G.5 (Cont.)

Concentration (ug/L)

Laboratory

Analyte Control Sample Measured Recovery (%)

Sample Delivery Group 58098 (Cont.)

Potassium 25000 26700 106.8
Sodium 25000 23970-24080 95.9-96.3
Zinc 500 513.6 102.7
Silicon 2000 1835 91.8
Phosphorus 500 504.70 100.9
Aluminum 30200 30090-31540 99.6-104.4
Calcium 30200 29410-31830 97.4-105.4
Iron 30200 30000-31470 99.3-104.2
Magnesium 30200 29670-31170 98.2-103.2
Manganese 200 195.8-206.5 97.9-103.2
Potassium 30200 31100-32660 103.0-108.1
Sodium 30200 28760-30910 95.2-102.4
Zinc 200 202.3-212.0 101.2-106.0
Silicon 2500 2503-2578 100.1-103.1
Phosphorus 200 192.3-212.5 96.2-106.2
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TABLE G.6 Calculated Relative Percent Difference in

Duplicate Inorganic Analyses

Concentration (ug/L)

Relative
Duplicate Percent
Analyte Sample Analiysis Difference
Duplicate Laboratory Analysis of ANDWO03-W-04852
in Sample Delivery Group 57981
Aluminum < 45 < 45 NCa
Calcium 103000 104000 1
Chloride 22300 21200 5.1
Iron 53.11 50.55 4.9
Magnesium 14300 14460 1
Manganese <2 <2 NC
Nitrate 13700 13800 0.7
Phosphate 100 100 0
Phosphorus 138.1 141.7 2.6
Potassium 6030 6081 0.9
Silicon 12100 11970 1.1
Sodium 31300 31600 0.9
. Sulfate 56700 54200 4.5
Zinc 50.83 50.98 1.3

Duplicate Laboratory Analysis of ANMWO1D-W-04890
in Sample Delivery Group 58098

Aluminum
Calcium
Chloride
Iron
Magnesium
Manganese
Nitrate
Phosphate
Phosphorus
Potassium
Silicon
Sodium
Sulfate
Zinc

< 45
113000
17600
64.13
10700
8.47
6000
< 61
49.11
2484
17200
23300
33100
9.97

< 45
113400
18900
65.71
10740
8.81
6000
< 61
51
2489
17390
23340
33600
21.37
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TABLE G.6 (Cont.)

Concentration (ug/L)

Relative
Duplicate Percent
Analyte Sample Analysis Ditference

Analysis of ANDWO04-W-04855 and Field Replicate ANDWO04-
W-04856 in Sample Delivery Group 57981

Aluminum < 45 < 45 NC
Calcium 153000 154000 0.7
Chloride 45300 44700 1.3
Iron 49 47 4.2
Magnesium 14100 14300 1.4
Manganese <2 <2 NC
Nitrate 3400 3400 0
Phosphate 100 100 0
Phosphorus 96 103 7
Potassium 3022 3088 2.2
Silicon 17700 17700 0
Sodium 29700 30200 1.7
Sulfate 23200 22800 1.7
Zinc 7 9 25

Analysis of ANSBO1-W-04879 in Sample Delivery Group 57981
and Analysis of Field Replicate: ANSBO1-W-04900-in - Sample -
Delivery - Group 58098

Aluminum < 45 < 45 NC
Calcium 91800 84100 8.8
Chloride 9100 9100 0
Iron 33 40 19
Magnesium 8660 7950 8.5
Manganese 13 12 8
Nitrate 500 500 0
Phosphate < 61 < 61 NC
Phosphorus 56 56 0]
Potassium 3209 3031 5.7
Silicon 16200 18000 10.5
Sodium 26200 24600 6.3
Sulfate 15900 16100 1.3
Zinc 4 8 67

8 NC, estimated result is less than detection limit, and RPD was
not calculated.
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TABLE G.7 Recovery Obtained in Inorganic Spike Analyses

Concentration (ug/L)

Spike
Spike Spiked Recovery
Analyte Sample Added Sample (%)
Sample ANDWO03-W-04852 in Sample Delivery Group 57981
Aluminum 19.5 2000 2092 104.6
Chiloride 22300 8300 30200 95.2
Iron 53.11 1000 1063 101.0
Manganese 0.7 500 498.4 99.7
Nitrate 13700 8300 21500 94.0
Phosphate 100 2000 1700 . 80.0
Silicon 12100 500 12650 110.0
Sulfate 56700 8300 63600 83.0
Zinc 50.3 500 557.5 101.4
Sample ANMWO1D-W-04890 in Sample Delivery Group 58098
Aluminum 19.5 2000 2176 108.8
Chloride 17600 33300 47400 89.5
Iron 64.13 1000 1137 107.3
Manganese 8.47 500 532 104.7
Nitrate 6000 2000 7900 95.0
Phosphate < 100 2000 1700 85.0
Sulfate 33100 33300 64000 92.8

Zinc 9.97 500 556.3 109.3
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