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Notation 

AGEM Applied Geosciences and Environmental Management 

BGL below ground level 

C degree(s) Celsius 

CCC Commodity Credit Corporation 

CD compact disc 

DO dissolved oxygen 

EPA U.S. Environmental Protection Agency 

ft foot (feet) 

gal gallon(s) 

IM interim measure 

in. inch(es) 

KDHE Kansas Department of Health and Environment 

L liter(s) 

μg/L microgram(s) per liter 

μS/cm microsiemen(s) per centimeter 

MAROS Monitoring and Remediation Optimization System 

mg/L milligram(s) per liter 

min minute(s) 

mV millivolt(s) 

ORP oxidation-reduction potential 

PWS public water supply 

TOC top of casing 

USDA U.S. Department of Agriculture 

VOC volatile organic compound 
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Sitewide Monitoring at Agra, Kansas, June 2011 

1  Introduction and Background 

In 1985, carbon tetrachloride was discovered in the groundwater at Agra, Kansas, during 

routine sampling of public water supply wells. Two of Agra’s four public water supply wells 

contained low but detectable levels of carbon tetrachloride; the concentrations in wells PWS-3 

and PWS-4 exceeded the maximum contaminant level. These wells were removed from service 

in 1986. Other public wells, outside the area of contamination, supply drinking water for the city 

of Agra. Both PWS-3 and PWS-4 remain available for uses other than drinking water.  

In 1987-2005, the Kansas Department of Health and Environment (KDHE) and the 

Commodity Credit Corporation of the U.S. Department of Agriculture (CCC/USDA) conducted 

investigations to delineate the contaminant plume and to identify source areas for the 

contamination — which results from the past use of grain fumigants containing carbon 

tetrachloride. Source areas were identified on the former CCC/USDA grain storage facility 

property and on the property of the Producers Agricultural Marketing Association, Inc. (Pro-Ag), 

located to the south (Argonne 2006). The contaminant plume extends to the southeast, toward 

wells PWS-3 and PWS-4, from the three identified source areas. 

The CCC/USDA is currently implementing a KDHE-approved interim measure (IM) to 

address the contamination identified on its former property. This source control IM consists of 

large-diameter boreholes (LDBs) coupled with soil vapor extraction (SVE) and air sparging 

(AS). The CCC/USDA completed installation of the IM in May 2009. Assessment of the 

performance and effectiveness of the IM is being reported separately. The KDHE plans to have 

Pro-Ag implement an IM, as well.   

As part of the IM process, the KDHE (2008) requested the development of a joint 

sitewide groundwater monitoring plan for periodic assessment of the contaminant levels. A Joint 

Work Plan for Sitewide Monitoring was developed by the CCC/USDA through its technical 

consultant, Argonne National Laboratory, and was reviewed, approved, and signed by Pro-Ag 

and subsequently submitted to the KDHE on May 12, 2009. The finalized, signed version of the 

Joint Work Plan was provided to the KDHE on November 9, 2009 (Appendix A in Argonne 

2010). 
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Under the Joint Work Plan, the CCC/USDA and Pro-Ag agreed to share monitoring 

responsibilities. The CCC/USDA conducts sampling events in odd-numbered years (2009, 2011, 

2013, etc.), and Pro-Ag conducts the events in even-numbered years (2010, 2012, 2014, etc.). 

Each sitewide sampling event is to be conducted in the month of June. Argonne conducted the 

first annual sitewide event for the CCC/USDA on June 15-16, 2009 (Argonne 2010). Pro-Ag 

conducted the second annual sitewide event on August 3-5, 2010 (Pro-Ag 2010).  

 At the request of the KDHE (2011a,b), former public water supply well PWS-4 was 

added to the sitewide monitoring network. This well is currently used for irrigation of the 

school’s football field. 

The subject of this report is the third sitewide groundwater sampling event under the Joint 

Work Plan, which was conducted by Argonne for the CCC/USDA on June 6-7, 2011. 

Table 1.1 lists the monitoring wells and public water supply wells sampled under the Joint 

Work Plan, plus the wells sampled to monitor the respective IMs. The entity responsible for each 

monitoring element is indicated, along with well completion dates and well registration numbers. 
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TABLE 1.1  Wells sampled in the annual sitewide monitoring and IM monitoring programs at Agra. 

         
    Depth (ft BGL)   

   Casing      
Sampling   Diameter Screen Filter Pack  Completion Registration

Responsibility Well Well Type (in.) Interval Interval Total Date Number 
                  
         
Joint sitewide monitoring — 11 wells     
         

Joint KMW02 Monitoring 2 57-97 20-97 99 9/30/1987 45580 
Joint MW-C Monitoring 2 35-55 33-55 55 6/3/1997 118623 
Joint MW-H Monitoring 2 43-53 41-53 53 6/5/1997 118620 
Joint MW-J Monitoring 2 54-66 54-66 66 6/13/1997 118618 
Joint MW-L Monitoring 2 66-76a 64-76a 80 6/14/1997 118616 
Joint MW-M Monitoring 2 54.5-68.5b 52.5-68.5b 75 6/15/1997 118510 
Joint MW-R Monitoring 2 46.5-66c 40-66c 66 2/25/1998 353498 
Joint SB23S Monitoring 1 49-55 48-55 55 5/10/2001 321229 
Joint SB36 Monitoring 4 42.7-62.7 40-64.7 62.7 7/15/1996 108165 
Joint PWS-3 Public 12 65-125 – 125 4/30/1954 – 
Joint PWS-4 Public 12 88-127 – 127 8/21/82 – 
Joint DW98 Domestic 8 – – 59.5 – – 
         

Monitoring for CCC/USDA source area IM — 8 wells     
         

CCC/USDA KMW03 Monitoring 2 74-89 NR 89 10/2/1987 45583 
CCC/USDA MW-P Monitoring 2 39.5-59d 34-59d 59 2/25/1998 353496 
CCC/USDA MW-Q Monitoring 2 49.5-69e 44-69e 69 2/25/1998 353497 
CCC/USDA GW-1 Monitoring 1 43-53 41-53 53 7/1/2009 426347 
CCC/USDA GW-2 Monitoring 1 43-53 41-53 53 7/1/2009 426346 
CCC/USDA GW-3 Monitoring 1 43-53 41-53 53 7/1/2009 426345 
CCC/USDA GW-4 Monitoring 1 43-53 41-53 53 7/1/2009 426344 
CCC/USDA GW-5 Monitoring 1 43-53 41-53 53 7/1/2009 426343 
         

Monitoring for Pro-Ag source area IM — 15 wells     
         

Pro-Ag KMW01 Monitoring 2 43-53 20-63 63 10/7/1987 45581 
Pro-Ag MW-2 Monitoring 2 39-59f 37-59f 59f 5/31/1997 118626 
Pro-Ag MW-F Monitoring 2 65-75g 64-75g 75g 6/2/1997 118622 
Pro-Ag MW-G Monitoring 2 89-99 87-99 100 6/13/1997 118621 
Pro-Ag MW-I Monitoring 2 36-71 34-71 71 6/4/1997 118619 
Pro-Ag MW-O Monitoring 2 38-58 36-58 58 8/29/1997 119090 
Pro-Ag PMW-01 Monitoring 2 49-59 47-59 59 8/21/2009 427877 
Pro-Ag PMW-02 Monitoring 2 49-59 47-59 59 8/21/2009 427825 
Pro-Ag PMW-03 Monitoring 2 52.5-62.5 50.5-62.5 62.5 8/21/2009 427824 
Pro-Ag PMW-04 Monitoring 2 53-63 51-63 63 8/21/2009 427963 
Pro-Ag PMW-05 Monitoring 2 54.5-64.5 52.5-64.5 64.5 8/21/2009 427962 
Pro-Ag PMW-06 Monitoring 2 49-59 47-59 59 8/21/2009 427964 
Pro-Ag PMW-07 Monitoring 2 70-75 68-75 75 8/21/2009 427961 
Pro-Ag PMW-09 Monitoring 2 55-65 53-65 65 5/17/2010 433967 
Pro-Ag PMW-10 Monitoring 2 45.5-55.5 43.5-55.5 55.5 5/17/2010 433970 
           
     
a Reported screen interval for MW-L = 70-80 ft BGL; reported filter pack interval = 68-80 ft BGL. 
b Reported screen interval for MW-M = 59-69 ft BGL; reported filter pack interval = 57-75 ft BGL. 
c Reported screen interval for MW-R = 44.45-63.95 ft BGL; reported filter pack interval = 38-66 ft BGL. 
d Reported screen interval for MW-P = 35.42-54.92 ft BGL; reported filter pack interval = 31-59 ft BGL. 
e Reported screen interval for MW-Q = 43.28-62.78 ft BGL; reported filter pack interval = 38-69 ft BGL. 
g Reported screen interval for MW-F = 65-75 ft BGL; reported filter pack interval = 63-85 ft BGL; total depth = 

85 ft BGL. 
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2  Sampling and Analysis Activities 

 
2.1  Monitoring Well Sampling and Analyses 

The sitewide groundwater sampling event conducted by the CCC/USDA on June 6-7, 

2011, involved the 11 designated joint sitewide groundwater monitoring wells (Figure 2.1), plus 

the 8 wells (MW-P, MW-Q, KMW03, and GW-1 through GW-5) being sampled to monitor the 

CCC/USDA IM (also shown in Figure 2.1). For the sake of completeness, this map also includes 

the locations of the wells sampled in alternate years to monitor the Pro-Ag IM. 

The June 2011 sampling began with measurement of water levels in the monitoring wells. 

Low-flow groundwater sampling techniques were then used to purge and sample the wells in 

accordance with U.S. Environmental Protection Agency (EPA) guidelines (Puls and Barcelona 

1996; Yeskis and Zavala, 2002). The low-flow sampling of monitoring wells involved the use of 

a bladder pump and field measurement equipment designed to determine when representative 

formation water was entering the well screen. Stabilization of formation water in the screened 

area of the well was determined by measuring the static water levels and monitoring the levels of 

pH, temperature, specific conductivity, oxidation-reduction potential (ORP), and dissolved 

oxygen (DO) during pumping through the in-line flow cell. 

The procedure for each well sampled was as follows: 

1. A bladder pump was inserted into the well to a depth midway between the top 

and bottom of the screen. To minimize disturbance of the solids that are 

typically present at the bottom of a well, care was taken not to lower the pump 

to the bottom of the casing.  

2. The pumping rate for the bladder pump was set to ensure that minimal 

drawdown occurred in each well during pumping. The rate was monitored by 

measuring the static water level periodically throughout pumping and was 

modified as appropriate to minimize fluctuations in water levels. 

3. Polyethylene tubing was used to connect the bladder pump to an in-line flow 

cell. Formation parameters, including pH, temperature, specific conductivity, 
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ORP, and DO, were measured continuously in the in-line flow cell during 

pumping. Measurements were recorded every 4 min until three successive 

measurements for each parameter were within a range indicating that the 

formation water was stable. The range for formation stabilization varies for 

each parameter, as follows: pH, within 0.1; temperature, within 3%; specific 

conductivity, within 3%; ORP, within 10 mV; and DO, within 10%. 

4. After stabilization of the formation water parameters, the polyethylene tubing 

was disconnected from the in-line flow cell, and a representative groundwater 

sample was pumped through the tubing into laboratory-approved containers. 

5. The polyethylene tubing for each well was kept and dedicated for reuse at that 

specific well. In addition, pumping rate data were recorded for each well as a 

reference for subsequent sampling events. 

The sequence of activities during the June 2011 sampling event is summarized in 

Appendix A, Table A.1. The field measurements —temperature, pH, conductivity, DO, and ORP 

— recovered during the sampling event are in Appendix A, Table A.2. 

Groundwater samples designated for analyses for volatile organic compounds (VOCs) 

were collected in appropriate laboratory containers, labeled, packaged, and chilled to 4C by 

placement in ice-filled coolers. The samples were shipped via an overnight delivery service to 

the Applied Geosciences and Environmental Management (AGEM) Laboratory at Argonne for 

VOCs analyses with EPA Method 524.2 (EPA 1995). Aliquots of selected samples (chosen in 

the field) were also shipped to TestAmerica Laboratories, Inc., South Burlington, Vermont, for 

verification VOCs analyses according to EPA Contract Laboratory Program protocols. 

The analytical results are presented and discussed in Section 3.1. 

 
2.2  Measurement of Groundwater Levels 

Manual measurements of water levels were made on June 28, 2011, in a sitewide set of 

monitoring wells (KMW01, KMW02, MW-2, MW-B, MW-F, MW-I, MW-J, MW-K, MW-L, 
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MW-M, MW-P, MW-Q, MW-R, SB23S, SB28S, SB38S, SB72). The groundwater level data are 

presented and discussed in Section 3.2. 

 
2.3  Handling and Disposal of Investigation-Derived Waste 

Purge water generated during the June 2011 annual sitewide monitoring was 

containerized on-site in 55-gal drums. The accumulated wastewater (approximately 31 gal) was 

sampled on June 22, 2011, and was analyzed for carbon tetrachloride and chloroform at the 

AGEM Laboratory on June 23, 2011 (Supplement 1, on the CD [compact disc] inside the back 

cover of this report). Carbon tetrachloride was present in the wastewater at 2.6 µg/L; chloroform 

was not detected. Because of the low volume of wastewater and the low contaminant levels 

present, disposal of the containerized water was deferred until additional wastewater is 

accumulated during the upcoming July-September quarterly monitoring of the CCC/USDA IM. 

During the IM quarterly monitoring event, a composite wastewater sample will be collected for 

analysis at a KDHE-certified laboratory. Disposal of the water will be carried out subsequently 

as appropriate.  

 
2.4  Quality Control for Sample Collection, Handling, and Analysis 

Quality assurance/quality control procedures followed during the June 2011 monitoring 

event are described in detail in the Master Work Plan (Argonne 2002). The results are 

summarized as follows:  

 Sample collection and handling activities were monitored by the 

documentation of samples as they were collected and the use of chain-of-

custody forms and custody seals to ensure sample integrity during handling 

and shipment.  

 Samples designated for VOCs analyses were received with custody seals 

intact and at the appropriate preservation temperature. All samples sent to the 

AGEM Laboratory were analyzed within the required holding times.  

 Quality control samples collected to monitor sample-handling activities (trip 

blanks and equipment rinsates) and method blanks analyzed with the samples 
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to monitor analytical methodologies were all free of carbon tetrachloride and 

chloroform contamination. Analytical results for quality control samples 

collected to monitor sample-handling activities are in Appendix A, Table A.3. 

 Groundwater samples were analyzed for VOCs at the AGEM Laboratory by 

the purge-and-trap method on a gas chromatograph-mass spectrometer 

system. Calibration checks analyzed with each sample delivery group were 

required to be within ±20% of the standard. Surrogate standard determinations 

performed on samples and blanks were within the specified range of 80-120% 

for all samples, in either the initial analysis or a successful reanalysis. 

 Results from the AGEM Laboratory for dual analyses of the groundwater 

samples are in Appendix A, Table A.4. The results of the dual analyses 

compare well, with average relative percent difference values for carbon 

tetrachloride and chloroform of approximately 2% and 1%, respectively, 

indicating consistency in the sampling and analytical methodologies.  

 In accordance with the procedures defined in the Master Work Plan (Argonne 

2002), groundwater samples were submitted to a second laboratory 

(TestAmerica) for verification analysis according to the protocols of the 

EPA’s Contract Laboratory Program. The results from the two laboratories 

(Appendix A, Table A.5) compare favorably over the range of contaminant 

concentrations detected. The analytical data provided by TestAmerica for 

sample delivery group 200-5447 are in Supplement 2 (on CD). 
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FIGURE 2.1  Locations for joint annual groundwater monitoring, sampling to monitor the CCC/USDA source control IM, and sampling to monitor 

the Pro-Ag IM. 
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3  Results and Discussion 

 
3.1  Analytical Results for Volatile Organic Compounds in Groundwater Samples 

and Lateral Distribution of the Contaminants 

The analytical data for VOCs in the groundwater samples collected by Argonne for the 

CCC/USDA in conjunction with the annual sitewide groundwater monitoring event in June 2011 

are in Table 3.1. A map illustrating the current levels and distribution of carbon tetrachloride 

contamination in groundwater, based on the results of the June 2011 sitewide sampling, is in 

Figure 3.1. For the sake of completeness, this map includes the locations of the wells sampled by 

Pro-Ag in alternate years to monitor the Pro-Ag IM.  

The historical time series of carbon tetrachloride concentrations at the joint sitewide 

monitoring locations is shown in Figure 3.2. 

For long-term evaluation of the effectiveness of the CCC/USDA and Pro-Ag IMs, a 

comprehensive summary of the annual monitoring results for carbon tetrachloride and 

chloroform in groundwater is included in Appendix B, Table B.1. This summary begins with the 

2005 targeted investigation and continues through the October 2008 pre-remedial baseline study 

and the 2009-2011 sitewide monitoring events.  

 
3.2  Groundwater Level Data 

Observations made during interpretation of the results from the recent groundwater 

monitoring event indicate that the groundwater flow direction and gradients did not change 

significantly from that depicted in earlier reports (Argonne 2006, 2010), remaining consistent 

with a predominant groundwater flow direction to the south-southeast from the vicinity of the 

former CCC/USDA facility and the Pro-Ag facility. Groundwater elevation data were recovered 

on June 28, 2011. The water level contour map in Figure 3.3 confirms the south to southeasterly 

flow direction identified in previous investigations. 
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3.3  Trend Analysis for Carbon Tetrachloride Monitoring Data 

Trend analyses of time series groundwater monitoring data for carbon tetrachloride can 

provide information on the condition of the carbon tetrachloride plume in groundwater over the 

monitoring period. The carbon tetrachloride contamination at Agra was initially identified in 

1985. Investigations conducted in the 1990s and 2000s included Argonne’s extensive studies on 

behalf of the CCC/USDA in 1995-1997 and 2005 (Argonne 2006). More recently, ongoing 

monitoring of the carbon tetrachloride plume in groundwater began in 2008 through sampling of 

a network of monitoring wells.  

The sections below present the results of the trend analysis for historical carbon 

tetrachloride data collected from a set of monitoring wells, conducted to evaluate the general 

development of the carbon tetrachloride plume in groundwater over the years. 

 
3.3.1  Selection of Monitoring Wells and Data Processing Methods for the Trend Analysis 

Four monitoring wells, MW-F, MW-J, MW-L and MW-M, were selected for the trend 

analysis, on the basis of the trend analysis presented by Pro-Ag (2010).  Wells MW-J and 

MW-M are located along the axis of the eastern lobe of the carbon tetrachloride plume; they 

represent the upgradient and downgradient parts of the eastern lobe, respectively. Wells MW-F 

and MW-L are located along the axis of the western lobe of the plume. Well MW-F is near the 

center of the highly contaminated part of the plume, while MW-L is at the forefront of western 

lobe (Figure 3.4). All four wells were installed in 1997 and were sampled and analyzed in 1997-

1999 and 2005. More recent ongoing monitoring started in 2008. Historical analytical results for 

carbon tetrachloride in these wells are in Table 3.2.  

Samples for these four monitoring wells were generally collected once a year during the 

months of April-October; however, multiple sampling events occurred in 1997 and 1998 

(Table 3.2). To generate a consistent data set representing annual trends, the data in Table 3.2 

were processed by taking the average value of concentrations from multiple sampling events in 

1997 and 1998 as annual values. In addition, any value below the detection limit was treated as a 

numeric value of zero. The final data set prepared for the trend analysis is in Table 3.3. 
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3.3.2  Trend Analysis Methods 

The trend analysis was performed by two methods: (1) a simple graphic trend illustration 

that qualitatively visualizes the change in carbon tetrachloride concentrations over time and (2) a 

Mann-Kendall analysis (e.g., Helsel and Hirsch 2002), which is a nonparametric statistical test 

that can quantitatively show whether the carbon tetrachloride concentration at each monitoring 

well is increasing, stable, or decreasing.  

The Mann-Kendall test uses the Mann-Kendall statistic (S) to measure the trend in the 

concentration data. Unlike other statistic tests, the Mann-Kendall test requires no assumptions 

(normal, lognormal, etc.) regarding the statistical distribution of the data. This analysis can be 

used even with missing data and irregular sampling intervals.  

The Monitoring and Remediation Optimization System (MAROS) tool developed by the 

Air Force Center for Environmental Excellence (http://www.afcee.af.mil/resources/ 

technologytransfer/models/index.asp) incorporates the Mann-Kendall test into a trend analysis 

with a decision matrix. In the MAROS decision matrix, six categories of concentration trend are 

characterized by the Mann-Kendall statistic (S), confidence in trend, and coefficient of variation. 

Confidence in trend is a statistical probability that the concentration is increasing (S > 0) or 

decreasing (S < 0), while coefficient of variation is a statistical measure of how the individual 

concentration varies from the mean values at a sampling point. The MAROS Mann-Kendall 

decision matrix (MAROS version 2.2; http://www.gsi-net.com/en/software/free-

software/maros.html) can be used to guide a determination that concentrations are increasing, 

probably increasing, showing no trend or stable, probably decreasing, or decreasing. The matrix 

is in Table 3.4.  

 
3.3.3  Trend Analysis Results and Interpretation  

A graphic presentation of historical carbon tetrachloride concentrations is shown in 

Figure 3.5 for wells MW-F, MW-J, MW-L and MW-M. Three patterns of change in 

concentration are visualized qualitatively, as follows: 

 At MW-F (near the center of the western lobe of the plume), an increasing 

trend from the late 1990s to 2005 is followed by a decreasing trend to the 

present time. 
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 At MW-L and MW-M (near the forefronts of the western and eastern lobes of 

the plume, respectively), a slight increase (compared to the concentrations in 

the late 1990s) is followed by relatively great fluctuation and no apparent 

trend in recent years. 

 At MW-J (at the upgradient end of the eastern lobe of the plume), no trend is 

apparent, and concentration levels are relatively low. 

The results for Mann-Kendall analysis are shown in Table 3.3. The Mann-Kendall 

statistic (S), coefficient of variance, and confidence in trend were estimated by using the 

equations in MAROS, version 2.2 (http://www.gsi-net.com/en/software/free-

software/maros.html). The category of carbon tetrachloride concentration trend was determined 

by using the decision matrix in Table 3.4. The results of the Mann-Kendall analysis suggest that 

no trend is apparent at upgradient locations MW-F and MW-J, while increasing and probably 

increasing trends are occurring at downgradient locations MW-L and MW-M, respectively. 

In comparison with the graphic analysis (Figure 3.5), the Mann-Kendall analysis 

generates a statistical, well-defined trend category for concentration data at each location. 

However, it cannot characterize change in trend over time, such as the change from early 

increasing trend to recent decreasing trend at MW-F or from early increasing trend to the recent 

showing of no trend at MW-L and MW-M. Further Mann-Kendall analyses using only the subset 

of concentration data collected in recent years will be able to address the uncertainty of the 

recent trends, when more data become available in the future. On the basis of results from trend 

analyses using both methods, the possible condition of the plume over the time can be inferred.  

For the western lobe of the plume, high-level carbon tetrachloride migrated from the 

upgradient area through location MW-F in the middle part of the western lobe, reaching a peak 

in 2005. At the same time, the carbon tetrachloride concentration at MW-L was also increasing, 

suggesting an impact of downgradient migration at MW-L. In recent years (2008-2011), 

however, concentrations at MW-L have fluctuated relative to the 2005 value, with less certainty 

in the trend. When more data become available in the future, a Mann-Kendall analysis with only 

recent-year data might be able to address the uncertainty in the recent trend. The overall decrease 

in concentrations in the western lobe might represent natural attenuation through various 

processes (dilution, dispersion, etc.).  
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For the eastern lobe of the plume, upgradient concentrations (MW-J) have been relatively 

low (13-30.7 µg/L), with no trend apparent, as confirmed by both the graphic (Figure 3.5) and 

Mann-Kendall (Table 3.3) analyses. The observation of relatively low-level carbon tetrachloride 

with no trend over the 14-yr observation period indicates that no high-level carbon tetrachloride 

has migrated from the former CCC/USDA facility and downgradient through MW-J, to enter the 

eastern lobe of the plume. The high concentration of carbon tetrachloride (>1,000 µg/L) found at 

the former CCC/USDA facility appears to be disconnected from the rest of the eastern lobe.  

This evidence supports the conclusion that the elevated contamination at the former 

CCC/USDA facility is relatively isolated and has minimal effect on the size and concentration 

level of the entire plume, which has been fed primarily by the source areas identified south of the 

former railroad. At the forefront of the eastern plume (MW-M), carbon tetrachloride increased 

from the late 1990s to 2005, reflecting downgradient migration of the eastern lobe. However, the 

recent concentrations have fluctuated, with no trend apparent visually (Figure 3.5). Further 

evaluation of the recent trend can be performed with the Mann-Kendall analysis and recent-year 

annual data only, when more data for this location become available in the future.   

 
3.3.4  Trend Analysis Findings  

In summary, the main findings of the trend analysis are as follows: 

 Near the center of the western lobe of the plume (MW-F), increases in  carbon 

tetrachloride concentrations from the late 1990s to 2005 have been followed 

by a decreasing trend to the present time. The western lobe of the plume has 

apparently experienced migration from the upgradient area through this 

location. The recent decreasing trend (2005-2010) might represent processes 

of both downgradient migration and natural attenuation.  

 At the forefronts of the western and eastern lobes of the plume (MW-L and 

MW-M), carbon tetrachloride concentrations, in general, have increased over 

the last 14 yr (1997-2011), as indicated by both graphic and Mann-Kendall 

analyses. The increasing trend might indicate downgradient migration in the 

western and eastern lobes of the plume, respectively. However, the graphic 

trend in recent years (2005-2011; Figure 3.5) does not show a continuous 
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increase. Further evaluation with additional data will address the uncertainty 

for recent years. 

 Upgradient in the eastern lobe of the plume (MW-J), no apparent trend with 

relatively low concentration is confirmed by both graphic and Mann-Kendall 

analyses. No trend with low concentration at this location indicates that no 

high-level plume has migrated from the former CCC/USDA facility to the 

downgradient eastern lobe of the plume over last 14 yr. The evidence supports 

the conclusion that contamination at the former CCC/USDA facility is 

isolated and has minimal effect on the downgradient areas.    
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TABLE 3.1  Results of CCC/USDA annual sitewide groundwater monitoring and IM-related monitoring in June 2011. 

      
   Concentration (g/L) 
       

Sampling  Sampling Carbon  Methylene 1,2-Dichloro- 
Responsibility Well Date Tetrachloride Chloroform Chloride Ethane 

            
       
Joint KMW02 6/6/11 NDa ND ND ND 
Joint MW-C 6/6/11 ND ND ND ND 
Joint MW-H 6/7/11 ND ND ND ND 
Joint MW-J 6/7/11 18 ND ND ND 
Joint MW-L 6/7/11 82 2.1 ND ND 
Joint MW-M 6/6/11 97 1.9 ND ND 
Joint MW-R 6/6/11 ND ND ND ND 
Joint PWS-3 6/7/11 9.8 0.4 Jb ND ND 
Joint PWS-4 6/7/11 33 1.0 ND ND 
Joint SB23S 6/7/11 70 0.9 J ND ND 
Joint SB36 6/7/11 9.6 0.6 J ND ND 
Joint DW98c – – – – – 
       
Argonne KMW03 6/6/11 ND ND ND ND 
Argonne MW-P 6/6/11 222 5.9 ND ND 
Argonne MW-Q 6/6/11 0.5 J ND ND ND 
Argonne GW-1 6/6/11 37 4.9 ND ND 
Argonne GW-2 6/6/11 2,900 20 ND ND 
Argonne GW-3 6/6/11 1,777 15 ND ND 
Argonne GW-4 6/6/11 112 1.4 ND ND 
Argonne GW-5 6/6/11 0.4 J ND ND ND 
            
     
a ND, not detected at instrument detection limit of 0.1 g/L.  
 
b Qualifier J indicates an estimated concentration below the quantitation limit of 1.0 g/L for purge-and-trap analyses at the AGEM 

Laboratory. 
 
c Access to well denied. 
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TABLE 3.2  Historical carbon tetrachloride concentrations at selected monitoring wells. 

  
 

Carbon Tetrachloride (µg/L) 

           

Sampling Point 
1997 
June 

1997 
August 

1998 
March 

1998 
September 

1999 
April 

2005 
May 

2008 
October 

2009 
June 

2010 
August 

2011 
June 

      
      
Western lobe of the plume     
     
MW-F 180 97 –a 82 180 445 361 – 249 – 
MW-L < 5 8.1 – 9.5 26 64 21 23 80.4 82 
      
      
Eastern lobe of the plume     
     
MW-J 11 16 1.7 23 15 13 32 13 30.7 18 
MW-M 90 37 – 38 91 112 106 84 158 97 

  
 
a No sample collected for carbon tetrachloride analysis during this sampling event, at this location. 
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TABLE 3.3  Results of trend analysis based on all available data. 

  
 

Carbon Tetrachloride (µg/L)a Mann-Kendall Trend Analysis Results 
             

Sampling 
Point 1997 1998 1999 2005 2008 2009 2010 2011 

Mann- 
Kendall  

Statistic (S) 

Coefficient 
of 

Variationb 
Confidence 
in Trendc 

Carbon 
Tetrachloride 
Concentratio

n Trendd 
             

Western lobe of the plume           
MW-F 138.5 82 180 445 361 –e 249 – 7 0.577 86% No trend 
MW-L 4.1 9.5 26 64 21 23 80.4 82 20 0.818 99% Increasing 
Eastern lobe of the plume           
MW-J 13.5 12.4 15 13 32 13 30.7 18 9 0.443 83% No trend 
MW-M 63.5 38 91 112 106 84 158 97 12 0.377 91% Probably 

increasing  
             
 
a Annual value. If multiple measurements occurred within a year, an average value is used as an annual value. 
 

b Statistic measure of how the individual carbon tetrachloride concentrations vary about the mean value at each sampling point. 
 
c Statistical probability that the carbon tetrachloride concentration is increasing (S > 0) or decreasing (S < 0). 
 
d Concentration trend for each sampling point as determined by the MAROS Mann-Kendall analysis decision matrix (MAROS version 2.2; http://www.gsi-

net.com/en/software/free-software/maros.html). 
 
e No concentration data are available for the year. 
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TABLE 3.4  MAROS Mann-Kendall analysis decision matrix.a 

   
Mann-Kendall 

Statistic Confidence in Trend 
Concentration 

Trend 
   
   

S > 0 > 95% Increasing 
S > 0 90-95% Probably increasing 
S > 0 < 90% No trend 
S ≤ 0 < 90% and coefficient of variance ≥ 1 No trend 
S ≤ 0 < 90% and coefficient of variance < 1 Stable 

S < 0 90-95% 
Probably 

decreasing 
S < 0 > 95% Decreasing 
   
 
a MAROS version 2.2 (http://www.gsi-net.com/en/software/ 

free-software/maros.html). 
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FIGURE 3.1  Distribution of carbon tetrachloride in groundwater at Agra, as determined in June 2011 annual sitewide monitoring. 
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FIGURE 3.2  Historical distribution of carbon tetrachloride in groundwater at the joint sitewide monitoring locations at Agra, 2005-2011. Data for 
2005, 2008, 2009, and 2011 are from the CCC/USDA-Argonne targeted investigation (2005), pre-IM baseline sampling (2008), first sitewide 
monitoring (2009), and third sitewide monitoring (2011). Data for 2010 are from the Pro-Ag second sitewide monitoring (except for the PWS-4 
result). 



Agra 2011 Sitewide Monitoring 3-13 
Version 02, 09/18/12  

 
 

 
FIGURE 3.3  Groundwater level elevations at Agra on June 28, 2011, as interpreted from manually 
recorded data.  
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FIGURE 3.4  Isoconcentration map based on analytical results for carbon tetrachloride in groundwater samples collected in June 2011. 
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FIGURE 3.5  Historical carbon tetrachloride concentrations over the years 1997-2011 at four wells selected for trend analysis  
(MW-F and MW-L along the western lobe of the plume and MW-J and MW-M along the eastern lobe). 

 

0.0

20.0

40.0

60.0

80.0

100.0

120.0

140.0

160.0

180.0

1996 1998 2000 2002 2004 2006 2008 2010 2012

CT
 C
on

ce
nt
ra
tio

n 
(µ
g/
L)

Year

CT Concentration vs. Time for Four Selected Wells  

MW‐L

MW‐J

MW‐M



Agra 2011 Sitewide Monitoring 4-1 
Version 01, 08/19/11  

 
 

4  Future Actions 

The next KDHE-approved joint sitewide groundwater monitoring event is scheduled for 

June 2012. In keeping with the joint agreement, Pro-Ag and its technical consultants will be 

conducting the sampling effort.  
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Appendix A: 

Sequence of Activities during the June 2011 Sitewide Monitoring Event, 
Field Measurements on Groundwater Samples,  

and Quality Control Summary 
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TABLE A.1  Sequence of sitewide monitoring activities at Agra in June 2011. 

           
Sample  Sample Depth  Sample Chain of Shipping  

Date Time Location (ft BGL) Sample Type Custody Date Sample Description 
              
           
6/6/11 11:33 MW-R 44.45-63.95 AGMWR-W-30292 MW 2968 6/7/11 Depth to water = 38.71 ft. Depth of 2-in. well = 

63.95 ft. Sample collected by using low-flow 
bladder pump after purging of 5.5 L. Pump 
intake positioned at 54.2 ft. 

6/6/11 11:43 GW3 43-53 AGGW3-W-30300 MW 2968 6/7/11 Depth to water = 37.88 ft BGL. Depth of 1-in. 
well = 52.07 ft. Sample collected by using 
Waterra pump after purging of 7 L.  

6/6/11 12:12 GW4 43-53 AGGW4-W-30301 MW 2968 6/7/11 Depth to water = 39.00 ft BGL. Depth of 1-in. 
well = 51.81 ft. Sample collected by using 
Waterra pump after purging of 6 L.  

6/6/11 12:41 MW-Q 43.28-62.78 AGMWQ-W-30291 MW 2968 6/7/11 Depth to water = 38.34 ft. Depth of 2-in. well = 
62.78 ft. Sample collected by using low-flow 
bladder pump after purging of 7 L. Pump 
intake positioned at 53 ft. 

6/6/11 12:43 GW5 43-53 AGGW5-W-30302 MW 2968 6/7/11 Depth to water = 38.06 ft BGL. Depth of 1-in. 
well = 51.75 ft. Sample collected by using 
Waterra pump after purging of 6.5 L.  

6/6/11 14:07 GW1 43-53 AGGW1-W-30298 MW 2968 6/7/11 Depth to water = 38.05 ft BGL. Depth of 1-in. 
well = 51.90 ft. Sample collected by using 
Waterra pump after purging of 7 L.  

6/6/11 14:27 KMW03 74-89 AGKMW3-W-30284 MW 2968 6/7/11 Depth to water = 39.65 ft. Depth of 2-in. well = 
89 ft. Sample collected by using low-flow 
bladder pump after purging of 5.75 L. Pump 
intake positioned at 81.5 ft. 

6/6/11 14:29 GW2 43-53 AGGW2-W-30299 MW 2968 6/7/11 Depth to water = 39.28 ft BGL. Depth of 1-in. 
well = 52.04 ft. Sample collected by using 
Waterra pump after purging of 6 L.  

6/6/11 14:40 MW-P 35.42-54.92 AGMWP-W-30290 MW 2968 6/7/11 Depth to water = 38.08 ft. Depth of 2-in. well = 
54.92 ft. Sample collected by using low-flow 
bladder pump after purging of 6 L. Pump 
intake positioned at 45.17 ft. 

6/6/11 15:58 MW-M 59-69 AGMWM-W-30289 MW 2968 6/7/11 Depth to water = 41.46 ft. Depth of 2-in. well = 
69 ft. Sample collected by using low-flow 
bladder pump after purging of 9 L. Pump 
intake positioned at 64 ft. 

 



 

 
 

A
gra 2011 Sitew

ide M
onitoring 

A
-3 

V
ersion 01 , 08/19/11  

TABLE A.1  (Cont.) 

           
Sample  Sample Depth  Sample Chain of Shipping  

Date Time Location (ft BGL) Sample Type Custody Date Sample Description 
              
           
6/6/11 16:58 MW-C 35-55 AGMWC-W-30285 MW 2968 6/7/11 Depth to water = 39.15 ft. Depth of 2-in. well = 

55 ft. Sample collected by using low-flow 
bladder pump after purging of 5.5 L. Pump 
intake positioned at 45 ft. 

6/6/11 17:10 KMW02 57-55 AGKMW2-W-30283 MW 2968 6/7/11 Depth to water = 40.41 ft. Depth of 2-in. well = 
97 ft. Sample collected by using low-flow 
bladder pump after purging of 7 L. Pump 
intake positioned at 77 ft. 

6/6/11 17:11 KMW02 57-97 AGKMW2DUP-W-30303 MW 2968 6/7/11 Replicate of sample AGKMW2-W-30283. 
6/6/11 17:15 QC – AGQCIR-W-30305 RI 2968 6/7/11 Rinsate of decontaminated sampling line after 

collection of sample AGMWC-W-30285. 
6/6/11 17:55 QC – AGQCIR-W-30306 RI 2968 6/7/11 Rinsate of decontaminated sampling line after 

collection of sample AGKMW2-W-30283 and 
replicate AGKMW2DUP-W-30303. 

6/7/11 8:24 PWS-4 88-127 AGPWS4-W-30296 PW 2969 6/7/11 School had been irrigating football field most of 
yesterday and was pumping morning of 
arrival. 

6/7/11 8:41 PWS-3 65-125 AGPWS3-W-30295 PW 2969 6/7/11 Well turned on and purged of 100 gal prior to 
sampling. 

6/7/11 9:02 SB36 42.7-62.7 AGSB36-W-30294 MW 2969 6/7/11 Depth to water = 34.96 ft. Depth of 4-in. well = 
62.70 ft. Sample collected by using low-flow 
bladder pump after purging of 7 L. Pump 
intake positioned at 52.7 ft. 

6/7/11 9:02 SB36 42.7-62.7 AGSB36DUP-W-30304 MW 2969 6/7/11 Replicate of sample AGSB36-W-30294. 
6/7/11 10:14 MW-H 43-53 AGMWH-W-30286 MW 2969 6/7/11 Depth to water = 41.62ft. Depth of 2-in. well = 

53 t. Sample collected by using low-flow 
bladder pump after purging of 7 L. Pump 
intake positioned at 48 ft. 

6/7/11 10:40 SB23S 49-55 AGSB23S-W-30293 MW 2969 6/7/11 Depth to water = 27.90 ft. Depth of 1 in. well = 
55 ft. Sample collected by using low-flow 
bladder pump after purging of 13 L. Pump 
intake positioned at 52 ft. 
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TABLE A.1  (Cont.) 

           
Sample  Sample Depth  Sample Chain of Shipping  

Date Time Location (ft BGL) Sample Type Custody Date Sample Description 
              
           
6/7/11 11:22 MW-J 56-66 AGMWJ-W-30287 MW 2969 6/7/11 Depth to water = 39.15 ft. Depth of 2-in. well = 

66 ft. Sample collected by using low-flow 
bladder pump after purging of 7 L. Pump 
intake positioned at 61 ft. 

6/7/11 11:30 QC – AGQCTB-W-30315 TB 2969 6/7/11 Trip blank sent to the AGEM Laboratory for 
organic analysis with water samples listed on 
chain-of-custody forms 2968 and 2969. 

6/7/11 12:00 DW98 – AGDW98-NS-Jun2011 DW – – Well not sampled. Access denied by owner. 
6/7/11 12:27 MW-L 70-80 AGMWL-W-30288 MW 2969 6/7/11 Depth to water = 41.42 ft. Depth of 2-in. well = 

77.20 ft. Sample collected by using low-flow 
bladder pump after purging of 6 L. Pump 
intake positioned at 75 ft. 
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TABLE A.2  Field measurements made during sitewide monitoring in June 2011. 

   
Oxidation- 

Dissolved Reduction 
Sample Depth Temperature Conductivity Oxygen Potential 

Location Sample Date (ft BGL) (C) pH (µS/cm) (mg/L) (mV) 
                
   
GW1 AGGW1-W-30298 6/6/11 43-53 20.2 7.3 1756 10.00 70 
GW2 AGGW2-W-30299 6/6/11 43-53 18.7 7.4 1115 9.67 72 
GW3 AGGW3-W-30300 6/6/11 43-53 18.4 7.5 1239 9.10 100 
GW4 AGGW4-W-30301 6/6/11 43-53 19.1 7.4 778 9.00 102 
GW5 AGGW5-W-30302 6/6/11 43-53 17.3 7.2 1339 8.67 109 
KMW02 AGKMW2-W-30283 6/6/11 57-97 10.4 7.1 797 7.85 174 
KMW03 AGKMW3-W-30284 6/6/11 74-89 16.3 7.1 753 7.28 162 
MW-C AGMWC-W-30285 6/6/11 35-55 18.1 7.1 1446 8.08 81 
MW-M AGMWM-W-30289 6/6/11 59-69 17.2 6.9 772 6.28 95 
MW-P AGMWP-W-30290 6/6/11 35.42-54.92 15.6 7.1 1218 8.68 166 
MW-Q AGMWQ-W-30291 6/6/11 43.28-62.78 12.2 7.2 602 7.17 236 
MW-R AGMWR-W-30292 6/6/11 44.45-63.95 15.6 7.2 747 7.52 269 
MW-H AGMWH-W-30286 6/7/11 43-53 15.1 7.0 1401 4.34 163 
MW-J AGMWJ-W-30287 6/7/11 56-66 13.1 7.1 870 7.72 154 
MW-L AGMWL-W-30288 6/7/11 70-80 15.8 7.0 1261 5.29 150 
PWS-3 AGPWS3-W-30295 6/7/11 65-125 14.5 7.3 785 5.88 262 
PWS-4 AGPWS4-W-30296 6/7/11 88-127 15.8 7.3 859 7.70 185 
SB23S AGSB23S-W-30293 6/7/11 49-55 15.0 7.0 715 10.27 139 
SB36 AGSB36-W-30294 6/7/11 42.7-62.7 16.3 6.7 822 7.44 176 
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TABLE A.3  Analytical results from the AGEM Laboratory for quality control samples 
collected to monitor sample collection and handling activities at Agra in June 2011. 

            
Concentration (µg/L) 

   
Sample Carbon Methylene 

Date Sample Type Tetrachloride Chloroform Chloride 
              
   
6/6/11 AGQCIR-W-30305 Equipment rinsate NDa ND ND 
6/6/11 AGQCIR-W-30306 Equipment rinsate ND ND ND 
6/7/11 AGQCTB-W-30315 Trip blank ND ND ND 
            
   
a ND, not detected at an intrument detection limit of 0.1 µg/L. 
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TABLE A.4  Analytical results from the AGEM Laboratory for dual analyses of samples collected at Agra in 
June 2011. 

              
Concentration (µg/L) 

  
Sample Analysis Carbon Methylene 

Date Location Sample Type Tetrachloride Chloroform Chloride 
              
   
6/6/11 GW1 AGGW1-W-30298 Primary sample 37 4.9 NDa 
6/6/11 GW1 AGGW1-W-30298DUP Duplicate analysis 38 5.0 ND 
6/6/11 KMW02 AGKMW2-W-30283 Primary sample ND ND ND 
6/6/11 KMW02 AGKMW2DUP-W-30303 Replicate ND ND ND 
6/7/11 PWS-3 AGPWS3-W-30295 Primary sample 9.8 0.4 Jb ND 
6/7/11 PWS-3 AGPWS3-W-30295DUP Duplicate analysis 10 ND ND 
6/7/11 SB36 AGSB36-W-30294 Primary sample 9.6 0.6 J ND 
6/7/11 SB36 AGSB36DUP-W-30304 Replicate 9.3 0.6 J ND 
              
   
a ND, contaminant not detected at an instrument detection limit of 0.1 µg/L. 
 
b Qualifier J indicates an estimated concentration below the purge-and-trap method quantitation limit of 1.0 µg/L. 
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TABLE A.5  Analytical results for groundwater samples collected in June 2011 and submitted for verification organic 
analysis.a 

                    
Concentration (µg/L) 

     
AGEM Laboratory TestAmerica, Inc. 

   
Sample Carbon Methylene Carbon Methylene 

Location Sample Date Tetrachloride Chloroform Chloride Tetrachloride Chloroform Chloride 
                    
   
GW3 AGGW3-W-30300 6/6/11 1,777 15 NDb 1600 12 ND 
MW-C AGMWC-W-30285 6/6/11 ND ND ND 0.16 Jc Bd ND ND 
MW-P AGMWP-W-30290 6/6/11 222 5.9 ND 240 6.1 ND 
PWS-4 AGPWS4-W-30296 6/7/11 33 1.0 ND 24 0.95 ND 
QC AGQCTB-W-30315 6/7/11 ND ND ND 0.064 J B ND ND 
                    
 
a TestAmerica verification data are in Supplement 2 (on CD). 
 
b ND, contaminant not detected at an instrument detection limit of 0.1 µg/L. 
 
c Qualifier J indicates an estimated concentration below the method quantitation limit of 1.0 µg/L for analyses at the AGEM Laboratory 

or 0.5 µg/L for analyses at TestAmerica, Inc. 
 
d Qualifier B indicates that the contaminant was present in the assoicated laboratory method blank. 
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TABLE B.1  Summary of results for sitewide groundwater monitoring wells, 2005-2011.a 
                        

   
2005 Targeted Investigation 2008 Pre-IM Plume Update/Baseline 2009 First Sitewide Monitoring 

CCC/USDA CCC/USDA CCC/USDA 
   
   Concentration (µg/L) Concentration (µg/L) Concentration (µg/L) 

Screen Filter Pack Total KGS Depth to Depth to Depth to
Interval Interval Depth Registration Sample Water Carbon Sample Water Carbon Sample Water Carbon 

Well (ft BGL) (ft BGL) (ft TOC) Number Date (ft TOC) Tetrachloride Chloroform Date (ft TOC) Tetrachloride Chloroform Date (ft TOC) Tetrachloride Chloroform 
                                            
   
Joint KMW02 57-97 20-97 99 45580 5/19/05 47.7 0.4 Jb 0.3 J 10/29/08 45 NDc ND 6/16/09 41.8 0.2 J 0.3 J 
Joint MW-C 35-55 33-55 55 118623 5/22/05 43.59 ND ND 10/29/08 40.4 ND ND 6/15/09 39 ND ND 
Joint MW-H 43-53 41-53 53 118620 5/25/05 46.26 ND 0.7 J 10/28/08 43.3 ND ND 6/15/09 42.1 ND 0.3 J 
Joint MW-J 56-66 54-66 66 118618 5/21/05 44.2 13 ND 10/29/08 40 32 0.3 J 6/16/09 39.45 13 0.1 J 
Joint MW-L 70-80 68-80 80 118616 5/22/05 46.21 64 1.7 10/28/08 43.6 21 0.9 J 6/16/09 42.05 23 1.1 
Joint MW-M 59-69 57-75 75 118510 5/25/05 46.52 112 1.9 10/29/08 44.6 106 2.4 6/15/09 42.8 84 1.5 
Joint MW-R 44.45-63.95 38-66 66 353498 5/20/05 46.88 ND ND 10/28/08 41.5 ND ND 6/15/09 39.22 ND ND 
Joint PWS-3 65-125 – 125 – 6/3/05 – ND ND – – – – 6/16/09 – 7.6 ND 
Joint PWS-4 88-127 – 127 – – – – – – – – – – – – – 
Joint SB23S 49-55 48-55 55 321229 5/20/05 34 1.5 ND – – – – 6/16/09 30.5 59 0.8 J 
Joint SB36 42.7-62.7 40-64.7 62.7 108165 6/2/05 40.73 5.1 0.4 J – – – – 6/16/09 37.15 5.1 0.4 J 
Joint DW98 – – – – 6/3/05 – 0.3 J 0.2 J – – – – 6/16/09 39.4 0.4 J 0.4 J 
   
Argonne KMW03 74-89 24-89 89 45583 5/21/05 46.71 ND ND 10/28/08 43.3 2.1 ND 6/16/09 39.47 ND ND 
Argonne MW-P 35.42-54.92 31-59 59 353496 6/13/05 46.38 423 3.5 10/28/08 42.35 318 5.5 6/16/09 38.65 260 11 
Argonne MW-Q 43.28-62.78 38-69 69 353497 5/21/05 46.58 0.5 J ND 10/28/08 42.3 1.3 ND 6/16/09 39.11 0.8 J ND 
Argonne GW-1 43-53 41-53 53 426347 – – – – – – – – 5/20/09 38.75 114 8.1 
Argonne GW-2 43-53 41-53 53 426346 – – – – – – – – 5/20/09 39.15 6,090 46 
Argonne GW-3 43-53 41-53 53 426345 – – – – – – – – 5/20/09 39 9,198 28 
Argonne GW-4 43-53 41-53 53 426344 – – – – – – – – 5/20/09 40.1 127 2.3 
Argonne GW-5 43-53 41-53 53 426343 – – – – – – – – 5/20/09 39.05 ND ND 
   
Pro-Ag KMW01 43-53 20-63 65 45581 5/18/05 49.34 54.4 2.7 10/29/08 43.5 27 2.3 – – – – 
Pro-Ag MW-2 40-60 38-60 60 118626 5/24/05 48.93 59 2.4 10/29/08 45.9 17 1.6 – – – – 
Pro-Ag MW-F 65-75 63-85 85 118622 5/25/05 48.83 445 4.4 10/29/08 45.8 361 2.7 – – – – 
Pro-Ag MW-G 89-99 87-100 100 118621 5/24/05 47.3 25 2.3 10/28/08 44.5 ND ND – – – – 
Pro-Ag MW-I 36-71 34-71 71 426344 5/16/05 46.51 0.2 J ND 10/28/08 42.9 ND 0.7 J – – – – 
Pro-Ag MW-O 38-58 38-58 58 119090 5/22/05 45.75 0.9 J ND 10/28/08 42.7 1.3 ND – – – – 
Pro-Ag PMW-01 49-59 47-59 59 427877 – – – – – – – – 9/28/09 – 144 5.6 
Pro-Ag PMW-02 49-59 47-59 59 427825 – – – – – – – – 9/28/09 – 33.1 2.2 
Pro-Ag PMW-03 52.5-62.5 50.5-62.5 62.5 427824 – – – – – – – – 9/28/09 – 19 ND 
Pro-Ag PMW-04 53-63 51-63 63 427963 – – – – – – – – 9/28/09 – 98.2 1.2 
Pro-Ag PMW-05 54.5-64.5 52.5-64.5 64.5 427962 – – – – – – – – 9/28/09 – 191 2.7 
Pro-Ag PMW-06 49-59 47-59 59 427964 – – – – – – – – 9/28/09 – 149 2.5 
Pro-Ag PMW-07 70-75 68-75 75 427961 – – – – – – – – 9/28/09 – 12.2 2.8 
Pro-Ag PMW-09 55-65 53-65 65 433967 – – – – – – – – – – – – 
Pro-Ag PMW-10 45.5-55.5 43.5-55.5 55.5 433970 – – – – – – – – – – – – 
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TABLE B.1  (Cont.) 

   
2010 Second Sitewide Monitoring 2010 Second Sitewide Monitoring 2011 Third Sitewide Monitoring 

Pro-Ag (Official Results) Argonne Split Sampling Results CCC/USDA 
    

Concentration (µg/L) Concentration (µg/L) Concentration (µg/L) 
   Depth to Depth to 

Sample Carbon Sample Water Carbon Sample Water Carbon 
Well Date Tetrachloride Chloroform Date (ft TOC) Tetrachloride Chloroform Date (ft TOC) Tetrachloride Chloroform 

                                
   
Joint KMW02 8/4/10 ND ND 8/4/10 43.06 ND 0.2 J 6/6/11 40.41 ND ND 
Joint MW-C 8/3/10 NDd ND 8/3/10 38.5 ND ND 6/6/11 39.15 ND ND 
Joint MW-H 8/3/10 ND ND 8/3/10 41.25 ND ND 6/7/11 41.62 ND ND 
Joint MW-J 8/3/10 30.7 ND 8/3/10 39.5 28 0.3 J 6/7/11 39.15 18 ND 
Joint MW-L 8/3/10 80.4 ND 8/3/10 41.55 60 2.1 6/7/11 41.42 82 2.1 
Joint MW-M 8/3/10 158 ND 8/3/10 42.35 104 1.9 6/6/11 41.46 97 1.9 
Joint MW-R 8/3/10 ND ND 8/3/10 38.7 ND ND 6/6/11 38.71 ND ND 
Joint PWS-3 8/5/10 6.97 ND 8/5/10 – 9.1 ND 6/7/11 – 9.8 0.4 J 
Joint PWS-4 – – – 8/3/10 – 26 0.8 J 6/7/11 – 33 1.0 
Joint SB23S 8/5/10 53.2 ND 8/5/10 29.3 73 0.8 J 6/7/11 27.9 70 0.9 J 
Joint SB36 8/5/10 4.86 ND 8/5/10 37.3 6.4 ND 6/7/11 34.96 9.6 0.6 J 
Joint DW98 8/5/10 ND ND 8/5/10 38.5 ND ND – e  
   
Argonne KMW03 – – 6/16/10 40.48 ND ND 6/6/11 39.65 ND ND 
Argonne MW-P – – 6/16/10 38.59 259 6.0 6/6/11 38.08 222 5.9 
Argonne MW-Q – – – – – – 6/6/11 38.34 0.5 J ND 
Argonne GW-1 – – 6/16/10 37.32 26 4.1 6/6/11 38.05 37 4.9 
Argonne GW-2 – – 6/16/10 39.3 500 13 6/6/11 39.28 2,900 20 
Argonne GW-3 – – 6/16/10 37.7 119 7.1 6/6/11 37.88 1,777 15 
Argonne GW-4 – – 6/16/10 39.25 97 ND 6/6/11 39 112 1.4 
Argonne GW-5 – – 6/16/10 38.3 ND ND 6/6/11 38.06 0.4 J ND 
   
Pro-Ag KMW01 8/3/10 24 1.2 8/3/10 41.35 24 2.9 – – – – 
Pro-Ag MW-2 8/3/10 10.9 ND 8/3/10 40.26 11 1.5 – – – – 
Pro-Ag MW-F 8/3/10 249 ND 8/3/10 43.7 232 1.6 – – – – 
Pro-Ag MW-G 8/3/10 13.6 ND 8/3/10 42.9 13 2.5 – – – – 
Pro-Ag MW-I 8/3/10 ND ND 8/3/10 41.75 ND 1.4 – – – – 
Pro-Ag MW-O 8/3/10 ND ND 8/3/10 40.7 0.9 J ND – – – – 
Pro-Ag PMW-01 8/4/10 147 5.18 8/4/10 43.87 119 5.9 – – – – 
Pro-Ag PMW-02 8/4/10 22.8 ND 8/4/10 41 28 1.3 – – – – 
Pro-Ag PMW-03 8/4/10 12.1 ND 8/4/10 43.35 16 1.0 – – – – 
Pro-Ag PMW-04 8/4/10 131 ND 8/4/10 40.87 117 2.1 – – – – 
Pro-Ag PMW-05 8/4/10 174 2.06 8/4/10 41.35 158 3.0 – – – – 
Pro-Ag PMW-06 8/4/10 124 ND 8/4/10 43.95 82 2.4 – – – – 
Pro-Ag PMW-07 8/4/10 49.5 ND 8/4/10 44.85 56 1.2 – – – – 
Pro-Ag PMW-09 8/3/10 214 4.97 8/3/10 41.72 199f 5.6 – – – – 
Pro-Ag PMW-10 8/4/10 2.9 ND 8/4/10 42.86 3.6 1.8 – – – – 
                                
 
a Abbreviations:  BGL, below ground level; KGS, Kansas Geological Survey; TOC, below top of casing. 
 
b Qualifier J indicates an estimated concentration below the method quantitation limit. 
 
c ND, not detected. 
 
d Value of 10.9 reported in a table. Data sheets show no detection. 
 
e Access denied. 
 
f Outside calibration range. Insufficient sample volume for reanalysis. 
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Supplement 1: 

Waste Characterization Data 
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Supplement 2: 

Sample Documentation from TestAmerica Laboratories, Inc. 
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