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Sitewide Monitoring at Agra, Kansas, June 2009 

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, although they remain available for uses other than drinking water. Other public wells, 
outside the area of contamination, supply drinking water for the city of Agra. 

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 Producers Agricultural Marketing Association, Inc., property located to the 
south (Argonne 2006). The contaminant plume extends to the southeast, toward well PWS-3, 
from the identified source areas. 

Both the CCC/USDA and Pro-Ag Marketing are currently implementing KDHE-
approved interim measures (IMs). To address the contamination identified on its former 
property, the CCC/USDA is implementing a source control IM consisting of large-diameter 
boreholes (LDBs) coupled with soil vapor extraction (SVE) and air sparging (AS). Pro-Ag 
Marketing plans to use groundwater extraction to address the downgradient plume. The 
CCC/USDA and Pro-Ag completed installation of the two interim measures in May 2009 and 
August 2009, respectively. The performance and assessments of the effectiveness of the IMs are 
being reported separately by the responsible entities. 

As part of the IM process, the KDHE (2008) requested the development of a joint 
sitewide groundwater monitoring plan to allow periodic assessment of the effectiveness of the 
separate IMs being implemented by the CCC/USDA and Pro-Ag, through monitoring of the level 
of contamination and the resulting change in both the extent and internal configuration of the 
downgradient plume. A Joint Work Plan for Sitewide Monitoring was developed by the 
CCC/USDA through its technical consultant, Argonne National Laboratory, and was reviewed, 
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approved, and signed by Pro-Ag Marketing and subsequently submitted to the KDHE on 
May 12, 2009. 

The KDHE (2009a) provided comments on the Joint Work Plan on May 27, 2009, 
requesting submission of a revised version. To minimize delays, the KDHE allowed the 
CCC/USDA to proceed with the scheduled annual sampling proposed in the Joint Work Plan. 
The sampling was to be conducted according to the previously approved low-flow sampling 
methodology (Argonne 2009). Argonne conducted the first annual sampling event for the 
CCC/USDA on June 15-16, 2009. The finalized, signed version of the Joint Work Plan provided 
to the KDHE on November 9, 2009, is in Appendix A. 

Table 1.1 lists the monitoring and public water supply wells to be sampled under the Joint 
Work Plan, plus the wells being sampled to monitor the respective IMs. The entity responsible 
for each monitoring element is indicated, along with well completion dates and well registration 
numbers. 

The subject of this report is the initial sitewide groundwater sampling event that occurred 
on June 15-16, 2009, under the Joint Work Plan. 
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TABLE 1.1  Wells to be sampled in the annual sitewide monitoring and IM monitoring programs at 
Agra. 

         
    Depth (ft BGL)   

   Casing      
Sampling   Diameter Screen Flter 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 – – 4/30/1954 – 
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 — 13 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 
                  
         
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 15-16, 
2009, involved the 11 designated joint sitewide groundwater monitoring wells (marked with 
purple boxes in Figure 2.1), plus wells MW-P, MW-Q, and KMW03 (being sampled by the 
CCC/USDA to monitor its IM — also shown in Figure 2.1). Per agreement with the KDHE 
(2009b), the May 2009 results for the 5 groundwater wells installed on the former CCC/USDA 
property to monitor the source control IM (GW-1 through GW-5) are considered part of the June 
2009 annual monitoring event; resampling of those wells in June was not required, although the 
water levels were measured. Wells GW-1 through GW-5 lie close together in the CCC/USDA 
remediation area, near well MW-P; they are shown in Figure 2.2. 

The May-June 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 following procedure was followed for each well sampled: 

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. 
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3. Polyethylene tubing was used to connect the bladder pump to an in-line flow 
cell. Formation parameters, including pH, temperature, specific conductivity, 
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 May-June 2009 sampling event is summarized in 
Appendix B, Table B.1. The field measurements — depth, temperature, pH, conductivity, DO, 
and ORP — recovered during the sampling event are in Appendix B, Table B.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. 
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2.2  Measurement of Groundwater Levels 

In addition to the manual water level measurements made during the May-June 2009 
sampling event, data recorders have been gathering long-term data on groundwater elevations at 
selected locations throughout the investigation area (Figure 2.3) since 2005. This effort continues 
to provide information regarding potential changes in groundwater flow and gradient that is 
useful in the interpretation of inferred downgradient movement of the carbon tetrachloride 
plume. The groundwater level data are presented and discussed in Section 3.2. 

 
2.3  Handling and Disposal of Investigation-Derived Waste 

Purge water generated as potentially contaminated investigation-derived waste was 
containerized on-site in 55-gal drums during the annual sampling event. The accumulated purge 
and development water (approximately 190 gal) was sampled on September 24, 2009, and 
analyzed at a KDHE-certified laboratory (Pace Analytical Services, Lenexa, Kansas) for VOCs 
(including ethylene dibromide) and nitrates. The analytical results are in Appendix C. The 
concentrations of carbon tetrachloride, chloroform, ethylene dibromide, and nitrate were below 
the KDHE standards. No VOCs were detected, and the nitrate value was 3.4 mg/L. On 
November 18, 2009, the wastewater was taken to the Sabetha municipal water treatment facility 
for disposal, although KDHE (2009c) guidance would permit its release on the site. 

 
2.4  Quality Control for Sample Collection, Handling, and Analysis 

Quality assurance/quality control procedures followed during the June 2009 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.  
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• 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 
to monitor analytical methodologies were all free of carbon tetrachloride and 
chloroform contamination.  

• 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, as shown in Appendix D, Table D.1, 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 D, Table D.2. The results of the dual analyses 
compare well, with average relative percent difference values for carbon 
tetrachloride and chloroform of approximately 5% and 13%, respectively, 
indicating consistency in the sampling and analytical methodologies. 
Analytical results for quality control samples are also in Appendix D, 
Table D.2. 

• 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. Documentation is in Appendix D. The 
results from the two laboratories compare favorably over the range of 
contaminant concentrations detected.  
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FIGURE 2.1  Proposed locations (purple boxes) for joint yearly monitoring. Also shown are wells KMW03, MW-P, and MW-Q, which are sampled 
to monitor the CCC/USDA source control IM, and wells KMW01, MW-2, MW-F, MW-G, MW-I, and MW-O, which are sampled to monitor the  
Pro-Ag Marketing IM.  
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FIGURE 2.2  Proposed locations of large-diameter borehole installations on the former CCC/USDA facility at Agra, with proposed locations for IM-related groundwater monitoring wells and soil gas  
monitoring wells. 
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FIGURE 2.3  Permanent groundwater sampling locations and data logger locations at Agra, as of  
June 2009. 
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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 May-June 
2009 are in Table 3.1. For comparison, Table 3.2 represents a comprehensive summary of 
CCC/USDA results for carbon tetrachloride and chloroform in groundwater, beginning with the 
2005 targeted investigation and continuing through the October 2008 pre-remedial baseline study 
and the May-June 2009 sitewide monitoring. A map illustrating the current levels and 
distribution of carbon tetrachloride contamination in groundwater, based on the results of the 
May-June 2009 sitewide sampling, is in Figure 3.1. This map includes the locations of the 
September 2009 Pro-Ag Marketing monitoring well installations for the sake of completeness. A 
separate report of the results of the September 2009 sampling event will be provided to the 
KDHE by Pro-Ag.  

Comparison of the carbon tetrachloride levels in groundwater during the 2008 pre-
remedial baseline study and in May-June 2009, after the installation of the SVE/AS remedial 
system (Table 3.2), indicates mixed results to date. Installation of the LDB/SVE/AS pilot test 
was initiated in December 2008 and completed in January 2009. Subsequently, during the period 
May 13-16, 2009, five groundwater monitoring wells (GW-1 through GW-5) were installed on 
the former CCC/USDA property to track the performance of the approved pilot system. The 
official start-up date for the SVE/AS system was May 29, 2009.  

 At the time of the initial annual sitewide sampling event, the CCC/USDA pilot test had 
been in operation for a period of less than one month (May 29 to June 15-16, 2009). The sitewide 
monitoring in June 2009 was the initial sampling event (Table 3.2) for newly installed wells 
GW-1 through GW-5, at the treatment area locations shown in Figure 2.2. The nearest previous 
groundwater sampling occurred at location SB46 during the 2005 investigation. The maximum 
carbon tetrachloride concentration in groundwater at location SB46 in 2005 was 1,710 μg/L 
(Argonne 2006). The higher concentrations measured in June 2009 in wells GW-2 (6,090 μg/L) 
and GW-3 (9,198 μg/L) are consistent with the interpretation illustrated in Figure 2.1 (based on 
the 2005 results) of a high-concentration area centered slightly to the south of location SB46. 



Agra 2009 Sitewide Monitoring 3-2 
Version 02, 06/10/10 

 

Continuing monitoring of the treatment area wells will indicate the progress of the CCC/USDA 
source control effort. 

In general, the slight reductions in the levels of carbon tetrachloride observed in the 
downgradient wells nearest the remedial system could potentially be attributable to the effects of 
the SVE/AS system. Well MW-P, located along the southern margin of the former facility, 
exhibited a subtle reduction in contaminant levels, from 318 µg/L during the 2008 baseline study 
to 260 µg/L in the June 2009 sampling (Table 3.2). The proximity of MW-P to the recently 
installed SVE/AS remediation pilot could account for this early indication of contaminant 
reduction. Subsequent sampling events will be necessary to verify this hypothesis. Additional 
reductions noted in downgradient locations proximal to the pilot test area, such as MW-Q and 
MW-J, are too low to be considered of significance at this time (Table 3.2 and Figure 3.1).  

The results of the May-June 2009 annual sampling event revealed more significant 
changes in the internal configuration and extent of the carbon tetrachloride plume than the subtle 
changes observed proximal to the remediation pilot test area on the former CCC/USDA facility. 
Results for monitoring wells MW-L and MW-M, located along the farthest extent of the 
bi-lobate plume structures internal to the plume, showed minor reductions in carbon tetrachloride 
levels from 64 µg/L to 23 µg/L and from 112 µg/L to 84 µg/L, respectively, between 2005 and 
2009.  

The most significant changes were observed at locations farther downgradient. Public 
water supply well PWS-3, in which carbon tetrachloride had previously (2005) not been 
detectable, showed an increase to 7.6 µg/L in 2009 (Table 3.2); this concentration is above the 
KDHE risk-based standard for carbon tetrachloride. The concentration at location SB36 
remained unchanged. The carbon tetrachloride concentration at location SB23S, at the farthest 
downgradient position (toe) of the plume as currently defined, increased, from 1.5 µg/L in the 
2005 investigation to 59 µg/L during the 2009 annual sitewide sampling event (Table 3.2). This 
increase might indicate an extension of the plume to the southeast. Wells SB36, PWS-3, and 
SB23S were not sampled during the 2008 baseline event, as the scope of the targeted 
investigation at that time focused on the former CCC/USDA facility and its immediate environs. 
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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 the report of the 2005 investigation (Argonne 2006), 
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 Marketing facility. Groundwater 
elevation data were recovered on July 30, 2009. The water level contour map in Figure 3.2 
confirms the south to southeasterly flow direction identified in previous investigations. 

 
TABLE 3.1  Results of CCC/USDA annual sitewide groundwater monitoring and IM-related 
monitoring in May-June 2009. 

        
   Concentration (g/L)  
       Nitrate 

Sampling  Sampling Carbon  Methylene 1,2- Nitrogen
Responsibility Well Date Tetrachloride Chloroform Chloride Dichloroethane (mg/L) 

                
        
Joint KMW02 6/16/09 0.2 Ja 0.3 J NDb ND – 
Joint MW-C 6/15/09 ND ND ND ND – 
Joint MW-H 6/15/09 ND 0.3 J ND ND – 
Joint MW-J 6/16/09 13 0.1 J ND ND – 
Joint MW-L 6/16/09 23 1.1 ND ND – 
Joint MW-M 6/15/09 84 1.5 ND ND – 
Joint MW-R 6/15/09 ND ND ND ND – 
Joint PWS-3 6/16/09 7.6 ND ND ND – 
Joint SB23S 6/16/09 59 0.8 J ND ND – 
Joint SB36 6/16/09 5.1 0.4 J ND ND – 
Joint DW98 6/16/09 0.4 J 0.4 J ND ND – 
        
Argonne KMW03 6/16/09 ND ND ND ND – 
Argonne MW-P 6/16/09 260 11 ND ND – 
Argonne MW-Q 6/16/09 0.8 J ND ND ND – 
Argonne GW-1 5/20/09 114 8.1 ND ND – 
Argonne GW-2 5/20/09 6090 46 ND ND – 
Argonne GW-3 5/20/09 9198 28 ND ND – 
Argonne GW-4 5/20/09 127 2.3 ND ND – 
Argonne GW-5 5/20/09 ND ND ND ND – 
                
        
a Qualifier J indicates an estimated concentration below the quantitation limit of 1.0 g/L for purge-and-trap 

analyses at the AGEM Laboratory. 
 
b ND, not detected at instrument detection limit of 0.1 g/L for analyses at the AGEM Laboratory or a reporting 

limit of 1.0 g/L for analyses at Pace Analytical. 
 
c 1,2-Dichloroethane detected at 5.8 g/kg in a soil sample collected during well installation at 49.5-50 ft BGL. 
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TABLE 3.2  Summary of results of CCC/USDA sitewide groundwater monitoring in 2005-2009. 

                       
   2005 Targeted Investigation  2008 Plume Update/Baseline Event  2009 Initial Sitewide Monitoring 
                       
    Depth (ft TOC)  Concentration (g/L)   Depth (ft TOC)  Concentration (g/L)   Depth (ft TOC)  Concentration (g/L) 
                       

Sampling   Sample To   Carbon   Sample To Total  Carbon   Sample To Total  Carbon  
Responsibility Well  Date Water Total  Tetrachloride Chloroform  Date Water Depth  Tetrachloride Chloroform  Date Water Depth  Tetrachloride Chloroform 

                                           
                       
Joint KMW02  5/19/05 47.7 98.34  0.4 J 0.3 J  10/29/08 45 97  ND ND  6/16/09 41.8 97  0.2 J 0.3 J 
Joint MW-C  5/22/05 43.59 52.93  ND ND  10/29/08 40.4 55  ND ND  6/15/09 39 55  ND ND 
Joint MW-H  5/25/05 46.26 51.95  ND 0.7 J  10/28/08 43.3 53  ND ND  6/15/09 42.1 53  ND 0.3 J 
Joint MW-J  5/21/05 44.2 65.14  13 ND  10/29/08 40 66  32 0.3 J  6/16/09 39.45 66  13 0.1 J 
Joint MW-L  5/22/05 46.21 74.5  64 1.7  10/28/08 43.6 75  21 0.9 J  6/16/09 42.05 75.8  23 1.1 
Joint MW-M  5/25/05 46.52 66.52  112 1.9  10/29/08 44.6 69  106 2.4  6/15/09 42.8 69  84 1.5 
Joint MW-R  5/20/05 46.88 65.5  ND ND  10/28/08 41.5 63.95  ND ND  6/15/09 39.22 63.95  ND ND 
Joint PWS-3  6/3/05 – –  ND ND  – – –  – –  6/16/09 – –  7.6 ND 
Joint SB23S  5/20/05 34 51.1  1.5 ND  – – –  – –  6/16/09 30.5 55  59 0.8 J 
Joint SB36  6/2/05 40.73 61.25  5.1 0.4 J  – – –  – –  6/16/09 37.15 62.7  5.1 0.4 J 
Joint DW98  6/3/09 – –  0.3 J 0.2 J  – – –  – –  6/16/09 39.4 59.5  0.4 J 0.4 J 
                      
Argonne KMW03  5/21/05 46.71 89.92  ND ND  10/28/08 43.3 89  2.1 ND  6/16/09 39.47 89  ND ND 
Argonne MW-P  6/13/05 46.38 58.7  423 3.5  10/28/08 42.35 54.92  318 5.5  6/16/09 38.65 54.92  260 11 
Argonne MW-Q  5/21/05 46.58 66.36  0.5 J ND  10/28/08 42.3 62.78  1.3 ND  6/16/09 39.11 62.78  0.8 J ND 
Argonne GW-1  – – –  – –  – – –  – –  5/20/09 38.75 53  114 8.1 
Argonne GW-2  – – –  – –  – – –  – –  5/20/09 39.15 53  6090 46 
Argonne GW-3  – – –  – –  – – –  – –  5/20/09 39 53  9198 28 
Argonne GW-4  – – –  – –  – – –  – –  5/20/09 40.1 53  127 2.3 
Argonne GW-5  – – –  – –  – – –  – –  5/20/09 39.05 53  ND ND 
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FIGURE 3.1  Distribution of carbon tetrachloride in groundwater at Agra, as determined in May-June 2009 annual sitewide monitoring. 
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FIGURE 3.2  Groundwater level elevations at Agra on July 30, 2009, as interpreted from automatically 
recorded data. 
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4  Future Actions 

The next KDHE-approved joint sitewide groundwater monitoring event is scheduled for 
June 2010. In keeping with the joint agreement, Pro-Ag Marketing and its technical consultants 
will be conducting the sampling effort. The 2010 effort will include the wells to be jointly 
reported, as well as the monitoring wells installed in support of the Pro-Ag remediation efforts. 
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Appendix B: 

Sequence of Activities during the May-June 2009 Sitewide Monitoring Event  
and Field Measurements on Groundwater Samples 
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TABLE B.1  Sequence of sitewide monitoring activities at Agra in May-June 2009. 

        
Sample  Sample Depth  Chain of Shipping  

Date Time Location (ft BGL) Sample Custody Date Sample Description 
            
        
5/20/09 10:13 GW-5 43-53 AGGW5-W-17925 4396 5/21/09 South of railroad track. Depth to water = 39.05 ft on May18. 

Purged dry with Waterra pump on May 18 and May 19 to 
develop. Purged dry again morning of May 20. Sampled with 
bailer in the afternoon after water level returned to 39.08 ft. 

5/20/09 11:09 GW-3 43-53 AGGW3-W-17894 4396 5/21/09 Between LDB1 and LDB3. Depth to water = 39.0 ft on May18. 
Purged dry with Waterra pump on May 18 and May 19 to 
develop. Purged dry again morning of May 20. Sampled later 
in the day with bailer after water level returned to 39.10 ft. 

5/20/09 12:53 GW-4 43-53 AGGW4-W-17895 4396 5/21/09 North of LDB5. Depth to water = 40.10 ft on May18. Purged dry 
with Waterra pump on May 18 and May 19 to develop. Purged 
dry again morning of May 20. Sampled later in the day with 
bailer after water level returned to 40.12 ft. 

5/20/09 13:41 GW-2 43-53 AGGW2-W-17806 4396 5/21/09 Between LDB2 and LDB5. Depth to water = 39.15 ft on May18. 
Purged dry with Waterra pump on May 18 and May 19 to 
develop. Purged dry again morning of May 20. Sampled later 
in the day with bailer after water level returned to 41.52 ft. 

5/20/09 13:51 GW-2 43-53 AGGW2-W-17893 4396 5/21/09 Replicate of sample AGGW2-W-17806. 
5/20/09 15:35 GW-1 43-53 AGGW1-W-17896 4396 5/21/09 West of LDB2. Depth to water = 38.75 ft on May 18. Purged dry 

with Waterra pump on May 18 and May 19 to develop. Purged 
dry again morning of May 20. Sampled later in the day with 
bailer after water level returned to 42.05 ft. 

5/20/09 15:59 QC – AGQCBR-W-17926 4396 5/21/09 Rinsate of decontaminated sampling bailer after collection of 
sample AGGW1-W-17896. 

5/20/09 16:03 QC – AGQCTB-W-17807 4396 5/21/09 Trip blank sent to the AGEM Laboratory for organic analysis with 
water samples listed on COC 4396. 

6/15/09 15:47 GW-5 43-53 AGGW5-Jun15-WL – – Sample not collected. Depth to water from TOC = 39.23 ft. Depth 
of well = 53 ft. 

6/15/09 16:04 GW-1 43-53 AGGW1-Jun15-WL – – Sample not collected. Depth to water from TOC = 39.11 ft. Depth 
of well = 53 ft. 

6/15/09 16:11 GW-3 43-53 AGGW3-Jun15-WL – – Sample not collected. Depth to water from TOC = 39.51 ft. Depth 
of well = 53 ft. 

6/15/09 16:26 GW-2 43-53 AGGW2-Jun15-WL – – Sample not collected. Depth to water from TOC = 38.95 ft. Depth 
of well = 53 ft. 

6/15/09 16:45 MW-H 43-53 AGMWH-W-17944 2519 6/17/09 Depth to water = 42.1 ft. Depth of 2-in. well = 53 ft. Sample 
collected by using low-flow bladder pump after purging of 
15 L. Pump intake positioned at 48 ft. 

6/15/09 16:46 GW-4 43-53 AGGW4-Jun15-WL – – Sample not collected. Depth to water from TOC = 39.55 ft. Depth 
of well = 53 ft. 
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TABLE B.1  (Cont.)  

        
Sample  Sample Depth  Chain of Shipping  

Date Time Location (ft BGL) Sample Custody Date Sample Description 
            
        
6/15/09 17:55 MW-C 35-55 AGMWC-W-17943 2519 6/17/09 Depth to water = 39.0 ft. Depth of 2-in. well = 55 ft. Sample 

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

6/15/09 18:24 MW-R 44.45-
63.95 

AGMWR-W-17950 2519 6/17/09 Depth to water = 39.22 ft. Depth of 2-in. well = 63.95 ft. Sample 
collected by using low-flow bladder pump after purging of 7 L. 
Pump intake positioned at 54.20 ft. 

6/15/09 20:27 MW-M 59-69 AGMWM-W-17947 2519 6/17/09 Depth to water = 42.8 ft. Depth of 2-in. well = 69 ft. Sample 
collected by using low-flow bladder pump after purging of 8 L. 
Pump intake positioned at 64 ft.  Water was silty. 

6/15/09 20:29 MW-M 59-69 AGMWMDUP-W-
17955 

2519 6/17/09 Replicate of sample AGMWM-W-17947. 

6/16/09 8:42 MW-L 70-80 AGMWL-W-17946 2519 6/17/09 Depth to water = 42.05 ft. Depth of 2-in. well = 75.8 ft. Sample 
collected by using low-flow bladder pump after purging of 6 L. 
Pump intake positioned at 73.8 ft.  Bottom silted in to 73.8 ft 
during purge. 

6/16/09 9:02 KMW03 74-89 AGKMW3-W-17942 2519 6/17/09 Depth to water = 39.47 ft. Depth of 2-in. well = 89 ft. Sample 
collected by using low-flow bladder pump after purging of 
6.5 L. Pump intake positioned at 81.5 ft. 

6/16/09 11:08 KMW02 57-97 AGKMW2-W-17941 2519 6/17/09 Depth to water = 41.8 ft. Depth of 2-in. well = 97 ft. Sample 
collected by using low-flow bladder pump after purging of 6 L. 
Pump intake positioned at 77 ft. 

6/16/09 11:14 QC – AGQCIR-W-17957 2519 6/17/09 Rinsate of decontaminated sampling line after collection of 
sample AGKMW2-W-17941. 

6/16/09 11:26 MW-Q 43.28-
62.78 

AGMWQ-W-17949 2519 6/17/09 Depth to water = 39.11 ft. Depth of 2-in. well = 62.78 ft. Sample 
collected by using low-flow bladder pump after purging of 6 L. 
Pump intake positioned at 53.03 ft. 

6/16/09 12:26 MW-J 56-66 AGMWJ-W-17945 2519 6/17/09 Depth to water = 39.45 ft. Depth of 2-in. well = 66 ft. Sample 
collected by using low-flow bladder pump after purging of 
9.4 L. Pump intake positioned at 61 ft. 

6/16/09 13:22 MW-P 35.42-
54.92 

AGMWP-W-17948 2519 6/17/09 Depth to water = 38.65 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 45.78 ft. 

6/16/09 13:40 QC – AGQCIR-W-17958 2524 6/17/09 Rinsate of decontaminated sampling line after collection of 
sample AGMWP-W-17948. 

6/16/09 14:15 QC – AGQCTB-W-17959 2519 6/17/09 Trip blank sent to the AGEM Laboratory for organic analysis with 
water samples listed on COCs 2519 and 2524. 

6/16/09 15:16 PWS-3 65-125 AGPWS3-W-17953 2524 6/17/09 Allowed well to run for 5 min prior to field measurement and 
sample collection. 
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TABLE B.1  (Cont.)  

        
Sample  Sample Depth  Chain of Shipping  

Date Time Location (ft BGL) Sample Custody Date Sample Description 
            
        
6/16/09 16:58 SB23S 49-55 AGSB23S-W-17951 2524 6/17/09 Depth to water = 30.5 ft. Depth of 1 in. well = 55 ft. Sample 

collected with Waterra pump after purging of 11.32 L (3 well 
volumes). Pump intake positioned at 52.00 ft. 

6/16/09 18:43 SB36 42.7-62.7 AGSB36-W-17952 2524 6/17/09 Depth to water = 37.15 ft. Depth of 4 in. well = 62.7 ft. Sample 
collected by using low-flow bladder pump after purging of 
11.5 L. Pump intake positioned at 52.70 ft. 

6/16/09 18:44 SB36 42.7-62.7 AGSB36DUP-W-17956 2524 6/17/09 Replicate of sample AGSB36-W-17952. 
6/16/09 20:34 DW98  AGDW98-W-17954 2524 6/17/09 Depth to water = 39.4 ft. Depth of 8 in. well = 59.5 ft. Sample 

collected by using low-flow bladder pump after purging of 
26.5 L. Pump intake positioned at 53 ft. 
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TABLE B.2  Field measurements made during sitewide monitoring in May-June 2009. 

                  
        Oxidation- 
       Dissolved Reduction 
  Sampling Depth to Water Temperature  Conductivity Oxygen Potential 

Location Sample Date (ft TOC)a (°C) pH (µS/cm) (mg/L) (mV) 
         

         
GW-1 AGGW1-W-17896 5/20/09 38.75 16.6 7.31 1570 9.54 200 
GW-2 AGGW2-W-17806 5/20/09 39.15 17.5 7.31 1313 9.81 195 
GW-3 AGGW3-W-17894 5/20/09 39.00 16.8 7.31 1205 9.85 207 
GW-4 AGGW4-W-17895 5/20/09 40.10 17.0 7.25 995 10.06 194 
GW-5 AGGW5-W-17925 5/20/09 39.05 16.2 7.11 1778 9.28 210 
GW-1 Not sampled 6/15/09 39.11 – – – – – 
GW-2 Not sampled 6/15/09 38.95 – – – – – 
GW-3 Not sampled 6/15/09 39.51 – – – – – 
GW-4 Not sampled 6/15/09 39.55 – – – – – 
GW-5 Not sampled 6/15/09 39.23 – – – – – 
KMW02 AGKMW2-W-17941 6/16/09 41.80 19.3 6.96 1144 8.26 143 
KMW03 AGKMW3-W-17942 6/16/09 39.47 15.1 7.13 785 5.93 229 
MW-C AGMWC-W-17943 6/15/09 39.00 18.1 7.00 1925 8.39 87 
MW-H AGMWH-W-17944 6/15/09 42.10 16.6 7.02 1802 6.05 49 
MW-J AGMWJ-W-17945 6/16/09 39.45 15.7 7.04 1052 8.25 127 
MW-L AGMWL-W-17946 6/16/09 42.05 15.3 6.92 1133 3.51 212 
MW-M AGMWM-W-17947 6/15/09 42.80 15.9 6.41 898 6.35 135 
MW-P AGMWP-W-17948 6/16/09 38.65 17.3 7.13 1261 7.73 121 
MW-Q AGMWQ-W-17949 6/16/09 39.11 17.9 7.20 750 6.31 170 
MW-R AGMWR-W-17950 6/15/09 39.22 17.1 7.11 806 5.70 188 
PWS-3 AGPWS3-W-17953 6/16/09 – 15.2 7.23 861 – – 
SB23S AGSB23S-W-17951 6/16/09 30.50 14.5 NRb 892 7.35 – 
SB36 AGSB36-W-17952 6/16/09 37.15 16.7 6.20 975 8.01 111 
DW98 AGDW98-W-17954 6/16/09 39.40 14.5 6.82 1142 2.10 74 
         
 
a Depth is measured in feet below the top of the well casing. 
 
b NR, not recorded. 
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Appendix C: 

Data from Pace Analytical Services for Wastewater Sample 
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Appendix D: 

Quality Control Data 
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TABLE D.1  Quality control results for organic analyses of water samples by the purge-and-trap method at the AGEM Laboratory. 

              

      
Measured Concentration and RPD Value 

for Calibration Check Standard 
            
  Recovery of Surrogate Compoundsa (%)  Carbon     Methylene 
      Tetrachloride  Chloroform  Chloride 
   Bromo- 1,4-Dichloro-       

Sample  Fluorobenzene fluorobenzene benzene-d4  ppb RPDb  ppb RPDb  ppb RPDb 
              
              
SDG 09-5-22, analysis date May 22, 2009            
              
20-ppb standard  100 100 100  20.68 3.3  19.42 2.9  22.57 12.1 
Laboratory blank  120 120 116          
AGGW2-W-17806 

 
97 104 100 

 
Outside calibration range for carbon tetrachloride at zero 

dilution. 
AGQCTB-W-17807  100 104 106          
AGGW5-W-17925  98 102 105          
AGQCBR-W-17926  91 98 100          
AGGW2-W-17893 

 
95 

104 101  
Outside calibration range for carbon tetrachloride at zero 

dilution. 
AGGW3-W-17894 

 
92 

109 97  
Outside calibration range for carbon tetrachloride at zero 

dilution. 
AGGW4-W-17895  88 90 92          
AGGW1-W-17896  87 86 86          
AGGW2-W-17893  83 93 92  Analysis at dilution factor (DF) 100 for carbon tetrachloride. 
AGGW3-W-17894  93 104 106  Analysis at DF 100 for carbon tetrachloride. 
AGGW2-W-17806  89 102 103  Analysis at DF 100 for carbon tetrachloride. 
              
SDG 09-6-18, analysis date June 18, 2009           
              
20-ppb standard  85 120 111  24 18.2  23.72 17.0  23.78 17.3 
Laboratory blank  100 100 100          
AGKMW2-W-17941  108 114 107          
AGKMW3-W-17942  108 119 109          
AGMWC-W-17943  106 116 119          
AGMWH-W-17944  106 111 107          
AGMWJ-W-17945  118 111 113          
AGMWL-W-17946  113 113 114          
AGMWM-W-17947  97 91 88          
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TABLE D.1  (Cont.)  

              

      
Measured Concentration and RPD Value 

for Calibration Check Standard 
            
  Recovery of Surrogate Compoundsa (%)  Carbon     Methylene 
      Tetrachloride  Chloroform  Chloride 
   Bromo- 1,4-Dichloro-       

Sample  Fluorobenzene fluorobenzene benzene-d4  ppb RPDb  ppb RPDb  ppb RPDb 
              
              
SDG 09-6-18, analysis date June 18, 2009 (cont.)    
       
AGMWP-W-17948 

 
108 

107 102  
Outside calibration range at zero dilution. Reanalyzed at 

dilution in SDG 09-6-19. 
AGMWQ-W-17949  109 100 110          
AGMWR-W-17950  103 98 99          
AGSB23S-W-17951  93 88 94          
AGSB23S-W-17951DUP  100 92 91          
AGSB36-W-17952  105 98 96          
AGPWS3-W-17953  103 85 88          
AGDW98-W-17954  96 80 84          
              
SDG 09-6-19, analysis date June 19, 2009           
              
20-ppb standard  100 100 100  16.99 16.3  23.35 15.5  23.28 15.2 
Laboratory blank  100 100 100          
AGMWMDUP-W-17955  91 92 93          
AGSB36DUP-W-17956  102 99 116          
AGQCIR-W-17957  99 104 103          
AGQCIR-W-17958  103 108 111          
AGQCTB-W-17959  99 100 104          
AGMWP-W-17948  104 105 112  Analysis at DF 10. 
AGMWP-W-17948DUP  104 104 103  Duplicate analysis at DF 10. 
              
 
a Quality control range for recovery = 80-120%. 
 
b Quality control range for RPD = ±20%. 
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TABLE D.2  Analytical results for quality control samples collected during sitewide monitoring in May-June 2009. 

         
     Concentration (µg/L) 
         
 Depth Sampling   Carbon  Methylene 1,2- 
Location (ft BGL) Date Sample Sample Type Tetrachloride Chloroform Chloride Dichloroethane 
          
         
GW-2 43-53 5/20/09 AGGW2-W-17806 Primary sample 6090 46 NDa ND 
   AGGW2-W-17893 Replicate sample 6393 42 ND ND 
         
MW-M 59-69 6/15/09 AGMWM-W-17947 Primary sample 84 1.5 ND ND 
   AGMWMDUP-W-17955 Replicate sample 80 3.5 ND ND 
         

MW-P 
35.42-
54.92 6/16/09 AGMWP-W-17948 Primary sample 260 11 ND ND 

   AGMWP-W-17948DUP Duplicate analysis 249 11 ND ND 
         
SB23S 49-55 6/16/09 AGSB23S-W-17951 Primary sample 59 0.8 Jb ND ND 
   AGSB23S-W-17951DUP Duplicate analysis 56 0.8 J ND ND 
         
SB36 42.7-62.7 6/16/09 AGSB36-W-17952 Primary sample 5.1 0.4 J ND ND 
   AGSB36DUP-W-17956 Replicate sample 4.6 0.7 J ND ND 
         
QC – 5/20/09 AGQCBR-W-17926 Equipment rinsate ND ND ND ND 
QC – 5/20/09 AGQCTB-W-17807 Trip blank ND ND ND ND 
         
QC – 6/16/09 AGQCIR-W-17957 Equipment rinsate ND ND ND ND 
QC – 6/16/09 AGQCIR-W-17958 Equipment rinsate ND ND ND ND 
QC – 6/16/09 AGQCTB-W-17959 Trip blank ND ND ND ND 
         
         
 
a ND, not detected at an instrument detection limit of 0.1 µg/L. 
 
b Qualifier J indicates an estimated concentration below the quantitation limit of 1.0 µg/L for the purge-and-trap method. 
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