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Annual Report of Monitoring at Morrill, Kansas, in 2009 

1  Introduction and Background 

In September 2005, the Commodity Credit Corporation of the U.S. Department of 

Agriculture (CCC/USDA) initiated periodic sampling of groundwater in the vicinity of a grain 

storage facility formerly operated by the CCC/USDA at Morrill, Kansas. The sampling at Morrill 

is being performed on behalf of the CCC/USDA by Argonne National Laboratory, in accord with 

a monitoring program approved by the Kansas Department of Health and Environment (KDHE 

2005), to monitor levels of carbon tetrachloride contamination identified in the groundwater at 

this site (Argonne 2004, 2005a). This report provides results for monitoring events in April and 

September 2009. 

Under the KDHE-approved monitoring plan (Argonne 2005b), groundwater was initially 

sampled twice yearly for a period of two years (in fall 2005, in spring and fall 2006, and in 

spring and fall 2007). The samples were analyzed for volatile organic compounds (VOCs), as 

well as for selected geochemical parameters to aid in the evaluation of possible natural 

contaminant degradation (reductive dechlorination) processes in the subsurface environment.  

The analytical results for groundwater sampling events at Morrill from September 2005 

to October 2008 were documented previously (Argonne 2006a,b, 2007, 2008a,b, 2009). Those 

results consistently demonstrated the presence of carbon tetrachloride contamination, at levels 

exceeding the KDHE Tier 2 risk-based screening level of 5.0 g/L for this compound, in a 

groundwater plume extending generally south-southeastward from the former CCC/USDA 

facility, toward Terrapin Creek at the south edge of the town. Low levels ( 1.3 g/L) of carbon 

tetrachloride were persistently detected at monitoring well MW8S, on the bank of an intermittent 

tributary to Terrapin Creek. This observation suggested a possible risk of contamination of the 

surface waters of the creek. That concern is the regulatory driver for ongoing monitoring.  

In light of the early findings, in 2006 the CCC/USDA recommended expansion of the 

approved monitoring program to include the collection and analysis of surface water samples 

along Terrapin Creek (Argonne 2006a). At the request of the KDHE (2007a), locations for both 

surface water and shallow sediment sampling were discussed with the KDHE in January 2007. 

An addendum to the existing monitoring plan (Appendix A) and a standard operating procedure 

(SOP AGEM-15; Appendix B) for sediment sampling were submitted to the KDHE on the basis 
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of these discussions and were subsequently approved (KDHE 2008b). Results of sediment 

sampling prior to 2009 were reported previously (Argonne 2008a,b; 2009). To supplement the 

original scope of the monitoring, Argonne also sampled natural vegetation along Terrapin Creek 

in October 2006, April 2007, and July 2007 for analyses for VOCs. The results of these plant 

tissue analyses were reported previously (Argonne 2008a, 2009). 

The April and September 2009 sampling events reported here represent a continuation of 

the two-year monitoring program, as requested by the KDHE (2007b). The groundwater 

sampling is presently conducted, in accord with the monitoring plan (Argonne 2005b) and the 

addendum to that plan (Appendix A in this report), in a network of 12 monitoring wells and 3 

private wells (Figure 1.1), at locations approved by the KDHE (2008b).  
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FIGURE 1.1  Monitoring network at Morrill, as of September 2009. 
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2  Sample Collection and Analysis Activities 

 
2.1  Measurement of Groundwater Levels 

Before each well was purged in preparation for sampling, a water level indicator was 

used (where possible) to measure the depth to groundwater and the total depth from the top of 

the well casing, with an accuracy of  0.01 ft. 

Data recorders currently installed in wells MW1S-MW4S and MW6S-MW8S are 

gathering long-term data on the groundwater elevation and gradient at Morrill. The data 

recorders in these wells were downloaded during the current reporting period on March 25, 

May 8, and October 20, 2009. Water levels were measured manually in all monitoring wells on 

these dates, as well as in conjunction with the sampling events on April 22-24 and 

September 2-4, 2009. 

The groundwater level data are discussed in Section 3.1. 

 
2.2  Monitoring and Private Well Sampling and Analyses  

Monitoring wells MW1D and MW1S-MW11S and the Stone, Isch, and Rilinger private 

wells (Figure 1.1) were sampled on April 22-24 and September 2-4, 2009.  

Except as noted otherwise, samples were collected from monitoring wells by using a low-

flow bladder pump. After measurement of water levels, each monitoring point was purged of a 

small volume in accord with U.S. Environmental Protection Agency (EPA) procedure 

EPA/540/S-95/504 (Puls and Barcelona 1996; Yeskis and Zavala 2002) and the equipment 

manufacturers’ instructions. Field measurements of temperature, pH, conductivity, dissolved 

oxygen (DO), and oxidation-reduction potential (ORP) were taken during purging until the 

measurements stabilized. Field measurements of iron(II) were made as outlined in the 

monitoring plan (Argonne 2005b), in accord with procedures in the Master Work Plan (Argonne 

2002). Samples from the Isch and Rilinger private wells were collected after a 5-min purge with 

the dedicated pump. The sample from the Stone private well was collected after purging of the 

well by bailing.  
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Samples were again collected from selected monitoring wells (MW1S, MW3S, and 

MW11S) after purging of three well volumes to verify that samples collected with the low-flow 

method were representative of site conditions. This comparison sampling is discussed further in 

Section 3.5. 

The sequence of activities during the April and September 2009 sampling events is 

summarized in Appendix A.  

Groundwater samples for VOCs analyses 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). Separate aliquots of selected samples (chosen in the field) were shipped to TestAmerica 

Laboratories, Inc., South Burlington, Vermont, for verification VOCs analysis. 

As recommended at the end of the original two-year monitoring period (Argonne 2008a), 

routine analyses for the attenuation parameters sulfate, sulfide, methane, total organic carbon, 

carbon dioxide, alkalinity, chloride, and dissolved hydrogen were discontinued after the October 

2007 sampling event.  

The groundwater analysis results are presented and discussed in Section 3.2. 

 
2.3  Surface Water and Sediment Sampling and Analyses 

At the request of the KDHE (2007a), surface water samples and corresponding samples 

of the underlying shallow sediments in the creek bed were collected for VOCs analyses in March 

and October 2007, in April and October 2008, and in April and September 2009 at five locations 

along Terrapin Creek (Figure 2.1), as outlined in the addendum (Appendix A in this report) to 

the monitoring plan (Argonne 2005b). The sampling was conducted in accord with procedures in 

the Master Work Plan (Argonne 2002) and SOP AGEM-15 (Appendix B in this report). Surface 

water flow in Terrapin Creek south of Morrill originates at the outfall from an earthen dam and 

retention pond approximately 1,900 ft southwest of the former CCC/USDA facility (Figure 2.1). 

Surface water and sediment sampling location SMB, which is directly downstream of this 

outfall, is believed to lie upgradient, or cross-gradient, to groundwater flow (and hence possible 
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contaminant migration) from the vicinity of the former CCC/USDA facility. (See Section 3.1.) 

Sampling locations SM1-SM4 were selected to lie downgradient and downstream from the 

carbon tetrachloride detections previously identified at MW8S and elsewhere in the monitoring 

well network. 

Samples of surface water were collected in appropriate containers, labeled, preserved at 

4C, and shipped by an overnight delivery service to the AGEM Laboratory for VOCs analyses 

with EPA Method 524.2 (EPA 1995). Samples of the shallow creek bed sediments were 

collected by scooping the materials directly into appropriate laboratory containers. The samples 

were labeled, preserved on dry ice, and shipped to the AGEM Laboratory for sample preparation 

and VOCs analyses with modified EPA Methods 5030B and 8260B.  

The surface water and sediment analysis results are presented and discussed in 

Section 3.3.  

 
2.4  Vegetation Sampling and Analyses 

Vegetation sampling has been proven to provide an accurate indication of contaminants 

in near-surface groundwater; it is used at Morrill and at other CCC/USDA sites for tracking the 

movement of carbon tetrachloride plumes through the uptake of the contaminant into tree and 

vegetation tissue. The sampling at Morrill serves as an early warning for potential movement of 

carbon tetrachloride into Terrapin Creek downgradient from the former CCC/USDA facility.  

Vegetation samples were collected at locations along Terrapin Creek and its tributaries 

south and southeast of the former CCC/USDA facility. Locations were selected along the 

apparent direction of groundwater flow from the former facility. Vegetation samples were 

collected at 18 locations in July 2007 (Argonne 2008a), at 25 locations in July 2008 (Argonne 

2009), and at 22 locations in August 2009. The July 2008 sampling event included, for the first 

time, vegetation recovered from the former CCC/USDA property and at selected locations along 

the downgradient trend of the plume toward Roxanna Street. Branch tissue samples were 

collected at 22 locations from mature willow, cottonwood, maple, Osage orange, elm, juniper, 

hackberry, and walnut trees.  
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Figure 2.2 illustrates the locations of the vegetation sampling conducted on August 27, 

2009. Analytical results are presented and discussed in Section 3.4.  

The tree tissue samples were collected in appropriate laboratory containers, labeled, 

preserved on dry ice, and shipped to the AGEM Laboratory for carbon tetrachloride and 

chloroform analyses by a headspace technique based on a modification of EPA Method 5021 

(http://www.epa.gov/epahome/index/; Alvarado and Rose 2004).  

 
2.5  Handling and Disposal of Investigation-Derived Waste 

The small volume of purge water generated as potentially contaminated investigation-

derived waste was containerized on-site. The accumulated purge water was sampled and 

analyzed for VOCs (including ethylene dibromide) and nitrates by a KDHE-certified laboratory 

(Pace Analytical Services, Lenexa, Kansas). The analytical results (Appendix D) indicated no 

detectable concentrations of carbon tetrachloride, chloroform, ethylene dibromide, or nitrate. On 

November 18, 2009, the wastewater was received at the Sabetha municipal water treatment 

facility for disposal.  

 
2.6  Quality Control for Sample Collection, Handling, and Analysis 

The quality control/quality assurance procedures followed during the April and 

September 2009 monitoring events are described in detail in the Master Work Plan (Argonne 

2002) and SOP AGEM-15 (Appendix B). These procedures 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 were 

analyzed within the required holding times. 
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 Quality control samples (equipment rinsates and trip blanks) collected to 

monitor sample collection and handling activities, were free of carbon 

tetrachloride contamination. Method blanks used to monitor analytical 

methodologies were free of carbon tetrachloride and chloroform 

contamination. 

 Groundwater, surface water, and sediment samples were analyzed for VOCs 

at the AGEM Laboratory with the purge-and-trap method on a gas 

chromatograph-mass spectrometer system. Calibration checks with each 

sample delivery group were within the required ±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. The low relative percent difference (RPD) 

values for duplicate analyses of selected samples (approximately 3%) 

demonstrated consistency in the analytical methodology. 

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

2002), the analyses of water samples at the AGEM Laboratory were verified 

by a second laboratory. Three groundwater samples collected during each of 

the 2009 monitoring events were also submitted to TestAmerica for analysis 

according to the EPA’s Contract Laboratory Program methodology. Results 

show good agreement over the range of contaminant concentrations detected, 

with average RPD values of 4.6% for carbon tetrachloride and <1% for 

chloroform. Summary pages for the verification organic analyses by 

TestAmerica for sampling conducted on April 22-24 and September 2-4, 

2009, are in Appendix E. 

 Vegetation samples were analyzed for carbon tetrachloride and chloroform at 

the AGEM Laboratory by using a gas chromatograph with electron capture 

detection to achieve the low detection limits required. An 11-point calibration 

of the gas chromatograph system was established on the basis of the mass of 

known quantities of carbon tetrachloride and chloroform.  

 To verify the suitability of the low-flow sampling methodology for obtaining 

representative samples from the monitoring wells at Morrill, at the request of 
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the KDHE (2008a), four wells were also sampled in 2008 after purging of 

three well volumes. Results suggested that the low-flow technique is 

acceptable but that the positioning of the pump intake relative to the well 

screen and static water level at the time of sampling is critical in obtaining a 

representative sample with this method (Argonne 2009). Comparative 

sampling was again conducted at three of the four wells in 2009. Results 

indicate that use of the low-sampling technique at monitoring well MW1S 

(screened at 11-51 ft BGL and located along the centerline of the plume) is 

problematic. The effect was accounted for in the interpretation used in this 

report, and recommendations for correcting the problem are made. 

 The results of the comparison sampling are discussed further in Section 3.5. 
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FIGURE 2.1  Locations of surface water and creek bed sediment sampling along Terrapin Creek at Morrill in September 2009. 
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FIGURE 2.2  Locations of native vegetation sampling downgradient of the former CCC/USDA facility and along Terrapin Creek at Morrill in August 
2009. 
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3  Results and Discussion 

 
3.1  Groundwater Level Data  

Depths to groundwater were measured manually in all available monitoring wells during 

the current review period on March 25, May 8, and October 20, 2009. These hand-measured 

water level data, along with hand-measured levels from April 30 and September 19, 2008, are in 

Table 3.1. 

Earlier estimates of the potentiometric surface at Morrill, based on manual measurements 

on April 30 and September 19, 2008, are depicted in Figures 3.1a and 3.1b, respectively. 

Persistently low water levels observed at MW11S empirically suggest the apparent presence of a 

groundwater “sink” southwest of the former facility in the vicinity of this monitoring well. This 

observation is likely an artifact, however, associated with the greater depth of completion of well 

MW11S in the aquifer unit and the local groundwater flow system (both horizontal and vertical) 

at this location, relative to nearby wells MW3S, MW4S, and MW7S. To eliminate this influence 

on the interpreted groundwater flow directions, the estimated potentiometric surfaces presented 

in Figures 3.1c-e for the current review period (March 25, May 8, and October 20, 2009, 

respectively) were generated by excluding the anomalous water level measurements from 

MW11S. 

Figures 3.1c-e show that groundwater flow during the early spring (March 25; 

Figure 3.1c) and later part of the current review period (October 20; Figure 3.1e) was 

predominantly to the south-southeast, from the vicinity of the former CCC/USDA facility toward 

Terrapin Creek. A slight shift toward more southerly groundwater flow, and possibly toward the 

southwest in the immediate vicinity of the intermittent tributary that flows into Terrapin Creek 

(directly south of the former CCC/USDA facility), is apparent in conjunction with significantly 

higher groundwater levels in the potentiometric surface for May 8 (Figure 3.1d).  

Hydrographs recorded for the Morrill monitoring wells (Figures 3.2a and 3.2b) illustrate 

that the observed May 2009 rise in water levels reflects a seasonal response to spring 

precipitation and recharge, followed by generally declining groundwater levels during the 

remainder of the year. This response has been observed annually (to varying extents) throughout 

Argonne’s investigations at the Morrill site. 
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The hydrographs in Figures 3.2a and 3.2b for monitoring well MW6S are marked by a 

series of sharp downward “spikes” in the water level at this location during July and August of 

both 2008 and 2009. The observed events are believed to reflect transient drawdown in response 

to pumping of the Grimm irrigation well (TD12), which was installed just south of the MW6S 

location in March 2008 (Argonne 2008b). Little or no distinct response to the pumping of this 

well is apparent at the other monitored well locations; however, the operation of the Grimm well 

empirically coincides with the decline in water levels observed at all locations in the summer and 

fall of 2008 and 2009. A similar seasonal decline in water levels was also observed at Morrill in 

summer and fall 2007, in the absence of the Grimm well pumping, suggesting that spring 

precipitation and recharge represent the predominant factors affecting the local groundwater 

level patterns at Morrill.  

 
3.2  Groundwater Analysis Results 

The analytical data for VOCs in the groundwater samples collected in April and 

September 2009 are in Table 3.2, together with data for the previous sampling events conducted 

under the KDHE-approved monitoring plan (Argonne 2005b). The April and September 2009 

data for carbon tetrachloride in groundwater are illustrated in Figures 3.3a and 3.3b, respectively. 

For comparison, the results of the groundwater sampling performed in April and October 2008 

are in Figures 3.4a and 3.4b, respectively. 

In April 2009 (Figure 3.3a), carbon tetrachloride was detected at 6 of the 15 monitoring 

locations, at concentrations ranging from 1.0 g/L at well MW9S to a maximum of 46 g/L at 

MW11S. Low levels of chloroform (1.0-1.4 g/L were detected at the two wells showing the 

highest carbon tetrachloride values and at a third location (MW2S) where carbon tetrachloride 

was not detected (Table 3.2). Sampling to compare low-flow and three-well-volume purging 

methods was not conducted in April 2009. 

In September 2009 (Figure 3.3b), carbon tetrachloride was detected at 7 of the 15 

monitoring locations, at concentrations ranging from < 1 g/L (in the Stone private well) to a 

maximum of 39 g/L at MW11S. Low levels of chloroform (< 1 g/L to a maximum of 1.1 g/L 

at MW1S) were detected in association with carbon tetrachloride at two of the monitoring 

locations (Table 3.2). Sampling to compare the low-flow and three-well-volume purging 

methods was conducted in September 2009. Those results are discussed in Section 3.5. 
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The results in Table 3.2, Figures 3.3a,b, and Figures 3.4a,b indicate that no significant 

changes were observed in the levels or distribution of carbon tetrachloride in the groundwater at 

Morrill during the current review period, or in comparison to the results of the spring and fall 

2008 monitoring events. 

A previous report (Argonne 2009) suggested that lower-than-normal carbon tetrachloride 

concentrations in wells MW1S, MW3S, and MW5S in April 2008 were the result of higher-than-

normal water levels. The perceived October 2008 increase (return to “normal”) at MW5S 

appears to have been a transient spike that did not continue into 2009. The spring 2008 decrease 

at MW3S, whether related to water level, to other factors (e.g., sampling procedure), or to a 

combination of factors, also appears to have been transient. Chloroform concentrations followed 

similar patterns with respect to historical results. The results of field measurements on the 

groundwater samples are in Table 3.3.  

 
3.3  Surface Water and Sediment Analysis Results 

Table 3.4 presents the results of VOCs analyses of the surface water and shallow 

sediment samples collected (at the request of the KDHE) along Terrapin Creek. No carbon 

tetrachloride was detected in the surface water samples at an analytical method detection limit of 

0.1 g/L. Similarly, no carbon tetrachloride was identified in the associated sediment samples at 

an analytical method detection limit of 1.0 g/kg. The 2009 results therefore indicate that the 

surface waters and underlying sediments of Terrapin Creek remain uncontaminated by carbon 

tetrachloride.  

 
3.4  Vegetation Analysis Results and Observations 

The July 2008 vegetation sampling event involved an expansion of the database to 

include locations at and directly downgradient from the former CCC/USDA facility (locations 

MR019 to MR024; Figure 2.2). The expanded sampling continued in August 2009. The sampling 

area was expanded to verify the assumed potential for identification of the plume extending from 

the former facility and toward Terrapin Creek on the basis of evidence of contaminant uptake in 

vegetation. This proven methodology has been successful recently at other CCC/USDA sites.  
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Analytical data for carbon tetrachloride and chloroform in tree branch samples collected 

in August 2009 (and in previous years) are shown in Table 3.5. Trace concentrations of carbon 

tetrachloride were identified at 4 of 22 locations sampled (MR007, MR017, MR018, and 

MR023; Figure 2.2). The analytical method detection limit was 0.1 µg/kg. Although no carbon 

tetrachloride was detected at these locations in 2008, a low concentration had been reported for 

MR007 in 2007. At two locations where carbon tetrachloride was detected in 2008 (MR010 and 

MR019), no carbon tetrachloride was detected in 2009. 

The detection of carbon tetrachloride at 0.7 g/kg at location MR007 in August 2009 

could possibly reflect concentrations in nearby and upgradient shallow groundwater at 

monitoring well MW8S (1.9 g/L in September 2009). Groundwater seepage has also been 

observed periodically near the MR007 location. Location MR023 is near a bin at the former 

CCC/USDA facility, and finding trace quantities of carbon tetrachloride in vegetation at this 

location could be expected.  

Trace concentrations of carbon tetrachloride were detected in August 2009 in vegetation 

at locations MR018 and MR017 (Figure 3.5) near Terrapin Creek, though contamination has 

never been detected in surface water and sediment of the creek (Table 3.4). Sampling at Morrill 

and elsewhere has demonstrated that carbon tetrachloride can be taken up seasonally — at 

detectable levels — in tissues of trees whose roots intercept low concentrations of carbon 

tetrachloride in groundwater. We hypothesize that the low concentrations in groundwater under 

Terrapin Creek are sufficient for uptake by the trees. The low-level detections in vegetation are 

consistent with the observation, at other sites, that vegetation sampling is a valuable early 

indicator of plume expansion, and they validate the assumption made in areal expansion of the 

vegetation sampling effort at Morrill.  

 
3.5 Comparison of Analytical Results for Samples Collected after Low-Flow 

Purging and after Purging of Three Well Volumes 

At the request of the KDHE (2008a), selected wells were sampled in October 2008 by 

using both the low-flow purging technique and the three-well-volume purging technique to 

confirm the suitability of the low-flow method for groundwater sampling at Morrill. As reported 

previously (Argonne 2009), samples were collected in October 2008 from wells MW1S, MW2S, 

MW3S, and MW11S by both methods. Result for all pairs except the MW1S samples compared 

favorably; the low-flow results for this well were dramatically lower than three-volume-purge 
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results. The low-flow results were thought to have been compromised procedurally by the 

positioning of the pump inlet. A general drop in groundwater levels had made the positioning of 

the pump inlet in October 2008 inconsistent with the positioning in April 2008. Low-flow results 

for MW1S in October 2008 were therefore considered non-representative, and the value for the 

sample obtained after purging of three well volumes was honored instead (Argonne 2009). 

In the September 2009 sampling, however, the low-flow results for MW1S remained 

lower than the three-well-volume results. The low-flow values reported for carbon tetrachloride 

at well MW1S were 0.7 g/L (estimated) in October 2008 and “not detected” in April and 

September 2009. Carbon tetrachloride concentrations for samples collected from well MW1S 

after purging of three well volumes were 35 g/L in October 2008 and 34 g/L in September 

2009. (No method comparison was made in April 2009.) For this well, the 2009 low-flow results 

compare well with historic low-flow results, and the 2009 three-well-volume results compare 

well with historic three-well-volume results. The observed concentration differences between 

methods reflect hydraulic and/or contaminant flow properties that result in higher concentrations 

in three-well-volume samples than in low-flow samples from any of the depths sampled. Multi-

depth low-flow or no-purge sampling could improve understanding of the contaminant and 

groundwater flow conditions and might suggest a more suitable low-flow sampling depth that 

would provide acceptable analytical results for future monitoring needs.  

Although smaller in magnitude than the differences identified for well MW1S, apparently 

consistent differences have also been observed in the carbon tetrachloride concentrations 

detected in samples collected by the low-flow and three-well-volume methods at well MW5S. 

Prior to implementation of the low-flow method, carbon tetrachloride levels of about 6 g/L 

were routinely observed for this well. Except for a single value of 1.7 g/L (October 2008), 

however, the analyses of all subsequent low-flow samples from this well have not detected 

carbon tetrachloride. 

Low-flow sampling as it is currently performed appears to yield representative 

groundwater samples that are suitable for continued monitoring purposes from a majority of the 

Morrill monitoring wells that were not included in the comparative testing described above. 

Carbon tetrachloride contamination has not been detected in four wells (MW1D, MW4S, 

MW6S, and MW10S) to date with either sampling method. Samples from well MW7S showed a 

twofold to threefold drop in concentrations in the last sampling event before the low-flow 

method was instituted, and the concentrations have remained in that range in all subsequent low-
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flow samples. The measured concentrations in groundwater samples from well MW8S shifted 

from just below to just above the quantitation limit after low-flow sampling was implemented. 

Similarly, the concentrations at MW9S shifted from not detected to < 2 g/L after low-flow 

sampling was adopted. The results for these wells suggest that the sensitivities of the three-well-

volume and low-flow sampling techniques at low contaminant concentrations are comparable. 



2009 Monitoring Results for Morrill, Kansas 3-7 
Version 01, 08/05/10 

TABLE 3.1  Hand-measured groundwater levels at Morrill in 2008 and 2009. 

  
 

April 30, 2008  
 

September 19, 2008 
 

March 25, 2009 
 

May 8, 2009 
 

October 20, 2009 

                  

 Top of Casing Depth to Groundwater  Depth to Groundwater  Depth to Groundwater  Depth to Groundwater  Depth to Groundwater 

 Elevation Water Elevation  Water Elevation  Water Elevation  Water Elevation  Water Elevation 

Well (ft AMSL) (ft BGL) (ft AMSL)  (ft BGL) (ft AMSL)  (ft BGL) (ft AMSL)  (ft BGL) (ft AMSL)  (ft BGL) (ft AMSL) 

                      

                     

MW1S 1124.68 15.96 1108.72  23.51 1101.17  28.13 1096.55  18.05 1106.63  25.21 1099.47 

MW1D 1124.63 – –  30.01 1094.62  31.05 1093.58  30.34 1094.29  30.75 1093.88 

MW2S 1137.07 22.84 1114.23  32.20 1104.87  38.20 1098.87  25.53 1111.54  34.72 1102.35 

MW3S 1135.76 15.34 1120.42  24.42 1111.34  33.95 1101.81  14.64 1121.12  27.13 1108.63 

MW4S 1143.61 24.71 1118.90  34.62 1108.99  43.59 1100.02  27.82 1115.79  35.95 1107.66 

MW5S 1122.21 10.75 1111.46  21.21 1101.00  26.55 1095.66  14.49 1107.72  23.45 1098.76 

MW6S 1090.97 4.89 1086.08  5.13 1085.84  5.80 1085.17  5.66 1085.31  5.68 1085.29 

MW7S 1119.86 7.32 1112.54  15.38 1104.48  21.81 1098.05  8.94 1110.92  16.88 1102.98 

MW8S 1098.53 0.61 1097.92  2.98 1095.55  4.14 1094.39  0.73 1097.80  3.54 1094.99 

MW9S 1118.31 16.76 1101.55  20.46 1097.85  23.09 1095.22  19.95 1098.36  21.71 1096.60 

MW10S 1110.78 9.83 1100.95  12.84 1097.94  14.61 1096.17  12.31 1098.47  13.27 1097.51 

MW11S 1133.08 29.81 1103.27  35.67 1097.41  40.29 1092.79  33.50 1099.58  37.26 1095.82 
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TABLE 3.2  Results of analyses at the AGEM Laboratory for volatile organic compounds in groundwater samples collected at Morrill, October 
2003 to September 2009. Shading indicates sample collection with the low-flow procedure. 

   
   Concentration (µg/L) 
   
   Pump 

Screen Depth to Depth of   Intake 
Interval Sample Water Well Volume Volume Position Carbon Methylene 

Location (ft BGL) Date (ft TOC)a (ft TOC) Purged Units (ft BGL) Tetrachloride Chloroform Chloride Comment Sample 
   
   
MW1S 11-51 10/23/03 30.36 54.04 70 gal – 33 1.6 NDb  MRMW1S-W-16422 
  6/2/04 26.97 53.94 53 gal – 19 0.9 ND  MRMW1S-W-16461 
  9/13/05 24.16 53.9 57 gal – 35 1.7 ND  MRMW1S-W-19259 
  3/22/06 29 53.95 48 gal – 40 1.8 ND  MRMW1S-W-20008 
  9/20/06 26.82 53.97 55 gal – 23 0.9 Jc ND  MRMW1S-W-22495 
  3/21/07 25.8 53.98 55 gal – 23 1.1 ND  MRMW1S-W-16488 
  10/1/07 21.65 53.95 63 gal – 56 2.7 ND  MRMW1S-W-16595 
  4/14/08 16.2 54 5.5 L – 0.3 J ND ND April monitoring. MRMW1S-W-23230 
  4/22/08 16 54 6.25 L – 0.2 J ND ND Confirm low carbon 

tetrachloride. 
MRMW1S-W-23259 

  5/1/08 – – 3.24 L 22 ND ND ND Vary pump intake. MRMW1S-22-W-23275 
  5/1/08 – – 3.24 L 27 ND ND ND Vary pump intake. MRMW1S-27-W-23276 
  5/1/08 – – 4.25 L 48 0.3 J ND ND Vary pump intake. MRMW1S-48-W-23277 
  10/20/08 25.8 54 6 L 31 0.7 J ND ND Low flow. MRMW1S-W-27620 
  10/21/08 – – – – – 35 1.8 ND Full purge. MRMW1S-W-27649 
  4/24/09 24.4 54 5 L 39.2 ND ND ND   MRMW1S-W-27652 
  9/3/09 19 54 8 L 35 ND ND ND Low flow. MRMW1S-W-29942 
  9/4/09 19.3 51.2 244 L 50 34 1.7 ND Three well volumes. MRMW1S-W-29971 
               
MW1D 63-88 10/22/03 28.39 88.5 92 gal – ND ND ND  MRMW1D-W-16421 
  6/2/04 26.82 88.6 140 gal – ND ND ND  MRMW1D-W-16458 
  9/13/05 23.72 88.6 200 gal – ND ND ND  MRMW1D-W-16518 
  3/19/06 26.85 88.6 112 gal – ND ND 0.4 J Bd  MRMW1D-W-19986 
  9/20/06 25.52 88.8 125 gal – ND ND ND  MRMW1D-W-16532 
  3/21/07 25.79 88.8 125 gal – ND ND ND  MRMW1D-W-16487 
  10/1/07 22.75 89.38 130 gal – ND ND ND  MRMW1D-W-16596 
  4/14/08 29.51 89 6 L – ND ND ND   MRMW1D-W-23231 
  10/20/08 30.4 89 7 L 75.5 ND ND ND   MRMW1D-W-27621 
  4/24/09 31 89 7 L 75.5 ND ND ND   MRMW1D-W-27653 
  9/3/09 27.05 89 6.5 L 75.5 ND ND ND   MRMW1D-W-29943 
               
  10/22/03 42.21 53.35 Purged dry, sampled ND ND ND  MRMW02-W-16419 
MW2S 13-53 6/2/04 37.44 53.3 31 gal – ND ND ND  MRMW2S-W-16459 
  9/14/05 33.68 53.33 38 gal – ND ND ND  MRMW2S-W-19264 
  3/21/06 40.87 53.32 27 gal – ND ND ND  MRMW2S-W-19992 
  9/18/06 36.53 53.3 28 gal – ND ND ND  MRMW2S-W-22488 
  3/22/07 35.77 53.3 35 gal – ND ND ND  MRMW2S-W-16559 
  10/3/07 31.17 53.4 44 gal – ND ND ND  MRMW2S-W-16587 
  4/15/08 23.55 53.4 2.22 L – ND ND ND   MRMW2S-W-23232 
  10/21/08 33.7 53.5 5 L 33 ND ND ND Low flow. MRMW2S-W-27622 
  10/21/08 – – – – – ND ND ND Full purge. MRMW2S-W-27652 
  4/23/09 33.2 53.5 6.5 L 43.35 ND 0.6 J ND   MRMW2S-W-27654 
  9/3/09 29.4 53.5 5.4 L 41.2 ND ND ND   MRMW2S-W-29944 

\ 
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TABLE 3.2  (Cont.) 

   
   Concentration (µg/L) 
   
   Pump 
   Screen Depth to Depth of   Intake 
   Interval Sample Water Well Volume Volume Position Carbon Methylene 
Location (ft BGL) Date (ft TOC)a (ft TOC) Purged Units (ft BGL) Tetrachloride Chloroform Chloride Comment Sample 
   
   
MW3S 18-48 10/23/03 36.47 47.79 73 gal – 89 2.7 ND  MRMW03-W-16423 
  6/2/04 30.67 47.5 34 gal – 110 3.2 ND  MRMW3S-W-16462 
  9/13/05 25.6 47.6 50 gal – 101 3.2 ND  MRMW3S-W-19261 
  3/23/06 35.62 47.74 28 gal – 91 2.6 ND  MRMW3S-W-19994 
  9/20/06 29.44 47.75 22 gal – 49 1.5 ND  MRMW3S-W-22496 
  3/22/07 26.19 47.75 45 gal – 84 2.3 ND  MRMW3S-W-16563 
  10/3/07 22.7 47.9 50 gal – 61 2.0 ND  MRMW3S-W-16585 
  4/14/08 16.95 47.8 3.31 L – 8.2 0.4 J ND April monitoring. MRMW3S-W-23233 
  4/22/08 15.8 47.8 6.5 L – 0.7 J ND ND Confirm low carbon 

tetrachloride. 
MRMW3S-W-23260 

  5/1/08 – – 2.62 L 26 0.4 J ND ND Vary pump intake. MRMW3S-26-W-23269 
  5/1/08 – – 2.75 L 38 0.4 J ND ND Vary pump intake. MRMW3S-38-W-23270 
  5/1/08 – – 3.17 L 45 0.5 J ND ND Vary pump intake. MRMW3S-45-W-23271 
  10/21/08 27 47.8 4.2 L 33 55 1.4 ND Low flow. MRMW3S-W-27623 
  10/21/08 – – – – – 63 1.6 ND Full purge. MRMW3S-W-27650 
  4/23/09 26.7 47.8 5 L 37.3 29 1.4 ND   MRMW3S-W-27655 
  9/3/09 22.4 47.8 5.5 L 35.2 30 1.1 ND Low flow. MRMW3S-W-29945 
  9/4/09 22.55 47.8 190 L 46 28 0.9 J ND Three well volumes. MRMW3S-W-29972 
               
MW4S 17-47 10/21/03 46.4 47.8 Purged dry, sampled ND ND ND  MRMW04-W-16418 
  6/4/04 43.21 47.8 10 gal – ND ND ND  MRMW4S-W-16470 
  9/14/05 36.21 47.81 8 gal – ND ND ND  MRMW4S-W-19262 
  3/21/06 44.55 47.72 6 gal – ND ND ND  MRMW4S-W-19993 
  9/18/06 41.56 47.75 5.25 gal – ND ND ND  MRMW4S-W-22487 
  3/22/07 38.74 47.75 6 gal – ND ND ND  MRMW4S-W-16562 
  10/3/07 31.11 47.73 30 gal – 0.5 J Re ND ND  MRMW4S-W-16586 
  1/11/08 – – – – – ND ND ND  MOMW4S-W-011108 
  4/14/08 26.32 47.85 2.48 L – ND ND ND   MRMW4S-W-23234 
  10/20/08 36.7 47.8 8 gal – ND ND ND  MRMW4S-W-27624 
  4/23/09 41.5 47.8 5 L 44.65 ND ND ND   MRMW4S-W-27656 
  9/4/09 31.6 47.8 6 L 39.3 ND ND ND   MRMW4S-W-29946 
               
MW5S 15-55 10/22/03 31.4 55.72 48 gal – 5.8 ND ND  MRMW05-W-16420 
  6/2/04 26.33 55.65 >57 gal – 7.0 ND ND  MRMW5S-W-16460 
  9/13/05 22.66 54.2 75 gal – 6.3 0.2 J ND  MRMW5S-W-19260 
  3/22/06 28.64 54.51 50 gal – 7.3 0.2 J ND  MRMW5S-W-19996 
  9/20/06 25.43 54.63 52 gal – 6.4 0.3 J ND  MRMW5S-W-22493 
  3/22/07 25.14 54.56 58 gal – 6.5 0.4 J ND  MRMW5S-W-16569 
  10/3/07 19.55 54.65 68 gal – 4.0 0.3 J ND  MRMW5S-W-16588 
  4/14/08 11.2 54.6 6 L – ND ND ND April monitoring. MRMW5S-W-23235 
  4/23/08 11.3 54.6 6.5 L – ND ND ND Confirm low carbon 

tetrachloride. 
MRMW5S-W-23266 

  5/1/08 – – 3.7 L 20 ND ND ND Vary pump intake. MRMW5S-20-W-23272 
  5/1/08 – – 3.4 L 28 ND ND ND Vary pump intake. MRMW5S-28-W-23273 
  5/1/08 – – 4 L 52 ND ND ND Vary pump intake. MRMW5S-52-W-23274 
  10/21/08 22.5 54.6 7 L 35 1.7 ND ND   MRMW5S-W-27625 
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TABLE 3.2  (Cont.) 

   
   Concentration (µg/L) 
   
   Pump 
   Screen Depth to Depth of   Intake 
   Interval Sample Water Well Volume Volume Position Carbon Methylene 
Location (ft BGL) Date (ft TOC)a (ft TOC) Purged Units (ft BGL) Tetrachloride Chloroform Chloride Comment Sample 
   
   
MW5S 15-55 4/24/09 22.1 54.6 5.5 L 38.35 ND ND ND   MRMW5S-W-27657 
  9/3/09 17.6 54.6 5.5 L 36.3 ND ND ND   MRMW5S-W-29947 
               
MW6S 10-25 6/3/04 3.34 26.9 45 gal – ND ND ND  MRMW6S-W-16465 
  9/14/05 4.7 26.9 43 gal – ND ND ND  MRMW6S-W-19263 
  3/20/06 5.35 26.91 43 gal – ND ND ND  MRMW6S-W-19990 
  9/18/06 5.48 26.92 27 gal – ND ND ND  MRMW6S-W-22486 
  3/21/07 5.42 26.92 30 gal – ND ND ND  MRMW6S-W-16486 
  10/2/07 5 26.9 31 gal – ND ND ND  MRMW6S-W-16583 
  4/15/08 5.15 26.9 2.5 L – ND ND ND   MRMW6S-W-23236 
  10/20/08 5.7 26.9 5 L 17.5 ND ND ND   MRMW6S-W-27626 
  4/24/09 6.2 26.9 12 L 17.5 ND ND ND   MRMW6S-W-27658 
  9/4/09 5.85 26.9 5.4 L 17.5 ND ND ND   MRMW6S-W-29948 
               
MW7S 20-45 6/3/04 26.68 46.98 40 gal – 18 ND ND  MRMW7S-W-16466 
  9/12/05 17.57 46.94 55 gal – 43 1.1 ND  MRMW7S-W-19258 
  3/22/06 22.45 46.98 48 gal – 21 0.4 J ND  MRMW7S-W-20000 
  9/19/06 20.94 47.02 56 gal – 38 0.7 J ND  MRMW7S-W-22490 
  3/20/07 18.01 47.02 50 gal – 16 0.4 J ND  MRMW7S-W-16481 
  10/1/07 12.4 47 70 gal – 8.1 0.2 J ND  MRMW7S-W-16581 
  4/14/08 7.72 47 1.82 L – 10 0.3 J ND   MRMW7S-W-23237 
  4/23/08 7.8 47 11 L – 8.3 0.2 J ND   MRMW7S-W-23265 
  10/20/08 17.2 47 6.3 L 32.5 7.9 ND ND   MRMW7S-W-27627 
  4/23/09 16.7 47 7 L 32.5 9.5 ND ND   MRMW7S-W-27659 
  9/3/09 13.8 47 9 L 32.5 8.0 ND ND   MRMW7S-W-29949 
               
MW8S 10-25 6/3/04 3.7 26.75 45 gal – ND ND ND  MRMW8S-W-16464 
  9/14/05 4.02 26.82 57 gal – 0.9 J ND ND  MRMW8S-W-19265 
  3/20/06 4.57 26.41 43 gal – 0.6 J ND 0.4 J B  MRMW8S-W-19991 
  9/19/06 4.76 26.83 45 gal – 1.3 ND ND  MRMW8S-W-22492 
  3/20/07 2.63 26.82 49 gal – 0.6 J ND ND  MRMW8S-W-16483 
  10/2/07 2.2 26.8 48 gal – 0.8 J ND ND  MRMW8S-W-16584 
  4/15/08 0.7 26.8 5.5 L – 1.1 ND ND   MRMW8S-W-23238 
  10/20/08 3.6 26.8 8 L 17.5 1.3 ND ND   MRMW8S-W-27628 
  4/23/09 2.3 26.8 6 L 17.5 ND ND ND   MRMW8S-W-27660 
  9/3/09 2.9 26.8 8.5 L 17.5 1.9 ND ND   MRMW8S-W-29950 
               
MW9S 38.83-53.83 3/22/06 20.2 58.62 20 gal – ND ND ND  MRMW9S-W-20004 
  9/19/06 18.87 59 22 gal – ND ND ND  MRMW9S-W-22494 
  3/20/07 16.69 59 22 gal – ND ND ND  MRMW9S-W-16480 
  10/1/07 14 58.6 23 gal – ND ND ND  MRMW9S-W-16582 
  4/14/08 16.58 58.63 2.29 L – 0.8 J ND ND   MRMW9S-W-23239 
  10/20/08 21.5 58.5 11 L 46.33 1.1 ND ND   MRMW9S-W-27629 
  4/23/09 21.9 58.5 5.5 L 46.33 1.0 ND ND   MRMW9S-W-27661 
  9/4/09 19.95 58.5 5 L 46.33 1.4 ND ND   MRMW9S-W-29951 
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TABLE 3.2  (Cont.) 

   
   Concentration (µg/L) 
   
   Pump 
   Screen Depth to Depth of   Intake 
   Interval Sample Water Well Volume Volume Position Carbon Methylene 
Location (ft BGL) Date (ft TOC)a (ft TOC) Purged Units (ft BGL) Tetrachloride Chloroform Chloride Comment Sample 
   
   
MW10S 30-45 3/21/06 12.3 49.6 19 gal – ND ND ND  MRMW10S-W-19999 
  9/18/06 11.08 49.61 20 gal – ND ND ND  MRMW10S-W-22489 
  3/21/07 10.77 49.61 20 gal – ND ND ND  MRMW10S-W-16485 
  10/1/07 6.95 49.65 20 gal – ND ND ND  MRMW10S-W-16593 
  4/14/08 9.82 49.7 1.9 L – ND ND ND   MRMW10S-W-23240 
  10/20/08 13.7 49.7 5.4 L 37.5 ND ND ND   MRMW10S-W-27630 
  4/23/09 13.6 45 7.5 L 37.5 ND ND ND   MRMW10S-W-27662 
  9/3/09 12 49.7 7.5 L 37.5 ND ND ND   MRMW10S-W-29952 
               
MW11S 53-68 3/22/06 35.2 72.5 20 gal – 39 0.9 J ND  MRMW11S-W-20001 
  9/19/06 36 73.14 20 gal – 53 1.0 ND  MRMW11S-W-22491 
  3/20/07 34.65 73.14 20 gal – 37 0.8 J ND  MRMW11S-W-16479 
  10/1/07 31.55 73 20 gal – 54 1.2 ND  MRMW11S-W-16594 
  4/15/08 29.9 72.7 5.5 L – 35 0.8 J ND April monitoring. MRMW11S-W-23241 
  4/22/08 30.2 72.7 7.2 L – 42 0.9 J ND Confirm low carbon 

tetrachloride. 
MRMW11S-W-23261 

  10/20/08 37.1 72.7 9 L 60.5 42 0.9 J ND Low flow. MRMW11S-W-27631 
  10/21/08 – – – – – 45 0.9 J ND Full purge. MRMW11S-W-27651 
  4/23/09 38.1 72.7 5 L 60.5 46 1.0 ND   MRMW11S-W-27663 
  9/3/09 34.7 72.7 7.5 L 60.5 39 0.9 J ND Low flow. MRMW11S-W-29953 
  9/4/09 34.95 72.7 72 L 67 41 0.9 J ND Three well volumes. MRMW11S-W-29973 
               
Isch – 2/19/04 – – Pumpf – – ND ND ND  MRJR-W-16502 
  9/14/05 – – Pump – – ND ND ND  MRPRISCH-W-16513 
  3/23/06 – – 20 gal – ND ND ND  MRISCH-W-19989 
  9/19/06 – – Pump – – ND ND ND  MRISCH-W-16531 
  3/22/07 – – Pump – – ND ND ND  MRISCH-W-16564 
  10/3/07 – – Pump – – ND ND ND  MRISCH-W-16590 
  4/15/08 – – Pump – – 0.4 J ND ND  MRISCH-W-23242 
  4/22/08 – – Pump – – ND ND ND  MRISCH-W-23262 
  10/21/08 – – Pump – – ND ND ND  MRISCH-W-27632 
  4/22/09 – – Pump – – ND ND ND  MRISCH-W-27664 
  9/2/09 – – Pump – – ND ND ND  MRISCH-W-29954 
               
Rillinger – 6/4/04 – – Pump – – ND ND ND  MRPRIVRIL-W-16471 
  9/14/05 – – Pump – – 2.6 0.1 J ND  MRPRILL-W-16512 
  3/19/06 – – Pump – – ND ND 0.4 J B  MRRILINGER-W-19988 
  9/19/06 – – Pump – – ND ND ND  MRRILI-W-16530 
  3/29/07 – – Pump – – 1.3 1.1 ND  MRRILINGER-W-16561 
  10/3/07 – – Pump – – 13g 0.4 J ND  MRRILINGER-W-16591 
  10/8/07 – – Pump – – 0.4 J ND ND  MRRILINGER-W-16592 
  1/11/08 – – Pump – – 6.2 0.5 J ND  MORIL-W-11108 
  4/15/08 – – Pump – – 9.9 0.4 J ND  MRRILINGER-W-23243 
  10/21/08 – – Pump – – 0.9 J ND ND  MRRILLINGER-W-27633 
  4/22/09 – – Pump – – 1.2 ND ND  MRRILLINGER-W-27665 
  9/2/09 – – Pump – – 1.0 ND ND  MRRILLINGER-W-29955 
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TABLE 3.2  (Cont.) 

   
   Concentration (µg/L) 
   
   Pump 
   Screen Depth to Depth of   Intake 
   Interval Sample Water Well Volume Volume Position Carbon Methylene 
Location (ft BGL) Date (ft TOC)a (ft TOC) Purged Units (ft BGL) Tetrachloride Chloroform Chloride Comment Sample 
   
   
Stone 43h 6/4/04 23.35 – Purged dry – 10 ND ND  MRPRIVSTON-W-16475 
  9/14/05 17.18 40 – – – 2.6 0.3 J ND  MRPRSTON-W-16511 
  3/19/06 17.42 40 100 gal – 14 0.8 J 0.4 J B  MRSTONE-W-19987 
  9/19/06 18.55 38.8 41 gal – 2.1 ND ND  MRSTONE-W-16529 
  3/22/07 20.62 38.8 56 gal – 5.4 0.3 J ND  MRSTONE-W-16560 
  10/3/07 14.6 38.6 72 gal – 2.8 ND ND  MRSTONE-W-16589 
  4/15/08 – 38.86 – – – 0.9 J ND ND  MRSTONE-W-23244 
  10/21/08 – – 5 gal – 3.0 ND ND  MRSTONE-W-27634 
  4/23/09 – – 5 gal – 1.1 ND ND  MRSTONE-W-27666 
  9/2/09 – – 5 gal – 0.9 J ND ND  MRSTONE-W-29956 
               
TD12 27-67 4/22/08 – – – – – ND ND ND Grimm irrigation well. MRTD12-W-23264 
  10/20/08 – – – – – ND ND ND Grimm irrigation well. MRTD12-W-27635 
  4/23/09 – – – – – ND ND ND Tile drain into creek. MRTD12-W-27667 
  9/3/09 – – – – – ND ND ND Overflow before catchment. MRTD12-W-29957 
                        
 
a
  Depths were measured from the top of the casing (TOC). 

 
b ND, not detected at 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. 
 
d Qualifier B indicates that the compound was present in the associated method blank. 
 
e Qualifier R indicates that the compound was present in the associated equipment rinsate. Resampling confirmed that the well was free of contamination. 
 
f The well's dedicated pump was used for sampling. The pump was allowed to run before the sample was collected. 
 
g Sample collected after recent reactivation of well. Well resampled on 1/8/07 and 1/11/08. 
 
h Total depth. 
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TABLE 3.3  Field measurements for groundwater samples collected at Morrill, October 2003 to September 2009. Shading indicates sample 
collection with the low-flow procedure. 

    
          Pump                 

Screen Depth to Depth of   Intake Dissolved Carbon 
Interval Sample Water Well Volume Volume Position Temperature Conductivity Oxygen ORP Iron II Dioxide 

Location (ft BGL) Date (ft TOC) (ft TOC) Purged Units (ft BGL) (°C) pH (µS/cm) (mg/L) (mV) (mg/L) (mg/L) Sample 
                               
    
MW1S 11-51 10/23/03 30.36 54.04 70 gal –a 14.6 7.14 933 – 13 – – MRMW1S-W-16422 

6/2/04 26.97 53.94 53 gal – 14.4 7.16 970 – – – – MRMW1S-W-16461 
9/13/05 24.16 53.9 57 gal – 15.3 6.95 1174 7.17 200 0 55 MRMW1S-W-19259 
3/22/06 29 53.95 48 gal – 15.5 7.23 927 9.94 220 0.01 40 MRMW1S-W-20008 
9/20/06 26.82 53.97 55 gal – 15.7 7.12 973 7.52 – 0.03 40 MRMW1S-W-22495 
3/21/07 25.8 53.98 55 gal – 16.6 6.48 960 5.45 88 0 40 MRMW1S-W-16488 
10/1/07 21.65 53.95 63 gal – 16.0 6.80 886 6.79 128 0 30 MRMW1S-W-16595 
4/14/08 16.2 54 5.5 L – 13.9 7.09 1237 6.38 118 0.02 – MRMW1S-W-23230 
4/22/08 16 54 6.25 L – 15.6 6.96 1230 6.10 133 – – MRMW1S-W-23259 
5/1/08 – – 3.24 L 22 17.1 7.11 801 3.34 104 – – MRMW1S-22-W-23275 
5/1/08 – – 3.24 L 27 17.0 7.10 820 3.40 102 – – MRMW1S-27-W-23276 
5/1/08 – – 4.25 L 48 16.3 7.00 1301 3.03 118 – – MRMW1S-48-W-23277 

10/20/08 25.8 54 6 L 31 14.0 6.84 1265 5.40 103 0 – MRMW1S-W-27620 
10/21/08 – – TWVb – – 14.8 7.02 978 – – 0 – MRMW1S-W-27649 
4/24/09 24.4 54 5 L 39.2 16.2 7.00 986 8.93 75 0.04 – MRMW1S-W-27652 
9/3/09 19 54 8 L 35 16.0 6.94 1334 7.08 28 0.04 – MRMW1S-W-29942 
9/4/09 19.3 51.2 244 L 50 15.0 6.92 950 7.73 61 – – MRMW1S-W-29971 

    
MW1D 63-88 10/22/03 28.39 88.5 92 gal – 14.9 6.87 2620 – 25 – – MRMW1D-W-16421 

6/2/04 26.82 88.6 140 gal – 13.9 6.87 2460 – – – – MRMW1D-W-16458 
9/13/05 23.72 88.6 200 gal – 15.5 6.56 2470 – – – – MRMW1D-W-16518 
3/19/06 26.85 88.6 112 gal – 12.9 6.95 2460 5.11 230 0 – MRMW1D-W-19986 
9/20/06 25.52 88.8 125 gal – 12.5 6.93 2690 – – – – MRMW1D-W-16532 
3/21/07 25.79 88.8 125 gal – 15.3 6.39 2540 0.08 12 0.39 40 MRMW1D-W-16487 
10/1/07 22.75 89.38 130 gal – 16.3 6.60 2230 6.79 5 0.44 45 MRMW1D-W-16596 
4/14/08 29.51 89 6 L – 14.6 6.99 2637 0.50 32 0.73 – MRMW1D-W-23231 

10/20/08 30.4 89 7 L 75.5 13.4 6.83 2556 0.24 21 0.37 – MRMW1D-W-27621 
4/24/09 31 89 7 L 75.5 16.7 6.92 2419 0.37 22 0.28 – MRMW1D-W-27653 
9/3/09 27.05 89 6.5 L 75.5 16.9 7.00 2200 0.59 16 0.27 – MRMW1D-W-29943 

    
MW2S 13-53 10/22/03 42.21 53.35 PDSc – – 16.2 6.86 875 – 20 – – MRMW02-W-16419 

6/2/04 37.44 53.3 31 gal – 16.9 7.07 861 – – – – MRMW2S-W-16459 
9/14/05 33.68 53.33 38 gal – 15.2 6.94 801 7.85 142 – 65 MRMW2S-W-19264 
3/21/06 40.87 53.32 27 gal – 13.0 7.07 863 9.40 262 0.14 25 MRMW2S-W-19992 
9/18/06 36.53 53.3 28 gal – 13.6 6.99 844 6.81 69 0 80 MRMW2S-W-22488 
3/22/07 35.77 53.3 35 gal – 15.2 6.40 790 5.82 69 0 30 MRMW2S-W-16559 
10/3/07 31.17 53.4 44 gal – 16.8 6.97 703 6.70 269 0.01 30 MRMW2S-W-16587 
4/15/08 23.55 53.4 2.22 L – 11.7 7.23 742 3.22 75 0 – MRMW2S-W-23232 

10/21/08 33.7 53.5 5 L 33 13.4 7.08 745 8.55 104 0 – MRMW2S-W-27622 
10/21/08 – – TWV – – – – – – – – – MRMW2S-W-27652 
4/23/09 33.2 53.5 6.5 L 43.35 15.2 6.97 755 9.19 26 0 – MRMW2S-W-27654 
9/3/09 29.4 53.5 5.4 L 41.2 15.1 7.15 690 8.80 31.7 0.01 – MRMW2S-W-29944 

    
MW3S 18-48 10/23/03 36.47 47.79 73 gal – 16.8 7.23 655 – 6 – – MRMW03-W-16423 

6/2/04 30.67 47.5 34 gal – 14.2 7.23 664 – – – – MRMW3S-W-16462 
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TABLE 3.3  (Cont.)  

    
          Pump                 

Screen Depth to Depth of   Intake Dissolved Carbon 
Interval Sample Water Well Volume Volume Position Temperature Conductivity Oxygen ORP Iron II Dioxide 

Location (ft BGL) Date (ft TOC) (ft TOC) Purged Units (ft BGL) (°C) pH (µS/cm) (mg/L) (mV) (mg/L) (mg/L) Sample 
                               
    
MW3S 18-48 9/13/05 25.6 47.6 50 gal – 14.6 7.13 663 8.82 223 0 100 MRMW3S-W-19261 

3/23/06 35.62 47.74 28 gal – 8.9 7.16 662 6.74 269 0.08 25 MRMW3S-W-19994 
9/20/06 29.44 47.75 22 gal – 12.9 7.15 669 7.64 105 0 – MRMW3S-W-22496 
3/22/07 26.19 47.75 45 gal – 15.0 6.44 578 5.90 261 0.17 30 MRMW3S-W-16563 
10/3/07 22.7 47.9 50 gal – 15.3 6.97 594 0.38 282 0 20 MRMW3S-W-16585 
4/14/08 16.95 47.8 3.31 L – 13.7 7.17 693 3.52 165 0 – MRMW3S-W-23233 
4/22/08 15.8 47.8 6.5 L – 16.0 6.99 685 6.71 155 – – MRMW3S-W-23260 
5/1/08 – – 2.62 L 26 13.2 7.17 675 3.83 161.1 – – MRMW3S-26-W-23269 
5/1/08 – – 2.75 L 38 12.7 7.12 671 4.21 193 – – MRMW3S-38-W-23270 
5/1/08 – – 3.17 L 45 12.6 7.03 675 4.57 205 – – MRMW3S-45-W-23271 

10/21/08 27 47.8 4.2 L 33 12.6 7.17 673 6.42 115 0 – MRMW3S-W-27623 
10/21/08 – – TWV – – 14.3 7.11 522 – – 0 – MRMW3S-W-27650 
4/23/09 26.7 47.8 5 L 37.3 17.0 7.06 662 9.40 -63 0.01 – MRMW3S-W-27655 
9/3/09 22.4 47.8 5.5 L 35.2 16.3 7.28 640 7.69 12 0.01 – MRMW3S-W-29945 
9/4/09 22.55 47.8 190 L 46 14.2 6.57 659 9.09 95 – – MRMW3S-W-29972 

    
MW4S 17-47 10/21/03 46.4 47.8 PDS – – – 7.17 758 – – – – MRMW04-W-16418 

6/4/04 43.21 47.8 10 gal – 15.4 6.93 769 – – – – MRMW4S-W-16470 
9/14/05 36.21 47.81 8 gal – 15.4 7.30 751 8.00 174 0 50 MRMW4S-W-19262 
3/21/06 44.55 47.72 6 gal – 6.7 7.25 729 10.90 154 0 25 MRMW4S-W-19993 
9/18/06 41.56 47.75 5.25 gal – 13.1 7.25 728 8.05 41 0 50 MRMW4S-W-22487 
3/22/07 38.74 47.75 6 gal – 14.2 6.53 765 5.91 78 0.10 25 MRMW4S-W-16562 
10/3/07 31.11 47.73 30 gal – 16.4 6.95 715 7.40 281 0.10 30 MRMW4S-W-16586 
1/11/08 – – – – – 11.3 7.56 757 – – – – MOMW4S-W-011108 
4/14/08 26.32 47.85 2.48 L – 13.1 7.28 783 3.80 213 0 – MRMW4S-W-23234 

10/20/08 36.7 47.8 8 gal – 14.5 7.16 756 8.71 104 0 – MRMW4S-W-27624 
4/23/09 41.5 47.8 5 L 44.65 15.8 7.16 717 9.45 22 0.05 – MRMW4S-W-27656 
9/4/09 31.6 47.8 6 L 39.3 15.0 7.13 731 8.23 80 0.04 – MRMW4S-W-29946 

    
MW5S 15-55 10/22/03 31.4 55.72 48 gal – 15.3 7.10 816 – 6 – – MRMW05-W-16420 

6/2/04 26.33 55.65 >57 gal – 14.3 7.21 817 – – – – MRMW5S-W-16460 
9/13/05 22.66 54.2 75 gal – 16.0 7.04 763 13.90 228 0 60 MRMW5S-W-19260 
3/22/06 28.64 54.51 50 gal – 13.9 7.25 781 4.52 234 0.06 35 MRMW5S-W-19996 
9/20/06 25.43 54.63 52 gal – 13.9 7.19 787 5.82 73 0 35 MRMW5S-W-22493 
3/22/07 25.14 54.56 58 gal – 15.5 6.50 436 3.98 159 0.08 30 MRMW5S-W-16569 
10/3/07 19.55 54.65 68 gal – 16.5 7.18 850 1.87 268 0.04 25 MRMW5S-W-16588 
4/14/08 11.2 54.6 6 L – 14.1 6.90 1008 3.73 143 0.02 – MRMW5S-W-23235 
4/23/08 11.3 54.6 6.5 L – 14.9 6.88 1009 3.27 184 – – MRMW5S-W-23266 
5/1/08 – – 3.7 L 20 15.2 6.92 1014 2.99 126 – – MRMW5S-20-W-23272 
5/1/08 – – 3.4 L 28 15.1 6.90 997 2.38 124 – – MRMW5S-28-W-23273 
5/1/08 – – 4 L 52 15.1 6.89 989 2.06 128 – – MRMW5S-52-W-23274 

10/21/08 22.5 54.6 7 L 35 13.2 7.04 818 5.54 180 0 – MRMW5S-W-27625 
4/24/09 22.1 54.6 5.5 L 38.35 15.2 6.98 817 6.68 77 0 – MRMW5S-W-27657 
9/3/09 17.6 54.6 5.5 L 36.3 16.5 7.10 873 3.07 23 0.02 – MRMW5S-W-29947 

    
MW6S 10-25 6/3/04 3.34 26.9 45 gal – 15.1 6.89 2410 – – – – MRMW6S-W-16465 

9/14/05 4.7 26.9 43 gal – 14.1 7.06 2350 0.01 54 0 60 MRMW6S-W-19263 
3/20/06 5.35 26.91 43 gal – 9.8 6.91 2360 1.37 89 0.38 60 MRMW6S-W-19990 
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TABLE 3.3  (Cont.)  

    
          Pump                 

Screen Depth to Depth of   Intake Dissolved Carbon 
Interval Sample Water Well Volume Volume Position Temperature Conductivity Oxygen ORP Iron II Dioxide 

Location (ft BGL) Date (ft TOC) (ft TOC) Purged Units (ft BGL) (°C) pH (µS/cm) (mg/L) (mV) (mg/L) (mg/L) Sample 
                               
    
MW6S 10-25 9/18/06 5.48 26.92 27 gal – 12.5 6.96 2410 0.08 -29 0.35 85 MRMW6S-W-22486 

3/21/07 5.42 26.92 30 gal – 18.0 6.34 2450 0.12 75 0.78 40 MRMW6S-W-16486 
10/2/07 5 26.9 31 gal – 17.1 7.33 2280 0.20 61 0.19 35 MRMW6S-W-16583 
4/15/08 5.15 26.9 2.5 L – 8.7 6.99 2485 0.31 -76 0.41 – MRMW6S-W-23236 

10/20/08 5.7 26.9 5 L 17.5 14.3 6.84 2380 0.36 18 0.28 – MRMW6S-W-27626 
4/24/09 6.2 26.9 12 L 17.5 15.2 6.93 2270 0.19 -39 0.63 – MRMW6S-W-27658 
9/4/09 5.85 26.9 5.4 L 17.5 13.8 6.88 2302 0.64 79 0.32 – MRMW6S-W-29948 

    
MW7S 20-45 6/3/04 26.68 46.98 40 gal – 13.8 7.19 763 – – – – MRMW7S-W-16466 

9/12/05 17.57 46.94 55 gal – 15.0 7.26 760 8.35 240 0 50 MRMW7S-W-19258 
3/22/06 22.45 46.98 48 gal – 15.2 7.32 740 5.52 268 0.03 25 MRMW7S-W-20000 
9/19/06 20.94 47.02 56 gal – 13.2 7.15 764 7.37 114 0 25 MRMW7S-W-22490 
3/20/07 18.01 47.02 50 gal – 14.6 6.43 750 5.31 95 0 30 MRMW7S-W-16481 
10/1/07 12.4 47 70 gal – 15.6 6.99 725 7.76 269 0.01 35 MRMW7S-W-16581 
4/14/08 7.72 47 1.82 L – 13.4 7.21 811 2.50 276 0 – MRMW7S-W-23237 
4/23/08 7.8 47 11 L – 14.0 7.00 822 7.41 191 – – MRMW7S-W-23265 

10/20/08 17.2 47 6.3 L 32.5 14.9 7.02 802 6.38 87 0 – MRMW7S-W-27627 
4/23/09 16.7 47 7 L 32.5 16.1 7.01 727 9.48 -53 0.01 – MRMW7S-W-27659 
9/3/09 13.8 47 9 L 32.5 17.4 7.58 814 9.86 102 0.02 – MRMW7S-W-29949 

    
MW8S 10-25 6/3/04 3.7 26.75 45 gal – 12.8 7.12 941 – – – – MRMW8S-W-16464 

9/14/05 4.02 26.82 57 gal – 14.1 7.30 853 0.02 65 0 40 MRMW8S-W-19265 
3/20/06 4.57 26.41 43 gal – 12.5 7.04 954 0.90 153 0.05 30 MRMW8S-W-19991 
9/19/06 4.76 26.83 45 gal – 11.8 7.09 903 0.58 284 0.13 50 MRMW8S-W-22492 
3/20/07 2.63 26.82 49 gal – 11.0 6.52 1026 0.77 76 0 30 MRMW8S-W-16483 
10/2/07 2.2 26.8 48 gal – 15.2 6.76 607 2.66 209 0.02 25 MRMW8S-W-16584 
4/15/08 0.7 26.8 5.5 L – 10.2 7.27 1067 1.58 170 0 – MRMW8S-W-23238 

10/20/08 3.6 26.8 8 L 17.5 14.0 6.91 1002 0.93 69 0 – MRMW8S-W-27628 
4/23/09 2.3 26.8 6 L 17.5 11.4 6.88 825 1.76 -35 0.02 – MRMW8S-W-27660 
9/3/09 2.9 26.8 8.5 L 17.5 14.1 7.52 890 2.09 115 0 – MRMW8S-W-29950 

    
MW9S 38.83-53.83 3/22/06 20.2 58.62 20 gal – 14.6 7.17 715 0.41 25 0 35 MRMW9S-W-20004 

9/19/06 18.87 59 22 gal – 13.0 7.08 707 0.10 113 0 55 MRMW9S-W-22494 
3/20/07 16.69 59 22 gal – 14.2 6.39 714 0.21 40 0 20 MRMW9S-W-16480 
10/1/07 14 58.6 23 gal – 15.5 7.05 664 5.50 191 0 30 MRMW9S-W-16582 
4/14/08 16.58 58.63 2.29 L – 12.6 7.33 709 1.93 266 0.07 – MRMW9S-W-23239 

10/20/08 21.5 58.5 11 L 46.33 15.1 7.15 690 6.18 106 0 – MRMW9S-W-27629 
4/23/09 21.9 58.5 5.5 L 46.33 16.0 7.17 669 5.99 -65 0.07 – MRMW9S-W-27661 
9/4/09 19.95 58.5 5 L 46.33 17.3 7.18 684 5.33 52 0.03 – MRMW9S-W-29951 

    
MW10S 30-45 3/21/06 12.3 49.6 19 gal – 6.3 7.11 701 2.10 88 0.01 40 MRMW10S-W-19999 

9/18/06 11.08 49.61 20 gal – 14.3 7.17 701 0.04 24 0.08 60 MRMW10S-W-22489 
3/21/07 10.77 49.61 20 gal – 14.5 6.51 720 0.88 11 0 30 MRMW10S-W-16485 
10/1/07 6.95 49.65 20 gal – 16.3 6.97 664 0.35 248 0.04 35 MRMW10S-W-16593 
4/14/08 9.82 49.7 1.9 L – 16.0 7.25 723 1.25 181 0 – MRMW10S-W-23240 

10/20/08 13.7 49.7 5.4 L 37.5 14.3 7.03 710 1.02 56 0 – MRMW10S-W-27630 
4/23/09 13.6 45 7.5 L 37.5 15.1 7.05 668 1.78 -57 0.07 – MRMW10S-W-27662 
9/3/09 12 49.7 7.5 L 37.5 14.3 7.59 731 2.03 86 0.07 – MRMW10S-W-29952 
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TABLE 3.3  (Cont.)  

    
          Pump                 

Screen Depth to Depth of   Intake Dissolved Carbon 
Interval Sample Water Well Volume Volume Position Temperature Conductivity Oxygen ORP Iron II Dioxide 

Location (ft BGL) Date (ft TOC) (ft TOC) Purged Units (ft BGL) (°C) pH (µS/cm) (mg/L) (mV) (mg/L) (mg/L) Sample 
                               
    
MW11S 53-68 3/22/06 35.2 72.5 20 gal – 14.8 7.33 762 9.40 237 0.06 30 MRMW11S-W-20001 

9/19/06 36 73.14 20 gal – 13.0 7.24 764 1.42 158 0.02 30 MRMW11S-W-22491 
3/20/07 34.65 73.14 20 gal – 14.6 6.33 782 3.90 76 0 30 MRMW11S-W-16479 
10/1/07 31.55 73 20 gal – 16.4 6.49 624 6.57 241 0.04 35 MRMW11S-W-16594 
4/15/08 29.9 72.7 5.5 L – 13.9 7.30 785 6.14 152 0 – MRMW11S-W-23241 
4/22/08 30.2 72.7 7.2 L – 15.1 7.25 790 6.22 163 – – MRMW11S-W-23261 

10/20/08 37.1 72.7 9 L 60.5 14.3 7.16 756 8.95 104 0 – MRMW11S-W-27631 
10/21/08 – – TWV – – 14.8 7.19 766 – – 0 – MRMW11S-W-27651 
4/23/09 38.1 72.7 5 L 60.5 16.5 7.19 722 9.03 -62 0.09 – MRMW11S-W-27663 
9/3/09 34.7 72.7 7.5 L 60.5 13.9 7.63 777 9.35 102 0.05 – MRMW11S-W-29953 
9/4/09 34.95 72.7 72 L 67 16.2 6.69 721 8.78 100 – – MRMW11S-W-29973 

    
Isch – 2/19/04 – – Pumpd – – – – – – – – – MRJR-W-16502 

9/14/05 – – Pump – – 20.4 6.73 2300 – – – – MRPRISCH-W-16513 
3/23/06 – – 20 gal – 13.0 7.23 9400 – – – – MRISCH-W-19989 
9/19/06 – – Pump – – – – – – – – – MRISCH-W-16531 
3/22/07 – – Pump – – – – – – – – – MRISCH-W-16564 
10/3/07 – – Pump – – – – – – – – – MRISCH-W-16590 
4/15/08 – – Pump – – 12.6 7.33 3160 – – 0.28 – MRISCH-W-23242 

10/21/08 – – Pump – – – – – – – – – MRISCH-W-27632 
4/22/09 – – Pump – – 15.3 6.70 2389 – – 0.04 – MRISCH-W-27664 
9/2/09 – – Pump – – 13.9 7.18 2600 – – – – MRISCH-W-29954 

    
Rillinger – 6/4/04 – – Pump – – 15.9 6.99 2450 – – – – MRPRIVRIL-W-16471 

9/14/05 – – Pump – – – – – – – – – MRPRILL-W-16512 
3/19/06 – – Pump – – 11.9 7.05 2550 – – – – MRRILINGER-W-19988 
9/19/06 – – Pump – – – – – – – – – MRRILI-W-16530 
3/29/07 – – Pump – – – – – – – – – MRRILINGER-W-16561 
10/3/07 – – Pump – – – – – – – – – MRRILINGER-W-16591 
1/11/08 – – Pump – – 12.2 7.46 884 – – – – MORIL-W-11108 
4/15/08 – – Pump – – 12.0 7.56 868 – – 0 – MRRILINGER-W-23243 

10/21/08 – – Pump – – – – – – – – – MRRILLINGER-W-27633 
4/22/09 – – Pump – – 14.5 7.14 2279 – – 0.01 – MRRILLINGER-W-27665 
9/2/09 – – Pump – – 14.8 7.60 809 – – – – MRRILLINGER-W-29955 

    
Stone 43e 6/4/04 23.35 – PDS – – 17.1 7.35 682 – – – – MRPRIVSTON-W-16475 

9/14/05 17.18 40 – – – 17.3 6.81 638 – – – – MRPRSTON-W-16511 
3/19/06 17.42 40 100 gal – 12.9 6.42 650 – 213 0 – MRSTONE-W-19987 
9/19/06 18.55 38.8 41 gal – 16.7 7.12 639 – – – – MRSTONE-W-16529 
3/22/07 20.62 38.8 56 gal – 16.7 6.58 679 4.71 19 0.28 35 MRSTONE-W-16560 
10/3/07 14.6 38.6 72 gal – 16.1 6.97 564 7.07 225 0.07 25 MRSTONE-W-16589 
4/15/08 – 38.86 – – – 11.3 7.45 557 – – 0 – MRSTONE-W-23244 

10/21/08 – 5 gal – – – – – – – – MRSTONE-W-27634 
4/23/09 – – 5 gal – 13.9 7.12 588 – – – – MRSTONE-W-27666 
9/2/09 – – 5 gal – 13.8 7.40 623 – – – – MRSTONE-W-29956 
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TABLE 3.3  (Cont.)  

    
          Pump                 

Screen Depth to Depth of   Intake Dissolved Carbon 
Interval Sample Water Well Volume Volume Position Temperature Conductivity Oxygen ORP Iron II Dioxide 

Location (ft BGL) Date (ft TOC) (ft TOC) Purged Units (ft BGL) (°C) pH (µS/cm) (mg/L) (mV) (mg/L) (mg/L) Sample 
                               
    
 
a Not measured. 
 
b TWV, three well volumes. 
 
c PDS, purged dry and then sampled. 
 
d The well's dedicated pump was used for sampling. The pump was allowed to run before the sample was collected. 
 
e Total depth. 
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TABLE 3.4  Results of analyses at the AGEM Laboratory for volatile organic compounds in surface 
water and sediment samples collected at Morrill, March 2007 to September 2009.a 

        
Concentration (µg/L in water; µg/kg in sediment) 

    
Sample Carbon Methylene Quantitation 

Location Sample Date Medium Tetrachloride Chloroform Chloride Limit 
        
    
SM1 MRSM1-W-16572 3/22/07 Water NDb ND ND 1 

MRSM1-S-16573 3/22/07 Sediment ND ND ND 10 
MRSM1-W-16583 10/8/07 Water ND ND ND 1 
MRSM1-S-16584 10/8/07 Sediment ND ND ND 10 
MRSM1-W-23254 4/14/08 Water ND ND ND 1 
MRSM1-S-23254 4/14/08 Sediment ND ND ND 10 
MRSM1-W-27644 10/20/08 Water ND ND ND 1 
MRSM1-S-27644 10/20/08 Sediment ND ND ND 10 
MRSM1-W-27676 4/22/09 Water ND ND ND 1 
MRSM1-S-27676 4/22/09 Sediment ND ND ND 10 
MRSM1-W-29966 9/2/09 Water ND ND ND 1 
MRSM1-S-29966 9/2/09 Sediment ND ND ND 10 

    
SM2 MRSM2-W-16574 3/22/07 Water ND ND ND 1 

MRSM2-S-16575 3/22/07 Sediment ND ND ND 10 
MRSM2-W-16585 10/8/07 Water ND ND ND 1 
MRSM2-S-16586 10/8/07 Sediment ND ND ND 10 
MRSM2-W-23255 4/14/08 Water ND ND ND 1 
MRSM2-S-23255 4/14/08 Sediment ND ND ND 10 
MRSM2-W-27645 10/20/08 Water ND ND ND 1 
MRSM2-S-27645 10/20/08 Sediment ND ND ND 10 
MRSM2-W-27677 4/22/09 Water ND ND ND 1 
MRSM2-S-27677 4/22/09 Sediment ND ND ND 10 
MRSM2-W-29967 9/2/09 Water ND ND ND 1 
MRSM2-S-29967 9/2/09 Sediment ND ND ND 10 

    
SM3 MRSM3-W-16576 3/22/07 Water ND ND ND 1 

MRSM3-S-16577 3/22/07 Sediment ND ND ND 10 
MRSM3-W-16587 10/8/07 Water ND ND ND 1 
MRSM3-S-16588 10/8/07 Sediment ND ND ND 10 
MRSM3-W-23256 4/14/08 Water ND ND ND 1 
MRSM3-S-23256 4/14/08 Sediment ND ND ND 10 
MRSM3-W-27646 10/20/08 Water ND ND ND 1 
MRSM3-S-27646 10/20/08 Sediment ND ND ND 10 
MRSM3-W-27678 4/22/09 Water ND ND ND 1 
MRSM3-S-27678 4/22/09 Sediment ND ND ND 10 
MRSM3-W-29968 9/2/09 Water ND ND ND 1 
MRSM3-S-29968 9/2/09 Sediment ND ND ND 10 

    
SM4 MRSM4-W-16578 3/22/07 Water ND ND ND 1 

MRSM4-S-16579 3/22/07 Sediment ND ND ND 10 
MRSM4-W-16589 10/8/07 Water ND ND ND 1 
MRSM4-S-16590 10/8/07 Sediment ND ND ND 10 
MRSM4-W-23257 4/14/08 Water ND ND ND 1 
MRSM4-S-23257 4/14/08 Sediment ND ND ND 10 
MRSM4-W-27647 10/20/08 Water ND ND ND 1 
MRSM4-S-27647 10/20/08 Sediment ND ND ND 10 
MRSM4-W-27679 4/22/09 Water ND ND ND 1 
MRSM4-S-27679 4/22/09 Sediment ND ND ND 10 
MRSM4-W-29969 9/2/09 Water ND ND ND 1 
MRSM4-S-29969 9/2/09 Sediment ND ND ND 10 
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TABLE 3.4  (Cont.)  

        
Concentration (µg/L in water; µg/kg in sediment) 

    
Sample Carbon Methylene Quantitation 

Location Sample Date Medium Tetrachloride Chloroform Chloride Limit 
       
   
SMB MRSMB-W-16570 3/22/07 Water ND ND ND 1 

MRSMB-S-16571 3/22/07 Sediment ND ND ND 10 
MRSMB-W-16581 10/8/07 Water ND ND ND 1 
MRSMB-S-16582 10/8/07 Sediment ND ND ND 10 
MRSMB-W-23258 4/14/08 Water ND ND ND 1 
MRSMB-S-23258 4/14/08 Sediment ND ND ND 10 
MRSMB-W-27648 10/20/08 Water ND ND ND 1 
MRSMB-S-27648 10/20/08 Sediment ND ND ND 10 
MRSMB-W-27680 4/22/09 Water ND ND ND 1 
MRSMB-S-27680 4/22/09 Sediment ND ND ND 10 
MRSMB-W-29970 9/2/09 Water ND ND ND 1 
MRSMB-S-29970 9/2/09 Sediment ND ND ND 10 

       

 
a Analyses conducted at the AGEM Laboratory, Argonne, Illinois, with EPA Method 524.2 for surface water 

samples or modified EPA Method 5030B/8260B for sediment samples. 
 
b ND, not detected at the instrument detection limit of 0.1 µg/L for surface water samples or 1.0 µg/kg for 

sediment samples. 
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TABLE 3.5  Results of analyses at the AGEM Laboratory for carbon 
tetrachloride and chloroform in vegetation samples collected at Morrill, 
October 2006 to August 2009.a 

   
     Concentration (µg/kg) 
   

Sample Carbon 
Location Sample Date Type Tetrachloride Chloroform 

           
   
MR001 MR001-B-18959 10/14/06 Branch NDb 1.6 

MR001-L-18958 10/14/06 Leaf ND 3.3 
MR001-B-23173 4/2/07 Branch ND ND 
MR001-B-23213 7/26/07 Branch ND ND 
MR001-L-23212 7/26/07 Leaf ND ND 
MR001-B-16623 7/24/08 Branch ND ND 

 MR001-B-29924 8/27/09 Branch ND ND 
       
MR001A MR001A-B-16622 7/24/08 Branch ND ND 
   
MR002 MR002-B-18961 10/14/06 Branch ND ND 

MR002-L-18960 10/14/06 Leaf ND ND 
MR002-B-23174 4/2/07 Branch ND 1.5 
MR002-B-23211 7/26/07 Branch ND ND 
MR002-L-23210 7/26/07 Leaf ND 1.3 
MR002-B-16621 7/24/08 Branch ND ND 

 MR002-B-29923 8/27/09 Branch ND ND 
       
MR003 MR003-B-18963 10/14/06 Branch ND 1.5 

MR003-L-18962 10/14/06 Leaf ND 1.8 
MR003-B-23175 4/2/07 Branch ND ND 
MR003-B-23209 7/26/07 Branch ND ND 
MR003-L-23208 7/26/07 Leaf ND 0.8 
MR003-B-16620 7/24/08 Branch ND ND 

 MR003-B-29922 8/27/09 Branch ND ND 
       
MR004 MR004-B-18965 10/14/06 Branch ND 2.1 

MR004-L-18964 10/14/06 Leaf ND ND 
MR004-B-23176 4/2/07 Branch ND ND 
MR004-B-23205 7/26/07 Branch ND ND 
MR004-L-23204 7/26/07 Leaf ND ND 
MR004-B-16619 7/24/08 Branch ND ND 

 MR004-B-29921 8/27/09 Branch ND ND 
       
MR005 MR005-B-18967 10/14/06 Branch ND ND 

MR005-L-18966 10/14/06 Leaf ND 1.2 
MR005-B-23177 4/2/07 Branch ND ND 
MR005-B-23207 7/26/07 Branch ND ND 
MR005-L-23206 7/26/07 Leaf ND 1.4 

   
MR005A MR005-B-16618 7/24/08 Branch ND ND 
 MR005A-B-29920 8/27/09 Branch ND ND 
       
MR006 MR006-B-18969 10/14/06 Branch ND 3.8 

MR006-L-18968 10/14/06 Leaf ND ND 
MR006-B-23161 4/2/07 Branch ND ND 
MR006-B-23181 7/26/07 Branch ND ND 
MR006-L-23180 7/26/07 Leaf ND 1.3 
MR006-B-16625 7/24/08 Branch ND ND 

 MR006-B-29930 8/27/09 Branch ND ND 
 



2009 Monitoring Results for Morrill, Kansas 3-21 
Version 01, 08/05/10 
 

 

TABLE 3.5  (Cont.)  

   
     Concentration (µg/kg) 
   

Sample Carbon 
Location Sample Date Type Tetrachloride Chloroform 

           
   
MR007 MR007-B-18971 10/14/06 Branch ND 1.6 

MR007-L-18970 10/14/06 Leaf ND 2.0 
MR007-B-23162 4/2/07 Branch ND ND 
MR007-B-23183 7/26/07 Branch 0.1 ND 
MR007-L-23182 7/26/07 Leaf ND 1.3 
MR007-B-16626 7/24/08 Branch ND ND 

 MR007-B-29932 8/27/09 Branch 0.7 0.8 
       
MR008 MR008-B-18973 10/14/06 Branch ND 1.3 

MR008-L-18972 10/14/06 Leaf ND 2.5 
MR008-B-23163 4/2/07 Branch ND 0.8 
MR008-B-23185 7/26/07 Branch ND ND 
MR008-L-23184 7/26/07 Leaf ND ND 
MR008-B-16627 7/24/08 Branch ND ND 

 MR008-B-29933 8/27/09 Branch ND ND 
       
MR009 MR009-B-18975 10/14/06 Branch ND 0.9 

MR009-L-18974 10/14/06 Leaf ND 2.5 
MR009-B-23165 4/2/07 Branch ND ND 
MR009-B-23189 7/26/07 Branch ND ND 
MR009-L-23188 7/26/07 Leaf ND 1.5 
MR009-B-16629 7/24/08 Branch ND ND 

 MR009-B-29935 8/27/09 Branch ND ND 
       
MR010 MR010-B-18977 10/14/06 Branch ND 3.4 

MR010-L-18976 10/14/06 Leaf ND ND 
MR010-B-23167 4/2/07 Branch ND ND 
MR010-B-23193 7/26/07 Branch ND 0.8 
MR010-L-23192 7/26/07 Leaf ND 1.4 
MR010-B-16631 7/24/08 Branch 0.1 1.4 

 MR010-B-29936 8/27/09 Branch ND ND 
       
MR011 MR011-B-18979 10/14/06 Branch ND 2.2 

MR011-L-18978 10/14/06 Leaf ND 2.6 
MR011-B-23168 4/2/07 Branch ND ND 
MR011-B-23195 7/26/07 Branch ND ND 
MR011-L-23194 7/26/07 Leaf ND 1.7 
MR011-B-16632 7/24/08 Branch ND ND 

 MR011-B-29937 8/27/09 Branch ND ND 
        
MR012 MR012-B-18981 10/14/06 Branch ND 2.1 

MR012-L-18980 10/14/06 Leaf ND 2.9 
MR012-B-23169 4/2/07 Branch ND ND 
MR012-B-23197 7/26/07 Branch ND ND 
MR012-L-23196 7/26/07 Leaf ND 1.4 
MR012-B-16633 7/24/08 Branch ND ND 

 MR012-B-29938 8/27/09 Branch ND ND 
       
MR013 MR013-B-18983 10/14/06 Branch ND ND 

MR013-L-18982 10/14/06 Leaf ND 2.2 
MR013-B-23160 4/2/07 Branch ND ND 
MR013-B-23179 7/26/07 Branch ND ND 
MR013-L-23178 7/26/07 Leaf ND ND 
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TABLE 3.5  (Cont.)  

   
     Concentration (µg/kg) 
   

Sample Carbon 
Location Sample Date Type Tetrachloride Chloroform 

           
   
MR013 MR013-B-16624 7/24/08 Branch ND ND 
 MR013-B-29931 8/27/09 Branch ND ND 
       
MR014 MR014-B-23164 4/2/07 Branch ND ND 

MR014-B-23187 7/26/07 Branch 0.3 ND 
MR014-L-23186 7/26/07 Leaf ND ND 
MR014-B-16628 7/24/08 Branch ND ND 

 MR014-B-29934 8/27/09 Branch ND ND 
       
MR015 MR015-B-23166 4/2/07 Branch ND 0.8 

MR015-B-23191 7/26/07 Branch ND ND 
MR015-L-23190 7/26/07 Leaf ND ND 
MR015-B-16630 7/24/08 Branch ND ND 

   
MR016 MR016-B-23170 4/2/07 Branch ND 1.1 

MR016-B-23199 7/26/07 Branch ND ND 
MR016-L-23198 7/26/07 Leaf ND ND 
MR016-B-16634 7/24/08 Branch ND ND 

 MR016-B-29939 8/27/09 Branch ND ND 
       
MR017 MR017-B-23171 4/2/07 Branch ND ND 

MR017-B-23203 7/26/07 Branch ND ND 
MR017-L-23202 7/26/07 Leaf ND ND 
MR017-B-16635 7/24/08 Branch ND ND 

 MR017-B-29940 8/27/09 Branch 0.1 ND 
       
MR018 MR018-B-23172 4/2/07 Branch ND ND 

MR018-B-23201 7/26/07 Branch ND ND 
MR018-L-23200 7/26/07 Leaf ND 3.2 
MR018-B-16636 7/24/08 Branch ND ND 

 MR018-B-29941 8/27/09 Branch 0.2 ND 
       
MR019 MR019-B-16637 7/24/08 Branch 0.1 ND 
 MR019-B-29929 8/27/09 Branch ND ND 
       
MR020 MR020-B-20021 7/24/08 Branch ND ND 
 MR020-B-29928 8/27/09 Branch ND ND 
       
MR021 MR021-B-20022 7/24/08 Branch ND ND 
 MR021-B-29926 8/27/09 Branch ND ND 
       
MR022 MR022-B-20023 7/24/08 Branch ND ND 
   
MR023 MR023-B-20024 7/24/08 Branch ND ND 
 MR023-B-29925 8/27/09 Branch 0.2 ND 
       
MR024 MR024-B-20025 7/24/08 Branch ND ND 
 MR024-B-29927 8/27/09 Branch ND ND 
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TABLE 3.5  (Cont.)  

   
     Concentration (µg/kg) 
   

Sample Carbon 
Location Sample Date Type Tetrachloride Chloroform 

           
   
a Analyses conducted at the AGEM Laboratory, Argonne, Illinois, with modified 

EPA Method 5021 (headspace analysis on a gas chromatograph with electron 
capture detection). 

 
b ND, not detected at the method reporting limit of 0.1 µg/kg for carbon 

tetrachloride or 0.75 µg/kg for chloroform. 
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FIGURE 3.1a  Potentiometric surface at Morrill, based on water levels measured manually on April 30, 2008. 
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FIGURE 3.1b  Potentiometric surface at Morrill, based on water levels measured manually on September 19, 2008. 
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FIGURE 3.1c  Potentiometric surface at Morrill, based on water levels measured manually on March 25, 2009. 
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FIGURE 3.1d  Potentiometric surface at Morrill, based on water levels measured manually on May 8, 2009. 
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FIGURE 3.1e  Potentiometric surface at Morrill, based on water levels measured manually on October 20, 2009. 



 

 

2009 M
onitoring R

esults for M
orrill, K

ansas
3-29

V
ersion 01, 08/05/10 

Morrill Water Levels
1-1-08 to 12-31-08

1070

1075

1080

1085

1090

1095

1100

1105

1110

1115

1120

1125

1130

1/1/08 1/29/08 2/26/08 3/25/08 4/22/08 5/20/08 6/17/08 7/15/08 8/12/08 9/9/08 10/7/08 11/4/08 12/2/08 12/30/08

Date and Time

W
at

er
 L

ev
el

, f
t a

m
sl

0.0

0.5

1.0

1.5

2.0

2.5

3.0

D
ai

ly
 R

ai
nf

al
l a

t P
ow

ha
tt

an
, i

n

MW1s MW2s MW3s MW4s
MW6s MW7s MW8s MW1d
MW11s Rainfall

 

FIGURE 3.2a  Hydrographs summarizing results of long-term water level monitoring in wells MW1S-MW4S and MW6S-MW8S at Morrill, from 
January 1, 2008, to December 31, 2008. 
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FIGURE 3.2b  Hydrographs summarizing results of long-term water level monitoring in wells MW1S-MW4S and MW6S-MW8S at Morrill, from 
January 1, 2009, to September 19, 2009. 
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FIGURE 3.3a  Carbon tetrachloride concentrations in groundwater at Morrill, April 2009. 
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FIGURE 3.3b  Carbon tetrachloride concentrations in groundwater at Morrill, September 2009. 
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FIGURE 3.4a  Carbon tetrachloride concentrations in groundwater at Morrill, April 2008. 
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FIGURE 3.4b  Carbon tetrachloride concentrations in groundwater at Morrill, October 2008. 
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FIGURE 3.5  Carbon tetrachloride concentrations in vegetation at Morrill, August 2009. 
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4  Conclusions and Recommendations 

 
4.1  Conclusions  

The findings of the April and September 2009 monitoring events at Morrill support the 

following conclusions:  

 Groundwater flow during the early spring and the later part of this review 

period was predominantly to the south-southeast, from the vicinity of the 

former CCC/USDA facility toward Terrapin Creek. In late spring, a slight 

shift occurred toward more southerly groundwater flow (possibly 

southwesterly in the immediate vicinity of the intermittent tributary that flows 

into Terrapin Creek). This shift in the late spring reflected transient seasonal 

precipitation and recharge that resulted in higher groundwater levels at this 

time.  

 No significant changes were observed in the levels or distribution of carbon 

tetrachloride in the groundwater at Morrill during the current review period, or 

in comparison to the results of the spring and fall 2008 monitoring events. A 

maximum carbon tetrachloride concentration of 28-30 g/L was identified in 

groundwater — at well MW3S — during both the April and September 2009 

sampling events. 

 No carbon tetrachloride contamination was detected in surface waters or 

shallow streambed sediments sampled at five locations along Terrapin Creek, 

downgradient from the former CCC/USDA facility.  

 Sampling of tree branch tissues from existing trees for VOCs analyses can be 

an indicator of shallow subsurface groundwater contamination. Detections of 

carbon tetrachloride in vegetation at the Morrill site to date have been 

generally consistent with the documented location of the groundwater plume. 

Trace concentrations of carbon tetrachloride were detected in vegetation 

samples collected from trees at 4 of the 22 sampled locations south 

(downgradient) of the former CCC/USDA facility. The trace detections in 

vegetation occurred (1) at the former CCC/USDA facility, (2) at a surface 
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location immediately downslope and downgradient from monitoring well 

MW8S, and (3) near a dry wash that discharges into Terrapin Creek west of 

well MW6S. The low-level detections in vegetation near the creek in the 

absence of detectable contamination in surface water and sediment confirm 

the value of vegetation sampling as an early indicator of contaminant 

migration.  

 
4.2  Recommendations  

 A work plan for the investigation of the potential for vapor intrusion into 

homes along the identified extent of the carbon tetrachloride plume and 

extending 100 ft laterally has been submitted and approved by the KDHE 

(2010). Argonne and the CCC/USDA will conduct this investigation under 

optimal indoor air sampling conditions in 2010. 

 Comparisons of the low-flow and three-well-volume purging methods indicate 

that low-flow sampling provides representative results at a majority of the 

Morrill monitoring wells, with MW5S and MW1S as possible exceptions. 

Modified or alternative sampling methods should be investigated to ensure 

that representative samples for analysis can be reliably obtained from these 

wells. 

 The April 2008 event apparently represented a statistical abnormality 

(Argonne 2009). Continued monitoring of the Morrill network will confirm 

whether the April 2008 results represented only a limited variation due to 

atypical weather and groundwater conditions. 

 The frequency of sampling should be decreased from twice yearly to once 

yearly, at the locations established under the approved monitoring plan 

(Argonne 2005b). The annual events will involve sampling of groundwater 

from the existing network of 12 monitoring wells and 3 private wells, as well 

as sampling of surface waters and stream bed sediments at the 5 established 

locations along Terrapin Creek. The accumulated results of 11 monitoring 

events, beginning in 2003, have demonstrated little change in the carbon 
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tetrachloride contamination in terms of migration, concentration, or internal 

distribution in the affected area. Annual monitoring will be adequate to track 

future changes.  

 Annual vegetation sampling should be continued as part of the monitoring 

program. Results of research at the CCC/USDA Murdock, Nebraska, 

remediation site have shown that annual sampling at the height of the growing 

season is a sensitive indicator of contaminant migration and uptake by trees.  
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Sequence of Sampling Activities at Morrill in April-September 2009 
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TABLE C.1  Sequence of sampling activities in April-September 2009 at Morrill, Kansas. 

                
Sample      Depth Chain of Shipping  

Date Time Sample Medium Typea Location (ft BGL) Custody Date Sample Description 
                
           
April 2009 monitoring       
           
4/22/09 16:50 MRISCH-W-27664 Water DW Isch – 2821 4/22/09 Well had been pumping almost all day. 
4/22/09 17:04 MRRILLINGER-W-27665 Water DW Rillinger – 2821 4/22/09 Allowed pump to run for 5 min, then 

sampled. 
4/22/09 17:30 MRQCTB-W-27670 Water TB QC – 2821 4/22/09 Trip blank sent to the AGEM Laboratory for 

organic analysis with water samples 
listed on COC 2821. 

4/22/09 17:55 MRSM4-W-27679 Water NA SM4 – 2821 4/22/09 Water sample from Terrapin Creek. 
4/22/09 17:56 MRSM4-S-27679 Soil NA SM4 – 2822 4/22/09 Sediment sample from Terrapin Creek. 
4/22/09 18:02 MRSM3-W-27678 Water NA SM3 – 2821 4/22/09 Water sample from Terrapin Creek. 
4/22/09 18:03 MRSM3-S-27678 Soil NA SM3 – 2822 4/22/09 Sediment sample from Terrapin Creek. 
4/22/09 18:09 MRSM2-W-27677 Water NA SM2 – 2821 4/22/09 Water sample from Terrapin Creek. 
4/22/09 18:10 MRSM2-S-27677 Soil NA SM2 – 2822 4/22/09 Sediment sample from Terrapin Creek. 
4/22/09 18:16 MRSM1-W-27676 Water NA SM1 – 2821 4/22/09 Water sample from Terrapin Creek. 
4/22/09 18:17 MRSM1-S-27676 Soil NA SM1 – 2822 4/22/09 Sediment sample from Terrapin Creek. 
4/22/09 18:25 MRSMB-W-27680 Water NA SMB – 2821 4/22/09 Water sample from Terrapin Creek. 
4/22/09 18:26 MRSMB-S-27680 Soil NA SMB – 2822 4/22/09 Sediment sample from Terrapin Creek. 
4/23/09 9:42 MRMW10S-W-27662 Water MW MW10S 30-45 6199 4/23/09 Depth to water = 13.6 ft. Depth of 2-in. 

well = 45 ft. Sample collected by using 
low-flow bladder pump after purging of 
7.5 L. Pump intake positioned at 37.5 ft. 

4/23/09 10:44 MRMW8S-W-27660 Water MW MW8S 10-25 6199 4/23/09 Depth to water = 2.3 ft. Depth of 4-in. well = 
26.8 ft. Sample collected by using low-
flow bladder pump after purging of 6 L. 
Pump intake positioned at 17.5 ft. 

4/23/09 10:45 MRMW8SDUP-W-27668 Water MW MW8S 10-25 6199 4/23/09 Replicate of sample MRMW8S-W-27660. 
4/23/09 11:30 MRMW7S-W-27659 Water MW MW7S 20-45 6199 4/23/09 Depth to water = 16.7 ft. Depth of 4-in. 

well = 47 ft. Sample collected by using 
low-flow bladder pump after purging of 
7 L. Pump intake positioned at 32.5 ft. 

4/23/09 11:37 MRQCIR-W-27673 Water RI QC – 6199 4/23/09 Rinsate of decontaminated sampling line 
after collection of sample MRMW7S-W-
27659. 

4/23/09 12:22 MRMW9S-W-27661 Water MW MW9S 38.83-
53.83 

6199 4/23/09 Depth to water = 21.9 ft. Depth of 2-in. well 
= 58.5 ft. Sample collected by using low-
flow bladder pump after purging of 5.5 L. 
Pump intake positioned at 46.33 ft. 
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TABLE C.1  (Cont.)  

                
Sample      Depth Chain of Shipping  

Date Time Sample Medium Typea Location (ft BGL) Custody Date Sample Description 
                
           
April 2009 monitoring (cont.)       
           
4/23/09 13:00 MRMW11S-W-27663 Water MW MW11S 53-68 6199 4/23/09 Depth to water = 38.1 ft. Depth of 2-in. 

well = 72.7 ft. Sample collected by using 
low-flow bladder pump after purging of 
5 L. Pump intake positioned at 60.5 ft. 

4/23/09 13:40 MRMW3S-W-27655 Water MW MW3S 18-48 6199 4/23/09 Depth to water = 26.7 ft. Depth of 4-in. 
well = 47.8 ft. Sample collected by using 
low-flow bladder pump after purging of 
5 L. Pump intake positioned at 37.3 ft. 

4/23/09 15:15 MRQCTB-W-27671 Water TB QC – 6199 4/23/09 Trip blank sent to the AGEM Laboratory for 
organic analysis with water samples 
listed on COC 6199 and to TestAmerica 
with verification samples listed on COC 
6196. 

4/23/09 15:26 MRMW4S-W-27656 Water MW MW4S 17-47 6199 4/23/09 Depth to water = 41.5 ft. Depth of 4-in. 
well = 47.8 ft. Sample collected by using 
bailer after purging of 5 L. Pump intake 
positioned at 44.65 ft. 

4/23/09 15:30 MRTD12-W-27667 Water DW TD12 27-67 6199 4/23/09 Collected from tile drain flowing into 
Terrapin Creek. 

4/23/09 16:16 MRMW2S-W-27654 Water MW MW2S 13-53 6199 4/23/09 Depth to water = 33.2 ft. Depth of 4-in. 
well = 53.5 ft. Sample collected by using 
low-flow bladder pump after purging of 
6.5 L. Pump intake positioned at 43.35 ft.

4/23/09 16:38 MRSTONE-W-27666 Water DW Stone 43 6199 4/23/09 Purged 5 gal with bailer, then sampled. 
4/24/09 8:16 MRMW5S-W-27657 Water MW MW5S 15-55 6197 4/24/09 Depth to water = 22.1 ft. Depth of 4-in. 

well = 54.6 ft. Sample collected by using 
low-flow bladder pump after purging of 
5.5 L. Pump intake positioned at 38.35 ft.

4/24/09 8:30 MRQCIR-W-27675 Water RI QC – 6197 4/24/09 Rinsate of decontaminated sampling line 
after collection of sample MRMW5S-W-
27657. 

4/24/09 8:56 MRMW1S-W-27652 Water MW MW1S 11-51 6197 4/24/09 Depth to water = 24.4 ft. Depth of 4-in. 
well = 54 ft. Sample collected by using 
low-flow bladder pump after purging of 
5 L. Pump intake positioned at 39.2 ft. 
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TABLE C.1  (Cont.)  

                
Sample      Depth Chain of Shipping  

Date Time Sample Medium Typea Location (ft BGL) Custody Date Sample Description 
                
           
April 2009 monitoring (cont.)       
           
4/24/09 9:37 MRMW1D-W-27653 Water MW MW1D 63-88 6197 4/24/09 Depth to water = 31 ft. Depth of 4-in. well = 

89 ft. Sample collected by using low-flow 
bladder pump after purging of 7 L. Pump 
intake positioned at 75.5 ft. 

4/24/09 9:38 MRMW1DDUP-W-27669 Water MW MW1D 63-88 6197 4/24/09 Replicate of sample MRMW1D-W-27653. 
4/24/09 10:36 MRMW6S-W-27658 Water MW MW6S 10-25 6197 4/24/09 Depth to water = 6.2 ft. Depth of 4-in. well = 

26.9 ft. Sample collected by using low-
flow bladder pump after purging of 12 L. 
Pump intake positioned at 17.5 ft. 

4/24/09 10:48 MRQCIR-W-27674 Water RI QC – 6197 4/24/09 Rinsate of decontaminated sampling line 
after collection of sample MRMW6S-W-
27658. 

4/24/09 15:00 MRQCTB-W-27672 Water TB QC – 6197 4/24/09 Trip blank sent to the AGEM Laboratory for 
organic analysis with water samples 
listed on COC 6197. 

           
Vegetation sampling in August 2009       
           
8/27/09 17:34 MR005A-B-29920 Veg Branch MR005A – 2540 8/28/09 20-in. willow west of maple 005, on north 

side of creek. (Locations 1-5 are behind 
co-op off Fanning Street on north side of 
creek. Sample collected 8 ft above 
ground level. 

8/27/09 17:36 MR004-B-29921 Veg Branch MR004 – 2540 8/28/09 Willow. Flagging remains, on north side of 
creek, very close to water. Sample 
collected 7 ft above ground level. 

8/27/09 17:42 MR003-B-29922 Veg Branch MR003 – 2540 8/28/09 Willow. Flagging remains. North side of 
creek. Dying top. Sample collected 7 ft 
above ground level. 

8/27/09 17:46 MR002-B-29923 Veg Branch MR002 – 2540 8/28/09 Large willow north side of creek on steep 
bank near bend in creek. Flagging 
remains. Sample collected 6 ft above 
ground level. 

8/27/09 17:50 MR001-B-29924 Veg Branch MR001 – 2540 8/28/09 Large willow. Top killed. Near garbage/fire 
pit. Sample collected 6 ft above ground 
level. 
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TABLE C.1  (Cont.)  

                
Sample      Depth Chain of Shipping  

Date Time Sample Medium Typea Location (ft BGL) Custody Date Sample Description 
                
           
Vegetation sampling in August 2009 (cont.)       
           
8/27/09 18:00 MR023-B-29925 Veg Branch MR023 – 2540 8/28/09 Moving along northwest corner of town 

toward the former CCC facility; small 
hackberry near bin 20 on former facility. 
Skipped sample at 022 (hemp) this year. 
Not present. Sample collected 2 ft above 
ground level. 

8/27/09 18:05 MR021-B-29926 Veg Branch MR021 – 2540 8/28/09 Small juniper near bin 20. Sample collected 
3 ft above ground level. 

8/27/09 18:10 MR024-B-29927 Veg Branch MR024 – 2540 8/28/09 Black walnut on other side of electric fence, 
near steel building. This tree is first in 
row of walnuts. Next go back to Roxanna 
Street toward pumphouse. Sample 
collected 3 ft above ground level. 

8/27/09 18:20 MR020-B-29928 Veg Branch MR020 – 2540 8/28/09 Large sugar maple near hydrant at corner 
of Virginia and Roxanna Streets. House 
number 104. Could not locate ash tree 
recorded as sampled in 2008.  

8/27/09 18:22 MR019-B-29929 Veg Branch MR019 – 2540 8/28/09 Very large silver maple near railroad and 
pumphouse. Branches getting too high to 
sample. Next cross the railroad and go 
down the agricultural field access road to 
the creek bed. Sample collected 8 ft 
above ground level. 

8/27/09 18:28 MR006-B-29930 Veg Branch MR006 – 2540 8/28/09 Large cottonwood on north side of creek 
bed. No flag. Sample collected 7 ft above 
ground level. 

8/27/09 18:32 MR013-B-29931 Veg Branch MR013 – 2540 8/28/09 Large willow between railroad and farm 
road on north side of path near culvert. 
Flag remains. 

8/27/09 18:34 MR007-B-29932 Veg Branch MR007 – 2540 8/28/09 Large willow on north side of creek, 
southeast of MW8S. No flag. Woody 
vegetation begins to thicken on east 
bank. Sample collected 3 ft above 
ground level. 
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Vegetation sampling in August 2009 (cont.)       
           
8/27/09 18:38 MR008-B-29933 Veg Branch MR008 – 2540 8/28/09 Large cottonwood next to small willow. No 

flag. Sample collected 3 ft above ground 
level. 

8/27/09 18:40 MR014-B-29934 Veg Branch MR014 – 2540 8/28/09 Large multi-stem willow northeast of creek. 
Sample collected 6 ft above ground level.

8/27/09 18:50 MR009-B-29935 Veg Branch MR009 – 2540 8/28/09 Three-stem willow east of creek. Has flag. 
Sample collected 6 ft above ground level.

8/27/09 19:00 MR010-B-29936 Veg Branch MR010 – 3164 8/28/09 Large elm in thicket east of creek. Found 
prior stake. 

8/27/09 19:05 MR011-B-29937 Veg Branch MR011 – 3164 8/28/09 Large Osage orange, multi-stem, in thicket. 
Has stake. Sample collected 6 ft above 
ground level. 

8/27/09 19:10 MR012-B-29938 Veg Branch MR012 – 3164 8/28/09 Large recumbent willow across creek. Tree 
is growing on south side; leans across to 
the north. Sample collected 5 ft above 
ground level. 

8/27/09 19:14 MR016-B-29939 Veg Branch MR016 – 3164 8/28/09 Two-stemmed willow. New tree substituted 
for one sampled prior. Not found. 
Washed away? Sample collected 4 ft 
above ground level. 

8/27/09 19:16 MR017-B-29940 Veg Branch MR017 – 3164 8/28/09 Very small willow by creek, north side, still 
has flagging. Down in thick reed canary 
grass. Watch for holes. Sample collected 
4 ft above ground level. 

8/27/09 19:22 MR018-B-29941 Veg Branch MR018 – 3164 8/28/09 Large multi-stemmed Osage orange on 
north side of creek at bend. Has flag. 
Last sample. Continue north along creek 
and up toward railroad, skirt Ag field, 
back to pumphouse. Sample collected 
6 ft above ground level. 

           
September 2009 monitoring       
           
9/2/09 17:50 MRSM4-W-29969 Water NA SM4 – 3170 9/3/09 Water sample from Terrapin Creek. 
9/2/09 17:53 MRSM4-S-29969 Soil NA SM4 – 2605 9/3/09 Sediment sample from Terrapin Creek. 
9/2/09 18:00 MRSM3-W-29968 Water NA SM3 – 3170 9/3/09 Water sample from Terrapin Creek. 
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September 2009 monitoring (cont.)       
           
9/2/09 18:04 MRSM3-S-29968 Soil NA SM3 – 2605 9/3/09 Sediment sample from Terrapin Creek. 
9/2/09 18:10 MRSM2-W-29967 Water NA SM2 – 3170 9/3/09 Water sample from Terrapin Creek. 
9/2/09 18:15 MRSM2-S-29967 Soil NA SM2 – 2605 9/3/09 Sediment sample from Terrapin Creek. 
9/2/09 18:25 MRSM1-W-29966 Water NA SM1 – 3170 9/3/09 Water sample from Terrapin Creek. 
9/2/09 18:30 MRSM1-S-29966 Soil NA SM1 – 2605 9/3/09 Sediment sample from Terrapin Creek. 
9/2/09 18:50 MRSMB-W-29970 Water NA SMB – 3170 9/3/09 Water sample from Terrapin Creek. 
9/2/09 18:55 MRSMB-S-29970 Soil NA SMB – 2605 9/3/09 Sediment sample from Terrapin Creek. 
9/2/09 19:14 MRRILLINGER-W-29955 Water DW Rillinger – 3170 9/3/09 Allowed pump to run for 5 min, then 

sampled. 
9/2/09 19:32 MRSTONE-W-29956 Water DW Stone 43 3169 9/3/09 Purged 5 gal with bailer, then sampled. 
9/2/09 19:52 MRISCH-W-29954 Water DW Isch – 3170 9/3/09 Allowed pump to run for 5 min, then 

sampled. 
9/3/09 8:40 MRTD12-W-29957 Water DW TD12 27-67 3169 9/3/09 Collected from Grimm well overflow before 

catch pond. 
9/3/09 11:53 MRMW1D-W-29943 Water MW MW1D 63-88 3170 9/3/09 Depth to water = 27.05 ft. Depth of 4-in. 

well = 89 ft. Sample collected by using 
low-flow bladder pump after purging of 
6.5 L. Pump intake positioned at 75.5 ft. 

9/3/09 12:58 MRMW1S-W-29942 Water MW MW1S 11-51 3170 9/3/09 Depth to water = 19 ft. Depth of 4-in. well = 
54 ft. Sample collected by using low-flow 
bladder pump after purging of 8 L. Pump 
intake positioned at 35 ft. 

9/3/09 14:32 MRMW7S-W-29949 Water MW MW7S 20-45 3170 9/3/09 Depth to water = 13.8 ft. Depth of 4-in. 
well = 47 ft. Sample collected by using 
low-flow bladder pump after purging of 
9 L. Pump intake positioned at 32.5 ft. 

9/3/09 14:33 MRMW07SDUP-W-29958 Water MW MW7S 20-45 3169 9/3/09 Replicate of sample MRMW7S-W-29949. 
9/3/09 14:40 MRMW3S-W-29945 Water MW MW3S 18-48 3170 9/3/09 Depth to water = 22.4 ft. Depth of 4-in. 

well = 47.8 ft. Sample collected by using 
low-flow bladder pump after purging of 
5.5 L. Pump intake positioned at 35.2 ft. 

9/3/09 15:48 MRMW5S-W-29947 Water MW MW5S 15-55 3170 9/3/09 Depth to water = 17.6 ft. Depth of 4-in. 
well = 54.6 ft. Sample collected by using 
low-flow bladder pump after purging of 
5.5 L. Pump intake positioned at 36.3 ft. 
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September 2009 monitoring (cont.)       
           
9/3/09 16:00 MRQCIR-W-29963 Water RI QC – 3169 9/3/09 Rinsate of decontaminated sampling line 

after collection of sample MRMW5S-W-
29947. 

9/3/09 16:06 MRMW8S-W-29950 Water MW MW8S 10-25 3170 9/3/09 Depth to water = 2.9 ft. Depth of 4-in. well = 
26.8 ft. Sample collected by using low-
flow bladder pump after purging of 8.5 L. 
Pump intake positioned at 17.5 ft. 

9/3/09 16:48 MRMW2S-W-29944 Water MW MW2S 13-53 3170 9/3/09 Depth to water = 29.4 ft. Depth of 4-in. 
well = 53.5 ft. Sample collected by using 
low-flow bladder pump after purging of 
5.4 L. Pump intake positioned at 41.2 ft. 

9/3/09 16:49 MRMW2SDUP-W-29959 Water MW MW2S 13-53 3169 9/3/09 Replicate of sample MRMW2S-W-29944. 
9/3/09 17:04 MRMW10S-W-29952 Water MW MW10S 30-45 3170 9/3/09 Depth to water = 12 ft. Depth of 2-in. well = 

49.7 ft. Sample collected by using low-
flow bladder pump after purging of 7.5 L. 
Pump intake positioned at 37.5 ft. Light 
grayish in color. 

9/3/09 18:00 MRQCTB-W-29960 Water TB QC – 3169 9/3/09 Trip blank sent to the AGEM Laboratory for 
organic analysis with water samples 
listed on COCs 3170 and 3169, and to 
TestAmerica with verification samples 
listed on COC 3171. 

9/3/09 19:54 MRMW11S-W-29953 Water MW MW11S 53-68 3172 9/4/09 Depth to water = 34.7 ft. Depth of 2-in. 
well = 72.7 ft. Sample collected by using 
low-flow bladder pump after purging of 
7.5 L. Pump intake positioned at 60.5 ft. 

9/4/09 10:20 MRMW6S-W-29948 Water MW MW6S 10-25 3172 9/4/09 Depth to water = 5.85 ft. Depth of 4-in. 
well = 26.9 ft. Sample collected by using 
low-flow bladder pump after purging of 
5.4 L. Pump intake positioned at 17.5 ft. 

9/4/09 11:24 MRMW4S-W-29946 Water MW MW4S 17-47 3172 9/4/09 Depth to water = 31.6 ft. Depth of 4-in. 
well = 47.8 ft. Sample collected by using 
bailer after purging of 6 L. Pump intake 
positioned at 39.3 ft. 
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September 2009 monitoring (cont.)       
           
9/4/09 13:12 MRMW9S-W-29951 Water MW MW9S 38.83-

53.83 
3172 9/4/09 Depth to water = 19.95 ft. Depth of 2-in. 

well = 58.5 ft. Sample collected by using 
low-flow bladder pump after purging of 5 
L. Pump intake positioned at 46.33 ft. 

9/4/09 15:06 MRMW11S-W-29973 Water MW MW11S 53-68 3172 9/4/09 Depth to water = 34.95 ft. Depth of 2-in. 
well = 72.7 ft. Sample collected by using 
low-flow bladder pump after purging of 
72 L (3 well volumes). Pump intake 
positioned at 67 ft. 

9/4/09 16:28 MRMW3S-W-29972 Water MW MW3S 18-48 3172 9/4/09 Depth to water = 22.55 ft. Depth of 4-in. 
well = 47.8 ft. Sample collected by using 
low-flow bladder pump after purging of 
190 L (3 well volumes). Pump intake 
positioned at 46 ft. 

9/4/09 16:45 MRQCIR-W-29964 Water RI QC – 3172 9/4/09 Rinsate of decontaminated sampling line 
after collection of sample MRMW3S-W-
29972. 

9/4/09 17:49 MRMW1S-W-29971 Water MW MW1S 11-51 3172 9/4/09 Depth to water = 19.3 ft. Depth of 4-in. 
well = 51.2 ft. Sample collected by using 
low-flow bladder pump after purging of 
244 L (3 well volumes). Pump intake 
positioned at 50 ft. 

9/4/09 18:12 MRQCTB-W-29961 Water TB QC – 3172 9/4/09 Trip blank sent to the AGEM Laboratory for 
organic analysis with water samples 
listed on COC 3172. 

           
 
a Sample type: DW, domestic well; MW, monitoring well; NA, does not apply; RI, rinsate; TB, trip blank. 
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Appendix D: 

Analytical Results for Waste Purge Water 
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Appendix E: 

Data Summary for Verification VOCs Analyses  
by TestAmerica 
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