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INTRODUCTION 

The purpose of this Technical Memorandum is to document the Fall 2005 quarterly groundwater 

sampling event.  This work was conducted in accordance with MACTEC Engineering and Consulting, 

Inc.’s (MACTEC’s) final Work Plan, Task 2: “Conduct Quarterly Groundwater Monitoring,” and the 

final Quality Assurance Project Plan.  MACTEC completed this work as directed by the Michigan 

Department of Environmental Quality (MDEQ), Gaylord Field Office.  The results obtained during this 

and other sampling events will be used to support a supplemental groundwater model and feasibility 

study. 

SCOPE OF WORK 

Field activities included the collection of groundwater samples from 43 monitoring wells for analysis of 

volatile organic compounds (VOCs).  Three monitoring wells were also sampled for analysis of selected 

metals.  Groundwater samples were collected using standard groundwater sampling procedures (pump or 

bailer) with the exception of 21 monitoring wells that were sampled for VOCs using passive diffusion 

bags (PDBs).  Samples were analyzed by the MDEQ Laboratory.  During this quarterly sample collection 

event, the depth to groundwater was measured in 57 monitoring wells. 

SCHEDULE 

MACTEC personnel sampled the monitoring wells from October 24 through October 27, 2005.  The final 

analytical reports for the samples were received from the MDEQ Laboratory on January 3, 2006. 

PERSONNEL 

The following MACTEC personnel were onsite to conduct field activities: Jeff Doerr (Staff Geologist), 

Joe Koeneman (Staff Environmental Scientist), and Steve Murray (Site Manager). 
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FIELD PROCEDURES 

Groundwater samples were collected from 43 monitoring wells in accordance with the procedures 

described in the Quality Assurance Project Plan, except as noted on the sample records.  The general 

procedures for each well are summarized below: 

• Using an electronic water-level indicator, the depth to groundwater in the well was measured to 

the nearest 0.01 feet. 

• Pumped samples – The sampling pump intake was positioned at approximately the midpoint of 

the saturated screen interval. 

• Pumped samples – One tubing volume of groundwater was removed prior to initiating indicator 

parameter measurement.  Pumping of groundwater was conducted at a flow rate of 0.1 to 0.5 

liters per minute. 

• The monitoring wells were sampled after these parameters had stabilized within 10 percent for 

turbidity and dissolved oxygen, 3 percent for specific conductance and temperature, and 0.1 pH 

units for a minimum of three consecutive readings. 

• Samples were collected directly from the sampling spigot on the pump discharge line at a low 

flow rate to avoid agitating samples and possibly degassing volatile organic compounds. 

• Samples for metals analysis were not filtered. 

• A bailer was used to collect a sample from MW-30 after purging three casing volumes of 

groundwater. 

• Samples were collected in certified clean sample bottles provided by the analytical laboratory and 

preserved in the field, as appropriate for the analysis.  Samples were placed on ice in a sample 

cooler immediately after sampling. 

• The sampling technique, sample depth, indicator parameters, and analytical methods were 

recorded on Groundwater Sampling Records (Appendix A). 

• Following sample collection, purge water was returned to the ground surface near the well from 

which it was obtained, with the exception of those wells on the Dura property.  Purge water from 

the wells on the Dura property was containerized and taken offsite for subsequent management. 

• Sampling equipment and the water-level probe were decontaminated following the collection of 

each sample.  Equipment was decontaminated with a solution of distilled water and Alconox.  

Decontamination water was containerized in 55-gallon drums for subsequent management. 
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To evaluate laboratory and field procedures, MACTEC collected the following quality control samples: 

blind duplicates, field blanks, trip blanks, matrix spike/matrix spike duplicates, and equipment blanks.  A 

list of groundwater samples collected and the associated quality control samples is presented in Table 1. 

 

In addition to using the standard sample collection procedures, MACTEC collected groundwater samples 

from 21 of the deepest monitoring wells using PDBs.  The PDBs were initially filled with distilled water 

and lowered to the middle of the screened interval of each well.  Organic compounds dissolved in the 

groundwater diffuse into the bag containing the distilled water.  Following a two-week equilibration 

period, the PDBs were retrieved, and the water from within the bag was placed into the appropriate 

sample containers for laboratory analysis. 

RESULTS 

Depth-to-groundwater measurements and groundwater elevations are presented in Table 2.  The 

interpreted water-table elevation and groundwater flow direction are presented in Figure 1.  Based on 

these elevations, the horizontal water-table gradient is approximately 0.008 feet per foot in the area 

between Mancelona and Schuss Mt. Road.  This gradient increases to approximately 0.018 feet per foot in 

the area between monitoring wells MW-46 and MW-67.  The vertical gradients for the well pairs at 

locations H, J, and K were 0.003, 0.002, and 0.01 feet per foot upward, respectively. 

 

Tables 3 and 4 present the laboratory analytical results for VOCs and selected metals in groundwater 

samples, respectively.  The laboratory data reports are presented in Appendix B.  Analytes detected in 

groundwater samples during the October 2005 and all previous events are compared with the 1994 PA 

451, Part 201, Generic Cleanup Criteria (June 2005) in Table 5.  Analytes detected during the most recent 

sampling event include: 2-methylnapthalene; cis-1,2-dichloroethene; napthalene; n-butylbenzene; trans-

1,2-dichloroethene; tetrachloroethene, trichloroethene (TCE); chromium, iron, and manganese.  VOCs 

detected during the Fall 2005 sampling event are presented in Figure 2. 

 

TCE was detected in 24 of the 43 monitoring wells sampled at concentrations ranging from 3.6 

micrograms per liter (µg/L) to 170 µg/L.  The MDEQ Generic Residential & Commercial I Drinking 

Water Criterion (RDWC) for TCE (5 µg/L) was exceeded in 23 of the monitoring well locations. 

 

The interpreted extent of TCE in the water-table aquifer is depicted in Figure 3.  As shown in this figure, 

the longitudinal axis of the TCE plume extends along the flow path from the source area through 

locations of monitoring well D (110 µg/L), MW-45 (170 µg/L), and MW-67 (110 µg/L).  TCE was not 
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detected in monitoring wells located farthest downgradient from the site (i.e., MW-64, MW-65, MW-66, 

Js/d, Ks/d, and O).  The estimated lateral extent of TCE in groundwater is indicated by the absence of 

TCE in samples collected from wells MW-48s and MW-60.  It should be noted that the TCE 

concentrations for all sampled wells were used to estimate the iso-concentration contours shown on 

Figure 3, regardless of variations in the elevations of the screened intervals. 

 

Three wells (MW-01N, MW-44, and C) were sampled for the following: total antimony, arsenic, barium, 

cadmium, chromium, copper, iron, lead, selenium, silver, manganese, mercury, and zinc.  The analytical 

results for iron and manganese samples did exceed the respective RDWC in MW-44.  The analytical 

results did exceed the RDWC for lead at location MW-01N, and zinc at location C. 

General Comparison with Previous Groundwater Data   

Groundwater elevation and TCE concentration trend graphs for selected monitoring wells within the TCE 

plume are presented in Appendix C.  In general, the groundwater elevation and groundwater analytical 

data collected during the Fall 2005 sampling event were consistent with the data collected during the 

previous quarterly sampling events. 
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