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EXECUTIVE SUMMARY 

Conestoga-Rovers & Associates (CRA) was retained by ENCORE to design and 
implement a groundwater Interim Response Action (IRA) at the Company Vehicle 
Operations (CVO) Area at the former Willow Run Assembly Plant located in Ypsilanti, 
Michigan (Site).  The shallow groundwater (determined not to be a drinking water unit) 
has been impacted by chlorinated and non-chlorinated volatile organic compounds 
(VOCs).  This report summarizes the full-scale implementation and results after four 
potassium permanganate (KMnO4) injection events. 
 
The IRA was designed to reduce VOC concentrations in two areas to levels that can 
achieve compliance with Michigan Department of Environmental Quality (MDEQ) 
groundwater/surface water interface (GSI) criteria through natural attenuation (NA).  In 
addition to reducing the VOC concentration to levels that will support NA, the IRA will 
be used to reduce groundwater concentrations to below acute GSI values (final acute 
values, FAV).  The constituents of concern (COC) at the Site are trichloroethylene (TCE), 
cis-1,2-dichloroethylene (cis-DCE), and vinyl chloride.   
 
Four KMnO4 injections were completed between December 2001 and June 2002 at 45 
injection wells installed in two areas where COC concentrations are the highest (hot 
spots, Area 1 and Area 2).  Groundwater samples were collected prior to the first 
injection and following each injection to monitor the COC concentrations.  An additional 
sampling event was conducted in November 2002 to evaluate the results of the 
injections. 
 
The groundwater level varied significantly throughout the year.  Levels increased 
during the early spring months and decreased during the summer months.  Significant 
amounts of light non-aqueous phase liquid (LNAPL) was observed at two injection 
wells in injection Area 1.   
 
The groundwater IRA was designed to reduce the COC concentrations within the hot 
spots to levels that would facilitate NA.  Therefore, the criteria used to evaluate the 
effectiveness of the chemical oxidation remediation is not the Part 201 criteria, but 
merely a reduction in COC concentrations to a level below the baseline concentrations.  
In addition to the reduction in COC concentrations, the groundwater IRA is used to 
reduce the COCs to comply with the FAV. 
 
Overall results of the injections relative to the baseline data in Area 1 are mixed.  All 
three regularly sampled wells have one or two COC concentrations greater than the 
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baseline data.  Each well also shows additional Site-specific VOC concentrations that 
have increased to levels above the baseline values.   
 
The results for Area 2 generally showed decreases in concentrations.  Both regularly 
monitored Area 2 wells showed significant decreases in most chemicals.  The 
concentration of one COC (vinyl chloride) in IW-46 exceeded the baseline groundwater 
concentrations recorded.  
 
The decrease and rebound in VOC concentrations following KMnO4 injection is not an 
uncommon occurrence with this technology.  When this phenomena occurs, its an 
indication that residual product may be present within the soil formation.  Rising 
groundwater (due to natural precipitation or short-term rises due to the injections) 
displaces residual LNAPL and releases it into the groundwater (Area 1).  When LNAPL 
is not present (Area 2), increases in groundwater concentrations can occur from 
desorbtion from contaminated soil to groundwater. 
 
The effectiveness of chemical oxidation in Area 1 was significantly inhibited due to the 
presence of diesel range organics (DRO), gasoline range organics (GRO) and LNAPL in 
the area around IW-16 and IW-26.  The DRO, GRO and LNAPL have high COD 
demands and consume KMnO4 before it reaches and reacts with the VOC-impacted 
groundwater. 
 
In Area 2, beneficial results were observed in response to KMnO4 injection, but the 
effectiveness was inhibited by desorbtion of VOCs from contaminated soil to 
groundwater that occurred due to fluctuating water levels.  Results indicate that Area 2 
conditions support additional KMnO4 injections. 
 
Additional investigation and remedial activities are planned to be completed at the Site, 
including: 
 

 The installation of additional groundwater monitoring points closer to Tyler 
Pond for the evaluation of GSI criteria and FAV; 

 Implementation of a Soil IRA in Area 1 to remove the LNAPL followed by 
additional chemical oxidation injections; 

 Continuation of additional KMnO4 injections in Area 2; 
 Investigation of underground utilities that may act as potential pathways for 

contaminants to travel off-Site and to evaluate conditions of historical utilities 
(former diesel fuel line) at the Site; and  

 Continuation of the groundwater monitoring program, on a semi-annual basis.  
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1.0 INTRODUCTION 

Conestoga-Rovers & Associates (CRA) was retained by ENCORE1 to design and 
implement a groundwater Interim Response Action (IRA) at the Company Vehicle 
Operations (CVO) Area at the former Willow Run Assembly Plant located in Ypsilanti, 
Michigan (Site).  Figure 1.1 presents the Site location.  The eastern part of the Site has 
undergone a considerable amount of investigation.  These investigations indicate that 
the shallow groundwater (determined not to be a drinking water unit) has been 
impacted by chlorinated and non-chlorinated volatile organic compounds (VOCs).   
 
Although the shallow groundwater is not used for drinking water, the Site is bordered 
to the north by Tyler Pond and as such an IRA is required to address the exceedance of 
the Michigan Department of Environmental Quality (MDEQ) groundwater/surface 
water interface (GSI) criteria pursuant to Michigan Act 451, Part 201.  The IRA was 
designed to reduce VOC concentrations in two areas with higher concentrations at the 
Site to levels that will allow natural attenuation (NA) to achieve compliance with criteria 
listed in Part 201 of Public Act 451 (GSI criteria being the driving concern at the Site).  In 
addition to reducing the VOC concentrations to levels that will support NA, the IRA will 
be used to reduce groundwater concentrations so that they are below acute GSI values, 
in accordance with the recently revised MDEQ Part 201 rules (December 21, 2002).   
 

                                                      
1 ENCORE is a wholly owned subsidiary of General Motors. 
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2.0 BACKGROUND 

A feasibility study was completed to evaluate groundwater remediation options for the 
Site in January 2000.  A number of remedial technologies were evaluated to address the 
VOC groundwater plume, which covered a fairly large area and included two areas of 
higher concentrations (hot spots), Area 1 and Area 2, as shown in Figure 2.1.  The 
constituents of concern (COC) at the Site are trichloroethene (TCE), 
cis-1,2-dichloroethene (cis-DCE) and vinyl chloride.  Based on the COC distribution and 
the likely effectiveness of applicable technologies, the assessment concluded chemical 
oxidation by injection in the hot spots (Area 1 and Area 2) would provide the best 
opportunity to reduce COC concentrations in the groundwater to the point where they 
could naturally attenuate and applicable Part 201 criteria would be achieved throughout 
the plume (the feasibility of natural attenuation will need to be evaluated at a later point 
after the hot spots have been remediated).   
 
To determine the appropriate approach for chemical oxidation, a laboratory treatability 
study was conducted to confirm the concentration and type of chemical oxidant to be 
injected.  Potassium permanganate (KMnO4) was the selected oxidant and was effective 
with concentrations ranging from one to five percent KMnO4 by weight in water.  The 
treatability study results showed that chemical oxidation using KMnO4 was effective in 
significantly lowering the vinyl chloride concentrations in representative groundwater 
samples from the Site. 
 
A pilot test was conducted in May 2001 to optimize the KMnO4 concentration, the rate of 
application, refine the spacing between injection wells, and estimate the costs for 
full-scale treatment.  The tests indicated significant reductions in TCE, cis-DCE, and 
vinyl chloride.  Based on the success of the pilot study, full-scale implementation of the 
chemical oxidation treatment was recommended for the two hot spots in the CVO 
portion of the Site.  The results of the pilot test were used to prepare the design and 
specifications for full-scale implementation (CRA, 2001). 
 
This report summarizes the full-scale implementation and results after four KMnO4 

injection events. 
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3.0 DESIGN AND IMPLEMENTATION 

 
3.1 FULL SCALE DESIGN 

The following schedule was recommended based on the pilot study test results: 
 
Injection frequency:   Every eight weeks. 
Injection quantity: 250 gallons of 2 wt% KMnO4 solution and 250 gallons of 

flush water. 
Total number of injections: Four to six estimated depending on actual monitoring 

results. 
Monitoring frequency: Monitoring should be conducted prior to treatment and 

then three weeks after each injection. 
 
Forty injection wells were installed in Area 1 and 15 injection wells were installed in 
Area 2, as shown in Figure 2.1.  The wells were installed to approximately the top of the 
underlying clay layer and the well depths vary from 16 to 19 feet and average about 
17 feet below ground surface.  The well screens are 5 and 10 feet in length and alternate 
with each well.  The 10-foot well screens provided are completed in both the vadose and 
saturated zones, while the 5-foot well screens are completed in the lower part of the 
saturated zone only.  Although the field pilot study used a 10-foot well screen, a 5-foot 
well screen was selected for every other well to ensure that the chemical oxidant would 
be injected to the lower part of the water bearing unit, and not preferentially enter the 
vadose zone at every injection well. 
 
 
3.2 FULL SCALE IMPLEMENTATION 

Baseline groundwater samples were collected on December 13, 2001 from five injection 
wells.  The same wells were sampled following each injection event.  Wells IW-9, IW-12, 
and IW-33 were sampled in Area 1 and wells IW-46 and IW-49 were sampled in Area 2. 
 
 



 

 
  
17303 (2) 4 CONESTOGA-ROVERS & ASSOCIATES 

The groundwater sampling and injection events are summarized as follows: 
 

 
Event 

 
Date of Injections 

Date of Groundwater 
Sampling Event 

Baseline Sampling N/A December 13-14, 2001 
1st Injection December 17-31, 2001 January 14, 2002 
2nd Injection February 11-19, 2002 March 14, 2002 
3rd Injection April 15-22, 2002 May 6, 2002 
4th Injection June 17-24, 2002 July 22, 2002 

 
Injections were gravity fed.  Initial attempts to pump the material into the well resulted 
in KMnO4 solution running up along the well casing annulus and onto the ground 
surface.  Overall injection rates averaged between five and eight gallons per minute 
(gpm).  In several cases, even gravity feed resulted in the injection solution rising to the 
ground level.  In these cases the injection flow was reduced until the solution no longer 
escaped the well area at the ground surface. 
 
Several wells produced very high injection rates.  The highest injection rate observed 
was 125 gpm at IW-16.  The lowest injection rate for IW-16 was 50 gpm.  The injection 
wells with consistently high injection rates included IW-8, IW-9, IW-14 and IW-16.  
These atypically high rates may be due to these wells being screened in the bedding of a 
storm sewer or some other subsurface cavity.  The KMnO4 solution and water flush 
injection rates are shown in Tables 3.1 through 3.4. 
 
All injections consisted of a KMnO4 injection followed by a water flush except for the 
fourth injection.  The five wells that were being sampled were not flushed with water 
after the KMnO4 injection.  All the wells other wells were flushed with 250 gallons of 
water.  
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4.0 GROUNDWATER MONITORING METHODOLOGY 

4.1 WATER LEVEL MEASUREMENTS 

Groundwater level measurements were collected to track mounding of the waterbearing 
unit during injection.  Measurement frequencies included immediately before the 
first injection, approximately one-week after each injection event and during the 
post-injection sampling events.   
 
 
4.2 POST-INJECTION MONITORING 

To monitor the VOC destruction results of the KMnO4 injections, groundwater was 
sampled immediately prior to the first injection to obtain baseline results for the VOC 
levels and between three and four weeks after each injection event.  The same five wells 
were sampled during each sampling event.   
 
The groundwater samples were analyzed for Site-specific VOCs, chloride, KMnO4, 
manganese and potassium.  Following the first, third and fourth injections groundwater 
samples were also analyzed for aerobic and anaerobic total microbial populations.  Field 
measurements included pH, specific conductivity, temperature, turbidity, dissolved 
oxygen and oxidation-reduction potential.  
 
 
4.3 COMPREHENSIVE GROUNDWATER MONITORING 

In November 2002, a groundwater-sampling event was conducted at the CVO area to 
monitor what changes (if any) had occurred since the last post-injection groundwater 
sampling event.  Consistent with post injection sampling events described in Section 4.2, 
samples were collected from injection wells IW-9, IW-12, IW-33, IW-46 and IW-49.  In 
addition to the five regularly sampled wells, four injection and five monitoring wells 
were sampled including IW-2, IW-18, IW-26, IW-30, IW-45, MW3, MW4, MW12, MW13 
and MW14.  Monitoring wells MW5 and MW6/GP18 were not sampled as planned 
because they were damaged.  Well MW5 was crushed and MW6/GP18 was backfilled 
and covered with asphalt.   
 
Samples from the November 2002 groundwater-sampling event were analyzed for 
VOCs, chloride, gasoline range organics (GRO), diesel range organics (DRO) and 
chemical oxygen demand (COD).  Field measurements included pH, specific 
conductivity, temperature, turbidity, dissolved oxygen and oxidation-reduction 
potential.  
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5.0 DISCUSSION OF GROUNDWATER MONITORING RESULTS 

 
5.1 GROUNDWATER LEVEL MEASUREMENTS 

Groundwater levels have fluctuated considerably since the baseline monitoring was 
conducted in December 2001.  Groundwater levels in Area 1 and Area 2 increased 
between 0.06 and 5.6 inches respectively, between each of the first three monitoring 
events.  This period spans the winter and early spring months (December to April).  
Falling water levels were observed beginning with the fourth monitoring event (July) 
and continued to fall through the November sampling event.  The significant drop in 
groundwater levels between the July and November measurements was over 24 inches 
in some wells.  The groundwater level measurements for each well are shown in 
Table 5.1.   
 
During groundwater level measurements following the second injection in 
February 2002, light non-aqueous phase liquid (LNAPL) was observed for the first time 
in Area 1 well IW-16.  During subsequent injection events, small amounts of LNAPL 
were observed on the water level probe used at IW-16.  This well contained 10.3 inches 
of LNAPL in November 2002.  The oil was dark brown in color and had a motor oil 
odor.  Well IW-16 is located just north of the above ground gasoline and diesel fuel tanks 
and possibly in the bedding of a storm sewer.   
 
In November 2002, LNAPL was also detected in Area 1 well IW-26 at a thickness of 
6.6 inches.  Water/LNAPL level measurements were collected from additional injection 
wells located along the storm sewer line that runs through the northeast portion of 
Area 1.  Well IW-16 was the only other injection well along the sewer line that exhibited 
LNAPL. 
 
Injection well IW-26 is located near the storm sewer line discussed above and also the 
former diesel fuel line which runs east/west and turns to run south at IW-26.  The 
location of the former diesel fuel line is shown on Figure 2.1. 
 
 
5.2 POST-INJECTION RESULTS 

The baseline and post injection analytical results are presented in Table 5.2.  The 
laboratory analytical data reports are provided in Appendix A.  Complete 
documentation of the data review and validation is also provided in Appendix B. 
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The first KMnO4 injection resulted in significant reductions in COCs TCE, cis-DCE, and 
vinyl chloride. 
 
The second KMnO4 injection produced mixed results for most wells.  Two of the 
three wells in Area 1 showed continued reduction in COCs.  The third well in Area 1 
showed significant increases in some COCs.  One of the two wells sampled in Area 2 
showed a significant increase in cis-DCE.  Other COCs in the two wells showed 
increases or little change in concentration.  The increases in detected concentrations of 
certain COCs is likely due to the rising groundwater releasing residual COC previously 
held in the vadose zone into the groundwater. 
 
The third KMnO4 injection resulted in COCs reductions relative to the second injection 
event in four of the five wells sampled. 
 
The fourth KMnO4 injection produced mixed results.  Three of the five wells showed 
significant increases, and two of the wells showed little change (one of these two wells 
already met the GSI criteria prior to the fourth injection).  
 
 
5.3 COMPREHENSIVE GROUNDWATER MONITORING RESULTS 

The November 2002 analytical results are presented in Table 5.3.  In addition the results 
from the post-injection regularly sampled wells are presented in Table 5.2.  The 
laboratory analytical data reports are provided in Appendix A.  Complete 
documentation of the data review and validation is also provided in Appendix B. 
 
 
5.3.1 AREA 1 

Area 1 consists of 40 injection wells located at the west end of the CVO property.  
Three wells (IW-9, IW-12, and IW-33) have been regularly monitored following KMnO4 
injections.  Four additional injection wells (IW-2, IW-18, IW-26, and IW-30) and 
one monitoring well (MW3) located northeast of the Area 1 injection wells were sampled 
in November.  Well MW3 is included as part of Area 1 evaluation due to its location 
between Area 1 and Tyler Pond.  Figure 5.1 presents the locations of the Area 1 wells 
sampled during the November 2002 sampling event. 
 
As discussed in Section 5.1, LNAPL was detected in one well in February 2002 (IW-16), 
and in two wells (IW-16 and IW-26) in November 2002.  The presence of LNAPL in these 
wells has likely impacted the effectiveness of the KMnO4 treatment of groundwater at 
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these locations, as the LNAPL has a high COD demand and would have consumed the 
KMnO4 before it was able to effectively treat the COCs in the groundwater at these 
locations.  The COCs can be dissolved in the LNAPL and become inaccessible to attack 
by the KMnO4.  Therefore, the presence of LNAPL can significantly impact the 
effectiveness of chemical oxidation performance.  

 
The groundwater collected from IW-26 exhibited the presence of both DRO and GRO.  
The GRO result of 4.1 mg/l is well below the average for Area 1 wells, whereas the DRO 
result of 1.7 mg/l is the highest DRO concentration detected in Area 1, followed closely 
by IW-30 with 1.6 mg/l.  Injection well IW-26 is located near the storm sewer line 
discussed in Section 5.1 and also the former diesel fuel line shown on Figure 2.1, which 
runs east/west and turns to run south at IW-26.   
   
COD, chloride, DRO and GRO concentrations are significantly greater in Area 1 wells 
than in Area 2 wells.  The high DRO and GRO concentrations decrease the effectiveness 
of the KMnO4 injections.  GRO and DRO are organics that will react with KMnO4 and 
consume it prior to it treating the VOCs in the groundwater.  A KMnO4 reaction with 
GRO and DRO requires a much higher stoichiometric amount of KMnO4 than the 
reaction with TCE and vinyl chloride does because of the greater number of carbon 
atoms in the GRO and DRO compounds.  COD results verify the adverse impact of the 
presence of petroleum hydrocarbon on KMnO4 treatment and suggest that additional 
application of the oxidizing agent is required.  However, unless the DRO and GRO 
products are removed, the effect of KMnO4 will continue to be inhibited.  It should be 
noted that there were no indications of the high organic content (GRO, DRO) or 
presence of LNAPL during the evaluation of the chemical oxidation remediation option. 
 
VOCs that exceed the MDEQ Part 201 GSI Criteria in Area 1 include 1,1-dichloroethene, 
1,2,4-trimethylbenzene, ethyl benzene, naphthalene, toluene, TCE, vinyl chloride, 
cis-DCE, trans-DCE and xylenes.  Monitoring well MW3, the closest Area 1 monitoring 
point to Tyler Pond, exhibited an exceedance of the GSI criterion for vinyl chloride only.  
Three Area 1 wells exceed the GSI criterion for TCE (IW-12, IW-18, IW-26) while all 
wells sampled in Area 1 exceeded the criteria for vinyl chloride and cis-DCE. 
 
Part 201 GSI Criteria are generally protective for chronic surface water impacts.  
However, the new MDEQ Part 201 Rules (December 21, 2002) identify specific agency 
notification obligations if groundwater at the GSI is found to exceed acute GSI 
protection values; therefore, all November 2002 groundwater values that exceeded the 
Part 201 GSI Criteria were compared to the final acute values (FAV) as calculated using 
Rule 323.1057.  Four VOCs detected in the November 2002 sampling event exceed the 
acute GSI protection values.  As discussed above, MW3 is the closest Area 1 monitoring 
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point to Tyler Pond.  Vinyl chloride and cis-DCE concentrations detected in MW3, 
exceeded GSI criteria, but only vinyl chloride exceeded the FAV.  Well MW3 is located 
approximately 90 feet from the Tyler Pond shoreline and, therefore, may not accurately 
represent the GSI.  Additional GSI monitoring points are required to fully assess 
compliance of GSI criteria. 
 
TCE concentrations in the three regularly monitored injection wells decreased to below 
GSI criteria following the injections.  Wells IW-12 and IW-33 showed an increase in TCE 
concentrations between the fourth injection and the November 2002 sampling event.  All 
Area 1 vinyl chloride and cis-DCE concentrations increased since the last sampling 
event.  Two wells (IW-9, IW-12) increased to approximately double their baseline vinyl 
chloride concentration, while the third well (IW-33) showed an increase to half of its 
baseline vinyl chloride concentration.  The cis-DCE concentrations in two wells (IW-12, 
IW-33) increased but are below their baseline concentrations, while one well (IW-9) 
increased to approximately double its baseline cis-DCE concentration. 
 
Groundwater levels in Area 1 fell between 12 and 27 inches since the July 2002 sampling 
event.  Fluctuations of groundwater levels act as a soil flushing/washing mechanism 
and can trigger the release of COCs from the vadose zone.  Figure 5.2 presents the 
approximate concentration contours for TCE, cis-DCE and vinyl chloride at the time of 
the November 2002 sampling event.   
 
The groundwater remediation in Area 1 has been inhibited by the presence of LNAPL.  
The LNAPL may be coming from the storm sewer bedding or other subsurface void in 
the area (former diesel line).  A Soil IRA will be conducted to remove the LNAPL, which 
will be followed by continued groundwater treatment by chemical oxidant injections.  
An evaluation of the compliance with FAV downgradient of Area 1 is currently 
underway. 
 
 
5.3.2 AREA 2 

Area 2 consists of 15 injection wells located along the south bank of Tyler Pond.  
Two injection wells (IW-46 and IW-49) have been regularly monitored following KMnO4 

injections; one additional injection well (IW-45) and one monitoring well (MW12) 
located east of the Area 2 injection wells were sampled in November.  Figure 5.1 
presents the locations of the Area 2 wells sampled during the November 2002 sampling 
event. 
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COD, chloride and DRO concentrations do not vary significantly within Area 2.  The 
lower COD concentrations observed indicate that free product is not likely present and 
the organic oxidizing demand is compatible with additional KMnO4 injections.  The 
GRO concentration at IW-46 is an order of magnitude greater than other Area 2 wells.  
COD, chloride, DRO and GRO concentrations are significantly lower at MW-12 than in 
the sampled injection wells within Area 2.    
 
VOCs that exceed the MDEQ Part 201 GSI criteria in Area 2 include TCE, vinyl chloride, 
cis-DCE and xylenes.  The three injection wells sampled during this event exceed GSI 
criteria for both TCE and vinyl chloride, where only IW-46 exceeds for cis-DCE and 
xylenes.  MW12 did not exhibit any GSI criteria exceedances.  All VOCs detected in 
Area 2 at concentrations exceeding the GSI criteria were compared to FAV values.  Well 
IW-46 was the only Area 2 well that exhibited a COC concentration in exceedance of a 
FAV (cis-DCE).  Well IW-46 is located approximately 90 feet from the Tyler Pond shore 
and, therefore, may not accurately represent the GSI, so additional assessment is 
warranted.   

 
TCE concentrations in the two regularly monitored injection wells have decreased.  
Vinyl chloride concentrations remain at approximately baseline levels, while cis-DCE 
concentrations have generally decreased. 
 
Groundwater levels in Area 2 fell between 6 to 10 inches since the July 2002 sampling 
event.  As discussed in Section 5.3.1, the fluctuating groundwater levels act as a soil 
flushing/washing mechanism and can result in the release of COCs from the vadose 
zone.  Figure 5.2 presents the approximate concentration contours for TCE, cis-DCE and 
vinyl chloride at the time of the November 2002 sampling event.   
 
The Area 2 KMnO4 injections have been beneficial.  All results indicate that no LNAPL is 
present in Area 2.  Additional KMnO4 injections will be completed to remediate VOCs to 
levels that will support NA.  An evaluation of the compliance with FAV downgradient 
of Area 2 is currently underway. 
 
 
5.3.3 SITE-WIDE WELLS 

Additional Site-wide monitoring wells were added to the November 2002 sampling 
event to obtain a ‘snap shot’ of the CVO groundwater conditions.  The Site-wide wells 
include MW4, MW13 and MW14, which are located on the south and east property 
boundaries, as shown in Figure 5.1.  Monitoring well MW4 is located 
upgradient/crossgradient from Area 1, while MW13 and MW14 are 
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upgradient/crossgradient of Area 2.  Groundwater at the Site generally moves 
east/northeast towards Tyler Pond. 
 
Site-specific VOCs, DRO, or GRO were not detected above laboratory detection limits at 
any of the three wells.  Well MW4 was the only well outside of Areas 1 and 2 that 
exhibited a COD value above laboratory detection limits.  The COD value of 18 mg/l is 
well below any COD values detected in Area 1 and Area 2 injection wells.  Since the 
GRO, DRO and VOCs were all found to be below laboratory detection limits, it is likely 
that the organic matter detected in the MW4 sample may be a naturally occurring 
carbon source.  The chloride concentration of 1,530 mg/l detected in MW4 is similar to 
values detected in Area 1 wells IW-18 and IW-30, and well above chloride values found 
in Area 2 wells.  Chloride concentrations detected in MW13 and MW14 (162 and 
186 mg/l, respectively) are significantly lower than all other chloride concentrations 
detected at the Site.   
 
Monitoring wells MW5 and MW6 were to be sampled during the November 2002 
Site-wide groundwater evaluation, but were found to be damaged.  Blasland Bouck & 
Lee obtained the last groundwater analysis available from these wells in 1996.  The 
1996 results indicate that DCE and vinyl chloride were present at detectable levels but 
were lower than the source areas (Areas 1 and 2).  At present no groundwater 
monitoring points are available between Areas 1 and 2.  These wells will be further 
inspected and properly abandoned and replaced if necessary. 

 
 
5.4 OVERALL REMEDIATION RESULTS 

The groundwater IRA was designed to reduce the COC concentrations within the hot 
spots to levels that would facilitate NA.  Therefore, the criteria used to evaluate the 
effectiveness of the chemical oxidation remediation is not the Part 201 criteria, but 
merely a reduction in COC concentrations to a level below the baseline concentrations.  
In addition to the reduction in COC concentrations, the groundwater IRA is used to treat 
the COCs to comply with the FAV values. 
 
Overall results of the injections relative to the baseline data in Area 1 are mixed.  All 
three regularly sampled wells have one or two COC concentrations greater than the 
baseline data.  Each well also shows additional Site-specific VOC concentrations that 
have increased to levels above the baseline values.   
 
The results for Area 2 generally showed decreases in concentrations.  Both regularly 
monitored Area 2 wells showed significant decreases in most chemicals.  The 
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concentration of one COC (vinyl chloride) in IW-46 exceeded the baseline groundwater 
concentrations recorded.  
 
The decrease and rebound in VOC concentrations following KMnO4 injection is not an 
uncommon occurrence with this technology.  When this phenomena occurs, its an 
indication that residual product may be present within the soil formation.  Rising 
groundwater (due to natural precipitation or short-term rises due to the injections) 
displaces residual LNAPL and releases it into the groundwater (Area 1).  When LNAPL 
is not present (Area 2), increases in groundwater concentrations can occur from 
desorbtion from contaminated soil to groundwater. 
 
The effectiveness of chemical oxidation in Area 1 was significantly inhibited due to the 
presence of DRO, GRO and LNAPL in the area around IW-16 and IW-26.  The DRO, 
GRO and LNAPL have high COD demands and consume the KMnO4 before it reaches 
and reacts with the VOC-impacted groundwater. 
 
In Area 2, beneficial results were observed in response to KMnO4 injections, but the 
effectiveness was inhibited by desorbtion of VOCs from contaminated soil to 
groundwater that occurred due to fluctuating water levels.  Results indicate that Area 2 
conditions support additional KMnO4 injections. 
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6.0 SUMMARY AND RECOMMENDATIONS 

6.1 SUMMARY 

Four injections of KMnO4 were completed at the Site between December 2001 and 
June 2002.  The injection program was designed to reduce COC concentrations in two 
concentrated areas to levels where the entire plume will be able to undergo NA and 
achieve compliance with Part 201 criteria.  Injection Area 1 produced mixed results 
while injection Area 2 generally showed decreasing COC concentrations. 
 
The mixed results in Area 1 are likely due to the presence of LNAPL in the vadose zone.  
Several of the wells (IW-8, IW-9, IW-14 and IW-16) in Area 1 exhibited unusually high 
injection flow rates.  Each of these wells are thought to connect with storm sewer 
bedding that transects Area 1.  One of these wells, IW-9, was sampled after each 
injection.  This well consistently had the largest number of constituents that exceeded 
the MDEQ GSI criteria.  Two other wells, IW-16 and IW-26, are also thought to connect 
with the same storm sewer bedding and significant amounts of LNAPL were detected in 
these wells during the last monitoring event.  Groundwater concentrations in Area 1 
have not been reduced to a level where NA can be considered as the primary 
remediation mechanism for the plume at the Site. 
 
In Area 2, KMnO4 injections achieved some positive results, but the overall effectiveness 
was likely inhibited by desorbtion from contaminated vadose zone soil to groundwater 
that occurred during rising and falling water level changes.  Concentrations in Area 2 
have not yet dropped to a level where NA can be considered as the primary remediation 
mechanism for the plume at the Site. 
 
The MDEQ Part 201 revised rules (December 21, 2002) require that acute GSI values 
(FAV) be evaluated if chronic GSI values (Part 201 GSI criteria) are exceeded near a 
surface water body.  An evaluation of compliance with the FAV at the Site is currently 
underway. 
 
 
6.2 RECOMMENDATIONS 

Based on the observations and results of the KMnO4 injection treatment at the Site, CRA 
recommends five further investigation or remedial activities. 
 
1. GSI Monitoring Wells 

The installation and quarterly monitoring of additional groundwater monitoring 
points will be completed to provide more comprehensive understanding of COC 
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concentrations and trends as they relate to applicable Part 201 Criteria (GSI criteria 
and FAV in particular).  The proposed monitoring locations will be located between 
the CVO fence line and the south bank of Tyler Pond.   

 
2. Area 1 Treatment 

The LNAPL in IW-16 and IW-26 needs to be removed before groundwater 
remediation can be effective.  A Soil IRA should be completed, followed by 
additional chemical oxidation injections for the groundwater.  
 
The Soil IRA will consist of excavating a limited area in the northeast section of 
Area 1, where LNAPL is known to be present, so any visible free product and 
excessively contaminated soil can be removed (vacuum truck or absorbent material).  
The primary goal of the Soil IRA is to remove as much LNAPL as possible, so the 
effectiveness of future groundwater chemical oxidation injections can be maximized.   
 
The excavation area is centered on the storm sewer running through the northeast 
section of Area 1.  During the excavation the storm sewer will be inspected for 
evidence that groundwater may be infiltrating the sewer or using the sewer bedding 
as a preferential pathway to migrate from the area.  
 
Prior to excavation, the monitoring wells in Area 1 will be checked for the presence 
of LNAPL.  A sample of the LNAPL will be collected from IW-16 and IW-26 and a 
fingerprint analysis will be completed to characterize its source.   
 
Approximately six monitoring wells will be removed during the limited excavation 
and will be reinstalled to allow for additional chemical injections and monitoring. 
 

3. Area 2 Treatment 
The groundwater sampling results, specifically the COD values indicated that 
further chemical treatment using KMnO4 would be effective in decreasing 
concentrations of COCs in Area 2.  Based on the thickness of the saturated zone in 
this area and the COD values observed, two to three additional KMnO4 injections 
should reduce hot spot concentrations sufficiently. 
 

4. Underground Utilities Investigation 
An investigation of the underground utilities should be completed to identify all 
potential pathways that may lead contaminants off-Site.  This may include dye tests 
to verify projected storm sewer connections and visual inspections (video camera) to 
determine if groundwater is infiltrating the storm sewer.  
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The former diesel line that runs along the north side of the maintenance building 
and an unknown utility line found in a sink hole on the CVO property will be 
located and evaluated to determine if they are potential conduits for preferential 
flow from the area.  The conditions along these utility lines will be evaluated with 
ground penetrating radar (GPR) and investigative excavation.  In addition, an 
evaluation of the usage history and current conditions of the former cyanide sludge 
line that runs through the CVO property from north of Tyler Pond to the Fons/Old 
Wayne landfills will be investigated.   
 

5. Continued Groundwater Monitoring 
Monitoring of groundwater VOC concentrations will continue on a semi-annual 
basis due to the additional monitoring associated with other planned investigations.  
The semi-annual monitoring will include the five regularly sampled injection wells 
(IW-9, IW-12, IW-33, IW-46, and IW-49), three GSI monitoring points, and MW5 and 
MW6 (or their replacements).  Groundwater samples ill be collected from these wells 
analyzed for Site-specific VOCs. 
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TABLE 3.1

DECEMBER 2001 KMnO4 INJECTION SUMMARY
 CVO AREA

FORMER WILLOW RUN ASSEMBLY PLANT
YPSILANTI, MICHIGAN

KMnO4 KMnO4 KMnO4 Water Water Water
Date Injection Volume Injection Injection Volume Injection
of Sequence Time Injected Flow Rate Time Injected Flow Rate Water

Injection Number (min) (gallons) (gpm) (min) (gallons) (gpm)  Injection Comments

IW- 1 12/27/2001 44 55 250 4.5 25 250 10.0
IW- 2 12/27/2001 40 20 250 12.5 27 250 9.3
IW- 3 12/27/2001 41 11 250 22.7 15 250 16.7
IW- 4 12/17/2001 7 14 250 17.9 23 250 10.9
IW- 5 12/27/2001 43 17 250 14.7 33 250 7.6
IW- 6 12/27/2001 42 16 250 15.6 13 250 19.2
IW- 7 12/17/2001 2 5 250 50.0 25 250 10.0
IW- 8 12/20/2001 28 20 700 35.0 33 250 7.6
IW- 9 12/27/2001 36 7 250 35.7 7 250 35.7
IW- 10 12/18/2001 10 33 250 7.6 51 250 4.9
IW- 11 12/17/2001 8 20 250 12.5 28 250 8.9
IW- 12 12/20/2001 33 25 250 10.0 30 250 8.3
IW- 13 12/17/2001 3 25 250 10.0 31 250 8.1
IW- 14 12/17/2001 1 3 250 83.3 5 250 50.0
IW- 15 12/20/2001 29 6 250 41.7 7 250 35.7
IW- 16 12/27/2001 34 5 250 50.0 4 250 62.5
IW- 17 12/27/2001 35 7 250 35.7 10 250 25.0
IW- 18 12/18/2001 12 60 250 4.2 65 250 3.8
IW- 19 12/18/2001 11 190 250 1.3 100 250 2.5
IW- 20 12/17/2001 9 30 250 8.3 134 250 1.9
IW- 21 12/20/2001 32 35 250 7.1 37 250 6.8
IW- 22 12/17/2001 4 25 250 10.0 50 250 5.0
IW- 23 12/20/2001 31 10 250 25.0 10 250 25.0
IW- 24 12/20/2001 30 7 250 35.7 10 250 25.0
IW- 25 12/27/2001 37 19 250 13.2 15 250 16.7
IW- 26 12/31/2001 55 12 250 20.8 30 250 8.3
IW- 27 12/28/2001 46 42 250 6.0 90 250 2.8
IW- 28 12/17/2001 5 10 250 25.0 25 250 10.0
IW- 29 12/27/2001 45 25 250 10.0 20 250 12.5
IW- 30 12/27/2001 38 53 250 4.7 40 250 6.3
IW- 31 12/27/2001 39 20 250 12.5 20 250 12.5
IW- 32 12/31/2001 54 28 250 8.9 25 250 10.0
IW- 33 12/28/2001 47 35 250 7.1 40 250 6.3
IW- 34 12/17/2001 6 35 250 7.1 25 250 10.0
IW- 35 12/28/2001 50 25 250 10.0 50 250 5.0
IW- 36 12/31/2001 52 38 250 6.6 55 250 4.5
IW- 37 12/31/2001 53 22 250 11.4 28 250 8.9
IW- 38 12/28/2001 48 10 250 25.0 20 250 12.5
IW- 39 12/28/2001 49 40 250 6.3 68 250 3.7
IW- 40 12/28/2001 51 43 250 5.8 32 250 7.8
IW- 41 12/19/2001 19 130 250 1.9 75 250 3.3 See note 1
IW- 42 12/19/2001 20 125 250 2.0 93 250 2.7 See note 1
IW- 43 12/19/2001 21 125 250 2.0 100 250 2.5 See note 1
IW- 44 12/19/2001 22 155 250 1.6 105 250 2.4 See note 1
IW- 45 12/19/2001 23 125 250 2.0 85 250 2.9 See note 1
IW- 46 12/18/2001 16 25 250 10.0 25 250 10.0
IW- 47 12/18/2001 14 23 250 10.9 27 250 9.3
IW- 48 12/18/2001 17 55 250 4.5 75 250 3.3
IW- 49 12/19/2001 24 45 250 5.6 35 250 7.1
IW- 50 12/19/2001 27 40 250 6.3 15 250 16.7
IW- 51 12/18/2001 13 27 250 9.3 35 250 7.1
IW- 52 12/18/2001 15 25 250 10.0 25 250 10.0
IW- 53 12/18/2001 18 25 250 10.0 25 250 10.0
IW- 54 12/19/2001 25 38 250 6.6 35 250 7.1
IW- 55 12/19/2001 26 50 250 5.0 100 250 2.5

Totals/averages: 1611 14200 8.8 1858 13750 7.4 See note 2

Combined totals/averages: Total volume Injected: 27950 gallons
Total Time of Injecting: 3469 minutes
Average Injection Rate: 8.1 gpm

Notes:
1) Injection to Wells 41, 42, 43, 44 and 45 was conducted simultaneously.  Injection flow rate is based on worst case
injection time of the five since this is the limiting factor for these five injections.  
2)Takes into account that wells 41 through 45 occurred simulateously. Therefore, 1250 gallons of KMnO4 were injected over a period of 155 minutes 
(8.1gpm), of 155 minutes (8.1) and 1250 gallons of water were injected over a period of 105 minutes (11.9 gpm).

Injection
Well
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TABLE 3.2

FEBRUARY 2002 KMnO4 INJECTION SUMMARY
 CVO AREA

FORMER WILLOW RUN ASSEMBLY PLANT
YPSILANTI, MICHIGAN

KMnO4 KMnO4 KMnO4 Water Water Water
Date Injection Volume Injection Injection Volume Injection
of Sequence Time Injected Flow Rate Time Injected Flow Rate

Injection Number (min) (gallons) (gpm) (min) (gallons) (gpm)

IW- 1 02/13/02 22 56.0 250.0 4.5 61.0 250.0 4.1
IW- 2 02/13/02 21 26.0 250.0 9.6 34.0 250.0 7.4
IW- 3 02/13/02 20 13.0 250.0 19.2 65.0 250.0 3.8
IW- 4 02/13/02 24 40.0 250.0 6.3 54.0 250.0 4.6
IW- 5 02/13/02 23 53.0 250.0 4.7 52.0 250.0 4.8
IW- 6 02/14/02 25 17.0 250.0 14.7 20.0 250.0 12.5
IW- 7 02/13/02 19 47.0 250.0 5.3 53.0 250.0 4.7
IW- 8 02/13/02 18 4.0 250.0 62.5 8.0 250.0 31.3
IW- 9 02/15/02 35 3.0 250.0 83.3 6.0 250.0 41.7
IW- 10 02/19/02 47 16.0 400.0 25.0 27.0 250.0 9.3
IW- 11 02/19/02 48 20.0 250.0 12.5 35.0 250.0 7.1
IW- 12 02/19/02 50 24.0 250.0 10.4 55.0 250.0 4.5
IW- 13 02/14/02 26 32.0 250.0 7.8 39.0 250.0 6.4
IW- 14 02/13/02 17 4.0 250.0 62.5 9.0 250.0 27.8
IW- 15 02/13/02 16 13.0 250.0 19.2 20.0 250.0 12.5
IW- 16 02/15/02 36 2.0 250.0 125.0 2.0 250.0 125.0
IW- 17 02/15/02 37 24.0 250.0 10.4 18.0 250.0 13.9
IW- 18 02/19/02 45 34.0 250.0 7.4 46.0 250.0 5.4
IW- 19 02/19/02 46 51.0 250.0 4.9 60.0 250.0 4.2
IW- 20 02/19/02 49 33.0 250.0 7.6 70.0 250.0 3.6
IW- 21 02/19/02 51 20.0 250.0 12.5 36.0 250.0 6.9
IW- 22 02/14/02 27 49.0 250.0 5.1 43.0 250.0 5.8
IW- 23 02/14/02 28 11.0 250.0 22.7 25.0 250.0 10.0
IW- 24 02/14/02 31 21.0 250.0 11.9 21.0 250.0 11.9
IW- 25 02/14/02 33 78.0 250.0 3.2 40.0 250.0 6.3
IW- 26 02/15/02 38 13.0 250.0 19.2 35.0 250.0 7.1
IW- 27 02/19/02 52 84.0 250.0 3.0 88.0 250.0 2.8
IW- 28 02/14/02 29 11.0 250.0 22.7 40.0 250.0 6.3
IW- 29 02/14/02 30 35.0 250.0 7.1 35.0 250.0 7.1
IW- 30 02/14/02 32 27.0 250.0 9.3 60.0 250.0 4.2
IW- 31 02/14/02 34 38.0 250.0 6.6 70.0 250.0 3.6
IW- 32 02/15/02 39 19.0 250.0 13.2 27.0 250.0 9.3
IW- 33 02/19/02 54 76.0 250.0 3.3 81.0 250.0 3.1
IW- 34 02/19/02 53 19.0 250.0 13.2 51.0 250.0 4.9
IW- 35 02/15/02 42 28.0 250.0 8.9 55.0 250.0 4.5
IW- 36 02/15/02 41 71.0 250.0 3.5 44.0 250.0 5.7
IW- 37 02/15/02 40 44.0 250.0 5.7 28.0 250.0 8.9
IW- 38 02/19/02 55 19.0 250.0 13.2 36.0 250.0 6.9
IW- 39 02/15/02 44 75.0 250.0 3.3 57.0 250.0 4.4
IW- 40 02/15/02 43 78.0 250.0 3.2 78.0 250.0 3.2
IW- 41 02/12/02 12 17.0 250.0 14.7 73.0 250.0 3.4
IW- 42 02/12/02 11 83.0 250.0 3.0 125.0 250.0 2.0
IW- 43 02/12/02 13 23.0 250.0 10.9 53.0 250.0 4.7
IW- 44 02/12/02 14 149.0 250.0 1.7 80.0 250.0 3.1
IW- 45 02/12/02 15 62.0 250.0 4.0 30.0 250.0 8.3
IW- 46 02/11/02 2 20.0 250.0 12.5 40.0 250.0 6.3
IW- 47 02/11/02 4 33.0 250.0 7.6 20.0 250.0 12.5
IW- 48 02/12/02 10 26.0 250.0 9.6 83.0 250.0 3.0
IW- 49 02/12/02 9 34.0 250.0 7.4 57.0 250.0 4.4
IW- 50 2/11-2/12/02 8 38.0 250.0 6.6 47.0 250.0 5.3
IW- 51 02/11/02 1 41.0 250.0 6.1 23.0 250.0 10.9
IW- 52 02/11/02 3 31.0 250.0 8.1 49.0 250.0 5.1
IW- 53 02/11/02 5 33.0 250.0 7.6 46.0 250.0 5.4
IW- 54 02/11/02 6 29.0 250.0 8.6 60.0 250.0 4.2
IW- 55 02/11/02 7 76.0 250.0 3.3 60.0 250.0 4.2

Totals/averages: 2023.0 13900.0 6.9 2530.0 13750.0 5.4

Combined totals/averages: Total volume Injected: 27650 gallons
Total Time of Injecting: 4553 minutes
Average Injection Rate: 6.1 gpm

Water
 Injection Comments

Injection
Well

17303-RPT 2-TBLS Page 2 of 13



TABLE 3.3

APRIL 2002 KMnO4 INJECTION SUMMARY
 CVO AREA

FORMER WILLOW RUN ASSEMBLY PLANT
YPSILANTI, MICHIGAN

KMnO4 KMnO4 KMnO4 Water Water Water
Date Injection Volume Injection Injection Volume Injection
of Sequence Time Injected Flow Rate Time Injected Flow Rate

Injection Number (min) (gallons) (gpm) (min) (gallons) (gpm)
IW- 1 04/19/02 41 38.0 250.0 6.6 36.0 250.0 6.9
IW- 2 04/19/02 42 22.0 250.0 11.4 22.0 250.0 11.4
IW- 3 04/19/02 47 13.0 250.0 19.2 19.0 250.0 13.2
IW- 4 04/19/02 40 47.0 250.0 5.3 87.0 250.0 2.9 Small Tank/Small Hose
IW- 5 04/19/02 43 61.0 250.0 4.1 77.0 250.0 3.2
IW- 6 04/19/02 44 30.0 250.0 8.3 40.0 250.0 6.3
IW- 7 04/19/02 46 40.0 250.0 6.3 34.0 250.0 7.4
IW- 8 04/22/02 49 6.0 250.0 41.7 8.0 250.0 31.3
IW- 9 04/22/02 50 8.0 250.0 31.3 12.0 250.0 20.8
IW- 10 04/18/02 35 11.0 250.0 22.7 20.0 250.0 12.5
IW- 11 04/18/02 36 29.0 250.0 8.6 30.0 250.0 8.3
IW- 12 04/19/02 39 52.0 250.0 4.8 42.0 250.0 6.0
IW- 13 04/19/02 45 56.0 250.0 4.5 105.0 250.0 2.4 Small Tank/Small Hose
IW- 14 04/19/02 48 6.0 250.0 41.7 13.0 250.0 19.2
IW- 15 04/22/02 51 14.0 250.0 17.9 15.0 250.0 16.7
IW- 16 04/22/02 55 3.0 250.0 83.3 4.0 250.0 62.5
IW- 17 04/22/02 54 27.0 250.0 9.3 26.0 250.0 9.6
IW- 18 04/18/02 33 61.0 250.0 4.1 71.0 250.0 3.5
IW- 19 04/18/02 34 59.0 250.0 4.2 119.0 250.0 2.1 Small Tank/Small Hose
IW- 20 4/18-4/19/02 37 96.0 250.0 2.6 156.0 250.0 1.6 Small Tank/Small Hose
IW- 21 04/19/02 38 36.0 250.0 6.9 40.0 250.0 6.3
IW- 22 04/17/02 27 62.0 250.0 4.0 71.0 250.0 3.5
IW- 23 04/22/02 52 21.0 250.0 11.9 24.0 250.0 10.4
IW- 24 04/22/02 53 26.0 250.0 9.6 27.0 250.0 9.3
IW- 25 4/16-4/17/02 18 26.0 250.0 9.6 65.0 250.0 3.8 Small Tank/Small Hose
IW- 26 04/16/02 17 47.0 250.0 5.3 37.0 250.0 6.8
IW- 27 04/17/02 28 70.0 250.0 3.6 77.0 250.0 3.2
IW- 28 04/17/02 26 20.0 250.0 12.5 23.0 250.0 10.9
IW- 29 04/17/02 23 38.0 250.0 6.6 60.0 250.0 4.2
IW- 30 04/17/02 21 32.0 250.0 7.8 32.0 250.0 7.8
IW- 31 04/17/02 19 23.0 250.0 10.9 49.0 250.0 5.1
IW- 32 04/16/02 16 32.0 250.0 7.8 42.0 250.0 6.0
IW- 33 04/18/02 30 59.0 250.0 4.2 136.0 250.0 1.8 Small Tank/Small Hose
IW- 34 04/18/02 29 10.0 250.0 25.0 22.0 250.0 11.4
IW- 35 04/17/02 24 31.0 250.0 8.1 35.0 250.0 7.1
IW- 36 04/17/02 22 51.0 250.0 4.9 54.0 250.0 4.6
IW- 37 04/17/02 20 31.0 250.0 8.1 42.0 250.0 6.0
IW- 38 04/18/02 31 25.0 250.0 10.0 28.0 250.0 8.9
IW- 39 04/18/02 32 74.0 250.0 3.4 117.0 250.0 2.1 100gal big tank/150gal small tank
IW- 40 04/17/02 25 61.0 250.0 4.1 138.0 250.0 1.8 Small Tank/Small Hose
IW- 41 04/15/02 3 14.0 250.0 17.9 100.0 250.0 2.5
IW- 42 04/15/02 4 77.0 250.0 3.2 41.0 250.0 6.1
IW- 43 04/16/02 13 54.0 250.0 4.6 33.0 250.0 7.6
IW- 44 04/16/02 12 85.0 250.0 2.9 71.0 250.0 3.5
IW- 45 04/16/02 11 27.0 250.0 9.3 55.0 250.0 4.5
IW- 46 04/15/02 2 22.0 250.0 11.4 24.0 250.0 10.4
IW- 47 04/15/02 6 9.0 250.0 27.8 17.0 250.0 14.7
IW- 48 04/15/02 8 111.0 250.0 2.3 86.0 250.0 2.9
IW- 49 04/16/02 10 44.0 250.0 5.7 51.0 250.0 4.9
IW- 50 04/16/02 14 46.0 250.0 5.4 44.0 250.0 5.7
IW- 51 04/15/02 1 44.0 250.0 5.7 27.0 250.0 9.3
IW- 52 04/15/02 5 37.0 250.0 6.8 40.0 250.0 6.3
IW- 53 04/15/02 7 56.0 250.0 4.5 72.0 250.0 3.5
IW- 54 4/15-4/16/02 9 75.0 250.0 3.3 86.0 250.0 2.9
IW- 55 04/16/02 15 107.0 250.0 2.3 122.0 250.0 2.0 Small Tank/Small Hose

Totals/averages: 2262.0 13750.0 6.1 2924.0 13750.0 4.7

Combined totals/averages: Total volume Injected: 27500 gallons
Total Time of Injecting: 5186 minutes
Average Injection Rate: 5.3 gpm

Note: Small Tank is equivalent to 425 gallon capacity;
Big Tank is equivalent to 1500 gallon capacity;
Small Hose is equivalent to 1 inch diameter (big hose is equivalent to 2 inch diameter).

Water
 Injection Comments

Injection
Well
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TABLE 3.4

JUNE 2002 KMnO4 INJECTION SUMMARY
 CVO AREA

FORMER WILLOW RUN ASSEMBLY PLANT
YPSILANTI, MICHIGAN

KMnO4 KMnO4 KMnO4 Water Water Water
Date Injection Volume Injection Injection Volume Injection
of Sequence Time Injected Flow Rate Time Injected Flow Rate

Injection Number (min) (gallons) (gpm) (min) (gallons) (gpm)

IW- 1 06/21/02 44 85.0 250.0 2.9 56.0 250.0 4.5
IW- 2 06/21/02 45 34.0 250.0 7.4 38.0 250.0 6.6
IW- 3 06/21/02 47 12.0 250.0 20.8 17.0 250.0 14.7
IW- 4 06/21/02 41 30.0 250.0 8.3 44.0 250.0 5.7
IW- 5 06/21/02 43 50.0 250.0 5.0 87.0 250.0 2.9
IW- 6 06/21/02 46 46.0 250.0 5.4 35.0 250.0 7.1
IW- 7 06/21/02 48 32.0 250.0 7.8 43.0 250.0 5.8
IW- 8 06/24/02 52 12.0 250.0 20.8 19.0 250.0 13.2
IW- 9 06/24/02 53 11.0 250.0 22.7 0.0 0.0 0.0 No Water Flush (sampling well)
IW- 10 06/21/02 39 13.0 250.0 19.2 29.0 250.0 8.6
IW- 11 06/21/02 40 29.0 250.0 8.6 35.0 250.0 7.1
IW- 12 06/21/02 42 28.0 250.0 8.9 0.0 0.0 0.0 No Water Flush (sampling well)
IW- 13 06/24/02 49 30.0 250.0 8.3 25.0 250.0 10.0
IW- 14 06/24/02 50 5.0 250.0 50.0 4.0 250.0 62.5
IW- 15 06/24/02 51 29.0 250.0 8.6 15.0 250.0 16.7
IW- 16 06/24/02 55 3.0 250.0 83.3 5.0 250.0 50.0
IW- 17 06/24/02 54 22.0 250.0 11.4 33.0 250.0 7.6
IW- 18 6/20-6/21/02 38 68.0 250.0 3.7 42.0 250.0 6.0
IW- 19 06/20/02 37 59.0 250.0 4.2 73.0 250.0 3.4
IW- 20 06/20/02 36 74.0 250.0 3.4 118.0 250.0 2.1
IW- 21 06/20/02 34 35.0 250.0 7.1 44.0 250.0 5.7
IW- 22 06/20/02 33 67.0 250.0 3.7 38.0 250.0 6.6
IW- 23 06/20/02 30 18.0 250.0 13.9 34.0 250.0 7.4
IW- 24 06/20/02 29 5.0 250.0 50.0 16.0 250.0 15.6
IW- 25 6/18-6/19/02 18 40.0 250.0 6.3 68.0 250.0 3.7
IW- 26 06/18/02 17 26.0 250.0 9.6 59.0 250.0 4.2
IW- 27 06/20/02 35 111.0 250.0 2.3 96.0 250.0 2.6
IW- 28 06/20/02 32 24.0 250.0 10.4 42.0 250.0 6.0
IW- 29 06/20/02 31 51.0 250.0 4.9 39.0 250.0 6.4
IW- 30 6/19-6/20/02 28 54.0 250.0 4.6 11.0 250.0 22.7
IW- 31 06/19/02 27 51.0 250.0 4.9 68.0 250.0 3.7
IW- 32 06/18/02 16 28.0 250.0 8.9 62.0 250.0 4.0
IW- 33 06/19/02 19 41.0 250.0 6.1 0.0 0.0 0.0 No Water Flush (sampling well)
IW- 34 06/19/02 22 22.0 250.0 11.4 20.0 250.0 12.5
IW- 35 06/19/02 23 38.0 250.0 6.6 46.0 250.0 5.4
IW- 36 06/19/02 26 40.0 250.0 6.3 53.0 250.0 4.7
IW- 37 06/19/02 25 27.0 250.0 9.3 40.0 250.0 6.3
IW- 38 06/19/02 20 18.0 250.0 13.9 11.0 250.0 22.7
IW- 39 06/19/02 21 77.0 250.0 3.2 61.0 250.0 4.1
IW- 40 06/19/02 24 117.0 250.0 2.1 109.0 250.0 2.3
IW- 41 06/18/02 15 64.0 250.0 3.9 49.0 250.0 5.1
IW- 42 06/18/02 14 37.0 250.0 6.8 38.0 250.0 6.6
IW- 43 06/18/02 13 30.0 250.0 8.3 34.0 250.0 7.4
IW- 44 06/18/02 12 81.0 250.0 3.1 66.0 250.0 3.8
IW- 45 06/18/02 11 25.0 250.0 10.0 53.0 250.0 4.7
IW- 46 06/17/02 2 25.0 250.0 10.0 0.0 0.0 0.0 No Water Flush (sampling well)
IW- 47 06/17/02 4 26.0 400.0 15.4 30.0 250.0 8.3
IW- 48 06/17/02 6 93.0 250.0 2.7 122.0 250.0 2.0
IW- 49 06/17/02 9 40.0 250.0 6.3 0.0 0.0 0.0 No Water Flush (sampling well)
IW- 50 06/17/02 8 61.0 250.0 4.1 50.0 250.0 5.0
IW- 51 06/17/02 1 32.0 250.0 7.8 42.0 250.0 6.0
IW- 52 06/17/02 3 47.0 250.0 5.3 60.0 250.0 4.2
IW- 53 06/17/02 5 63.0 250.0 4.0 60.0 250.0 4.2
IW- 54 06/17/02 7 47.0 250.0 5.3 72.0 250.0 3.5
IW- 55 06/18/02 10 84.0 250.0 3.0 56.0 250.0 4.5

Totals/averages: 2317.0 13900.0 6.0 2367.0 12500.0 5.3

Combined totals/averages: Total volume Injected: 26400 gallons
Total Time of Injecting: 4684 minutes
Average Injection Rate: 5.6 gpm

Water
 Injection Comments

Injection
Well
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TABLE 5.1

GROUNDWATER LEVEL DATA
 CVO AREA

FORMER WILLOW RUN ASSEMBLY PLANT
YPSILANTI, MICHIGAN

Well ID Screen Change in Water Level from Previous Reading
Length

12/12/2001 1/3/2002 2/22/2002 4/26/2002 7/2/2002 11/25/02 1/3/2002 2/22/2002 4/26/2002 7/2/2002 11/25/02

Baseline After 
Injection 1

After 
Injection 2

After 
Injection 3

After 
Injection 4 Follow Up After 

Injection 1
After 

Injection 2
After 

Injection 3
After 

Injection 4 Follow Up

(Positive value = rising water level)
(feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet) (feet)

INJECTION AREA 1:
IW-1 10 10.99 10.94 10.58 10.28 10.51 0.05 0.36 0.30 -0.23
IW-2 5 10.96 10.56 10.20 9.94 10.17 11.57 0.40 0.36 0.26 -0.23 -1.40
IW-3 10 10.33 10.27 9.90 9.66 9.96 0.06 0.37 0.24 -0.30
IW-4 10 11.09 11.05 10.66 10.38 11.62 0.04 0.39 0.28 -1.24
IW-5 5 10.93 10.84 10.48 10.23 10.47 0.09 0.36 0.25 -0.24
IW-6 10 10.50 10.42 10.05 9.81 10.06 0.08 0.37 0.24 -0.25
IW-7 5 10.40 10.32 9.96 9.73 9.97 0.08 0.36 0.23 -0.24
IW-8 10 10.27 10.14 9.78 9.56 9.80 11.18 0.13 0.36 0.22 -0.24 -1.38
IW-9 5 10.10 10.00 9.64 9.43 9.66 11.05 0.10 0.36 0.21 -0.23 -1.39
IW-10 10 10.93 10.90 10.48 10.23 10.47 0.03 0.42 0.25 -0.24
IW-11 5 10.99 10.93 10.52 10.30 10.54 0.06 0.41 0.22 -0.24
IW-12 10 10.76 10.60 10.20 9.99 10.23 11.62 0.16 0.40 0.21 -0.24 -1.39
IW-13 5 10.70 10.58 10.19 9.99 10.24 0.12 0.39 0.20 -0.25
IW-14 10 10.33 10.24 9.86 9.66 9.91 0.09 0.38 0.20 -0.25
IW-15 5 10.27 10.17 9.81 9.62 9.84 0.10 0.36 0.19 -0.22
IW-16 10 10.27 10.20 9.98 9.88 9.92 12.03* 0.07 0.22 0.10 -0.04 -2.11*
IW-17 5 10.01 9.94 9.58 9.36 9.63 11.9 0.07 0.36 0.22 -0.27 -2.27
IW-18 10 10.96 10.96 10.61 10.32 10.57 11.9 0.00 0.35 0.29 -0.25 -1.33
IW-19 5 11.38 11.29 10.91 10.64 10.92 0.09 0.38 0.27 -0.28
IW-20 10 11.02 10.97 10.57 10.34 10.59 0.05 0.40 0.23 -0.25
IW-21 5 10.99 10.92 10.53 10.32 10.57 0.07 0.39 0.21 -0.25
IW-22 10 10.60 10.53 10.15 9.93 10.21 0.07 0.38 0.22 -0.28
IW-23 5 10.60 10.50 10.13 9.92 10.17 0.10 0.37 0.21 -0.25
IW-24 10 10.33 10.23 9.88 9.67 9.93 0.10 0.35 0.21 -0.26
IW-25 5 10.07 9.98 9.65 9.43 9.70 10.82 0.09 0.33 0.22 -0.27 -1.12
IW-26 10 9.97 9.90 9.56 9.32 9.61 11.4* 0.07 0.34 0.24 -0.29 -1.79*
IW-27 10 11.15 11.08 10.72 10.48 10.75 0.07 0.36 0.24 -0.27
IW-28 5 10.89 10.81 10.46 10.24 10.50 0.08 0.35 0.22 -0.26
IW-29 10 10.24 10.13 9.78 9.55 9.82 0.11 0.35 0.23 -0.27
IW-30 5 10.24 10.15 9.82 9.59 9.86 11.2 0.09 0.33 0.23 -0.27 -1.34
IW-31 10 9.94 9.84 9.51 9.27 9.56 0.10 0.33 0.24 -0.29
IW-32 5 10.10 10.03 9.69 9.43 9.77 11.01 0.07 0.34 0.26 -0.34 -1.24
IW-33 5 11.19 11.13 10.79 10.51 10.83 12.13 0.06 0.34 0.28 -0.32 -1.30
IW-34 10 10.73 10.69 10.31 10.05 10.34 0.04 0.38 0.26 -0.29
IW-35 5 10.37 10.22 9.90 9.63 9.93 0.15 0.32 0.27 -0.30
IW-36 10 10.24 10.13 9.82 9.54 9.86 0.11 0.31 0.28 -0.32
IW-37 5 10.17 10.08 9.77 9.49 9.83 0.09 0.31 0.28 -0.34
IW-38 10 11.02 10.92 10.66 10.32 10.66 0.10 0.26 0.34 -0.34
IW-39 5 10.63 10.56 10.28 9.97 10.29 0.07 0.28 0.31 -0.32
IW-40 10 10.14 10.05 9.77 9.45 9.80 0.09 0.28 0.32 -0.35

INJECTION AREA 2:
IW-41 10 11.52 11.39 10.94 10.80 11.62 0.13 0.45 0.14 -0.82
IW-42 5 11.88 11.72 11.27 11.07 11.90 0.16 0.45 0.20 -0.83
IW-43 10 11.78 11.64 11.17 10.92 11.87 0.14 0.47 0.25 -0.95
IW-44 5 11.29 11.14 10.68 10.47 11.43 0.15 0.46 0.21 -0.96
IW-45 10 11.48 11.28 10.87 10.62 11.65 12.2 0.20 0.41 0.25 -1.03 -0.55
IW-46 5 11.88 11.75 11.31 11.04 11.83 12.7 0.13 0.44 0.27 -0.79 -0.87
IW-47 10 11.58 11.43 10.98 10.69 11.50 0.15 0.45 0.29 -0.81
IW-48 5 11.91 11.76 11.32 11.00 11.86 0.15 0.44 0.32 -0.86
IW-49 10 12.50 12.36 11.94 11.60 12.50 13.35 0.14 0.42 0.34 -0.90 -0.85
IW-50 5 12.34 12.19 11.80 11.43 12.37 0.15 0.39 0.37 -0.94
IW-51 10 10.86 10.78 10.33 10.02 10.75 0.08 0.45 0.31 -0.73
IW-52 5 11.58 11.42 10.98 10.65 11.43 0.16 0.44 0.33 -0.78
IW-53 10 11.65 11.50 11.06 10.71 11.54 0.15 0.44 0.35 -0.83
IW-54 5 11.94 11.79 11.38 10.99 11.85 0.15 0.41 0.39 -0.86
IW-55 10 11.91 11.76 11.37 10.95 11.85 0.15 0.39 0.42 -0.90

OTHER AREAS:
MW-3 -- -- -- -- -- -- 10.43
MW-4 -- -- -- -- -- -- 12.15
MW-12 -- -- -- -- -- -- 13.2
MW-13 -- -- -- -- -- -- 10.45
MW-14 -- -- -- -- -- -- 12.5

Notes
* LNAPL present in this well at time of measurement.

Depth to Water
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TABLE 5.2

GROUNDWATER ANALYTICAL RESULTS
 12/2001 THROUGH 11/2002

CVO AREA
FORMER WILLOW RUN ASSEMBLY PLANT

YPSILANTI, MICHIGAN

Injection Well Identification:
Injection Area (1=West, 2 =East)

Groundwater Sample Date: 12/13/01 01/14/02 03/14/02 05/06/02 07/22/02 07/22/02 11/25/02

Baseline
After 

Injection 1
After 

Injection 2
After 

Injection 3
After 

Injection 4
After 

Injection 4 Follow up

(duplicate)

Groundwater Sample ID:
GW-17303-
JH-121301-

100

GW-17303-
011402-BN-

111

GW-17303-
031402-TJ-

117

GW-17303-
050602-MM-

123

GW-17303-
072202-MM-

130

GW-17303-
072202-MM-

131

GW-17303-
112502-MM-

144

Analytes

pH 6.79 7.73 6.91 7.37 7.13 7.13 7.38
DO (mg/l) 0.05 0.32 0.36 0.74 0.156 0.156 0.18
ORP (Mv) -67.6 66 11 149 263.4 263.4 -112
Specific Conductivity (Ms/cm) 2.860 4.35 3.48 3.72 3.272 3.272 4.63
Turbidity (NTU) 0.6 2.72 1.31 2.66 ~50 ~50 3.5
Temp. (C) 13.8 11.34 10.47 12.26 18.212 18.212 13.04

Chloride (mg/l) 668 854 698 677 478 496 946
KMnO4 (mg/l) ND(5) ND(5) ND(5) ND(5) na
Manganese (mg/l) 0.375 4.92 20 6.51 2.2 2.04 na
Potassium (mg/l) 8.13 591 77.3 619 89 86 na

Aerobic Total Microbial Population (CFUs/ml) 3.0E+04 3.3E+04 9.60E+03
Aerobic Total Microbial Population (CFUs/ml)-dup 2.80E+04

Anerobic Total Microbial Population (CFUs/ml) 1.10E+04 5.10E+03 9.60E+02
Anerobic Total Microbial Population (CFUs/ml)-dup. 1.10E+04

VOCs (ug/l):
 (MDEQ GSI Criteria shown in [brackets])
1,1,2-Trichloroethane - [330(X)] 1 ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
1,1-Dichloroethane - [740] ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
1,1-Dichloroethene - [65(X)] 15 12 12 4 12 11 28
1,2,3-Trichloropropane ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
1,2,4-Trimethylbenzene - [17] 5 11 9 2 5 4 10
1,2-Dichloroethane - [360(X)] ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
1,2-Dichloropropane - [290(X)] ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
1,3,5-Trimethylbenzene - [ID] 2 4 3 ND(1) 2 ND(1) 4
2-Butanone (MEK) -[2,200] 640(J) 160 ND(50) ND(50) ND(50) ND(50) ND (25)
Acetone - [1,700] ND(1) 130 160 ND(100) ND(100) ND(100) ND (25)
Benzene- [200] 20 34 41 15 37 38 43
Bromodichloromethane - [ID] ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND (1.0)
Carbon disulfide - [ID] ND(5) 5 18 6 6 7 ND (5)
Chloroform - [170] ND(1) 1 2 2 1 2 ND (1.0)
Ethylbenzene - [18] 71 ND(1) 150 40 110 120 30
Isopropylbenzene - [ID] 23 26 28 10 ND(1) 25 38
Methylene Chloride -[940] 5 ND(5) ND(5) ND(5) ND(5) ND(5) ND (5)
n-Propylbenzene - [30] 1 1 1 ND(1) ND(1) ND(1) ND (5)
Naphthalene - [13] 45 75 50 9 33 33 ND (5)
Toluene - [140] 380 2,100 1,100 220 900 1,100             1,200
Trichloroethene- [200] 450 170 160 150 51 54 14
Vinyl chloride -[15] 31,000 1,800 42,000 4,000 36,000 39,000 73,000
cis-1,2-Dichloroethene -[620] 16,000 2,100 24,000 4,800 20,000 20,000 29,000
trans-1,2-Dichloroethene - [1,500] 460 670 1,000 180 810 860 860 J
Xylenes (total) - [35] 268 570 ND(6000) 167 500 520 ND (3,000)

Water Level Data
Depth to Water (feet below top of riser) 10.10 10.23 9.51 9.49 9.86 9.86 11.05
                                                                                                                             
NOTES:

burgundy, 
then clear w/ 
Susp. Solids

burgundy, 
then clear w/ 
Susp. Solids

MDEQ Part 201 GSI Criteria exists for compound
Meets  MDEQ GSI Criteria
Does not meet MDEQ GSI Criteria
CFU = Colony Forming Unit
ND(x)=Not detected at or above concentration x
(J)=Estimated value
[ID] = Inadequate data to develop MDEQ criteria
na = not analyzed
{X} = The GSI criterion shown is not protective for surface water that 
is used as a drinking water source.

IW-9
Area 1
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TABLE 5.2

GROUNDWATER ANALYTICAL RESULTS
 12/2001 THROUGH 11/2002

CVO AREA
FORMER WILLOW RUN ASSEMBLY PLANT

YPSILANTI, MICHIGAN

Injection Well Identification:
Injection Area (1=West, 2 =East)

Groundwater Sample Date:

Groundwater Sample ID:

Analytes

pH
DO (mg/l)
ORP (Mv)
Specific Conductivity (Ms/cm)
Turbidity (NTU)
Temp. (C)

Chloride (mg/l)
KMnO4 (mg/l)
Manganese (mg/l)
Potassium (mg/l)

Aerobic Total Microbial Population (CFUs/ml)
Aerobic Total Microbial Population (CFUs/ml)-dup

Anerobic Total Microbial Population (CFUs/ml)
Anerobic Total Microbial Population (CFUs/ml)-dup.

VOCs (ug/l):
 (MDEQ GSI Criteria shown in [brackets])
1,1,2-Trichloroethane - [330(X)]
1,1-Dichloroethane - [740]
1,1-Dichloroethene - [65(X)]
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene - [17]
1,2-Dichloroethane - [360(X)]
1,2-Dichloropropane - [290(X)]
1,3,5-Trimethylbenzene - [ID]
2-Butanone (MEK) -[2,200]
Acetone - [1,700]
Benzene- [200]
Bromodichloromethane - [ID]
Carbon disulfide - [ID]
Chloroform - [170]
Ethylbenzene - [18]
Isopropylbenzene - [ID]
Methylene Chloride -[940]
n-Propylbenzene - [30]
Naphthalene - [13]
Toluene - [140]
Trichloroethene- [200]
Vinyl chloride -[15]
cis-1,2-Dichloroethene -[620]
trans-1,2-Dichloroethene - [1,500]
Xylenes (total) - [35]

Water Level Data
Depth to Water (feet below top of riser)
                                                                                                                             
NOTES:

MDEQ Part 201 GSI Criteria exists for compound
Meets  MDEQ GSI Criteria
Does not meet MDEQ GSI Criteria
CFU = Colony Forming Unit
ND(x)=Not detected at or above concentration x
(J)=Estimated value
[ID] = Inadequate data to develop MDEQ criteria
na = not analyzed
{X} = The GSI criterion shown is not protective for surface water that 
is used as a drinking water source.

12/13/01 01/14/02 03/14/02 05/06/02 07/22/02 11/25/02

Baseline
After 

Injection 1
After 

Injection 2
After 

Injection 3
After 

Injection 4 Follow up

GW-17303-
JH-121301-

101

GW-17303-
011402-BN-

112

GW-17303-
031402-TJ-

118

GW-17303-
050602-MM-

124

GW-17303-
072202-MM-

132

GW-17303-
112502-MM-

145

6.56 7.92 7.53 7.72 7.16 6.8
0.08 0.17 0.19 0.26 0.074 0.17
-76.8 58 -57 549 127.4 110
3.067 4.53 4.35 4.5 4.054 3.72
1.71 4.40 3.58 '9.99' ~10-15 2
15.0 12.14 11.59 12.4 19.624 14.09

637 478 297 174 496 753
ND(5) ND(5) 610 ND(5) na

0.63 4.74 8.43 160 2 na
18.6 1100 1110 1340 421 na

2.90E+04 9.6E+02 8.00E+03
2.90E+04

8.90E+04 no growth 8.40E+02
8.00E+04

6 ND(1) ND(1) ND(1) ND(1) ND(1)
ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)

170 11 1 ND(1) 59 220
ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)

2 ND(1) ND(1) ND(1) ND(1) ND(1)
ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)

230 110 70 99 ND(50) ND (25)
ND(1) 340 280 2,600 ND(100) ND (25)

100 53 42 88 85 160
ND(1) ND(1) ND(1) 1 2 ND(1)
ND(5) 8 7 ND(5) 6 5
ND(1) 3 4 4 5 ND(1)

15 6 5 ND(1) 11 7
ND(1) ND(1) ND(1) ND(1) ND(1) ND (5)

5 ND(5) ND(5) ND(5) ND(5) ND (5)
ND(1) ND(1) ND(1) ND(1) ND(1) ND (5)
ND(5) 7 6 ND(5) ND(5) ND (5)

260 160 130 170 200 480
8 ND(1) ND(1) ND(1) ND(1) 780

39,000 2,200 210 ND(1) 14,000           74,000
64,000 5,000 1,100 ND(1) 16,000           60,000

760 260 100 ND(1) 950 2,200
39 17 10 ND(3) 39 100

10.76 10.83 10.11 10.03 10.5 11.62
bright purple 

water

IW-12
Area 1
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TABLE 5.2

GROUNDWATER ANALYTICAL RESULTS
 12/2001 THROUGH 11/2002

CVO AREA
FORMER WILLOW RUN ASSEMBLY PLANT

YPSILANTI, MICHIGAN

Injection Well Identification:
Injection Area (1=West, 2 =East)

Groundwater Sample Date:

Groundwater Sample ID:

Analytes

pH
DO (mg/l)
ORP (Mv)
Specific Conductivity (Ms/cm)
Turbidity (NTU)
Temp. (C)

Chloride (mg/l)
KMnO4 (mg/l)
Manganese (mg/l)
Potassium (mg/l)

Aerobic Total Microbial Population (CFUs/ml)
Aerobic Total Microbial Population (CFUs/ml)-dup

Anerobic Total Microbial Population (CFUs/ml)
Anerobic Total Microbial Population (CFUs/ml)-dup.

VOCs (ug/l):
 (MDEQ GSI Criteria shown in [brackets])
1,1,2-Trichloroethane - [330(X)]
1,1-Dichloroethane - [740]
1,1-Dichloroethene - [65(X)]
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene - [17]
1,2-Dichloroethane - [360(X)]
1,2-Dichloropropane - [290(X)]
1,3,5-Trimethylbenzene - [ID]
2-Butanone (MEK) -[2,200]
Acetone - [1,700]
Benzene- [200]
Bromodichloromethane - [ID]
Carbon disulfide - [ID]
Chloroform - [170]
Ethylbenzene - [18]
Isopropylbenzene - [ID]
Methylene Chloride -[940]
n-Propylbenzene - [30]
Naphthalene - [13]
Toluene - [140]
Trichloroethene- [200]
Vinyl chloride -[15]
cis-1,2-Dichloroethene -[620]
trans-1,2-Dichloroethene - [1,500]
Xylenes (total) - [35]

Water Level Data
Depth to Water (feet below top of riser)
                                                                                                                             
NOTES:

MDEQ Part 201 GSI Criteria exists for compound
Meets  MDEQ GSI Criteria
Does not meet MDEQ GSI Criteria
CFU = Colony Forming Unit
ND(x)=Not detected at or above concentration x
(J)=Estimated value
[ID] = Inadequate data to develop MDEQ criteria
na = not analyzed
{X} = The GSI criterion shown is not protective for surface water that 
is used as a drinking water source.

12/13/01 01/14/02 03/14/02 05/06/02 05/06/02 07/22/02 11/26/02

Baseline
After 

Injection 1
After 

Injection 2
After 

Injection 3
After 

Injection 3
After 

Injection 4 Follow up

(duplicate)
GW-17303-
JH-121301-

102

GW-17303-
011402-BN-

113

GW-17303-
031402-TJ-

119

GW-17303-
050602-MM-

125

GW-17303-
050602-MM-

126

GW-17303-
072202-MM-

133

GW-17303-
112602-MM-

153

6.36 8.19 7.37 7.37 7.37 7.136 6.66
0.07 0.32 1.38 0.2 0.2 0.266 0.17

-178.8 54 499 615 615 149.6 100
4.860 4.89 4.36 3.59 3.59 9.516 6.99
2.63 3.14 165.2 9.99 '9.99' ~15 1.4
15.1 12.48 11.28 13.74 13.74 18.92 16.14

1360 812 689 521 521 513 2,010
ND(5) ND(5) 230 222 na

1.07 3.66 21 20.6 24.2 68 na
20.7 1020 926 826 857 257 na

3.00E+04 1.2E+03 no growth
2.80E+04

8.00E+04 no growth no growth
8.60E+04

34 ND(1) ND(1) ND(1) ND(1) ND(1) 3
3 1 1 1 ND(1) ND(1) 2
31 12 ND(1) ND(1) ND(1) ND(1) 33
3 ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
2 ND(1) ND(1) ND(1) ND(1) ND(1) 3
9 1 1 1 1 9 4
6 ND(1) 2 1 2 ND(1) ND(1)

ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
ND(50) 110 ND(50) ND(50) ND(50) ND(50) ND (25)

260 490 240 400 380 820 ND (25)
180 80 68 58 62 8 180

ND(1) ND(1) 2 2 2 ND(1) ND(1)
ND(5) 26 17 10 11 ND(5) ND(5)
ND(1) 4 5 6 6 4 1

26 10 1 1 2 ND(1) ND(1)
ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)

8 ND(5) ND(5) ND(5) ND(5) ND(5) ND(5)
ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
ND(5) ND(5) ND(5) ND(5) ND(5) ND(5) ND(5)

170 84 66 48 53 4 210
12 30 12 ND(1) ND(1) ND(1) 150

200,000 14,000 420 ND(1) ND(1) ND(1) 100,000
12,000 2,800 590 ND(1) ND(1) ND(1) 7,400

600 210 6 ND(1) ND(1) ND(1) 600
115 63 36 20 21 ND(3) 196

11.19 11.33 10.69 10.55 10.55 11.13 12.13
Purple hue 
in samples

Dull purple 
water

Dull purple 
water

Yellow hue

IW-33
Area 1
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TABLE 5.2

GROUNDWATER ANALYTICAL RESULTS
 12/2001 THROUGH 11/2002

CVO AREA
FORMER WILLOW RUN ASSEMBLY PLANT

YPSILANTI, MICHIGAN

Injection Well Identification:
Injection Area (1=West, 2 =East)

Groundwater Sample Date:

Groundwater Sample ID:

Analytes

pH
DO (mg/l)
ORP (Mv)
Specific Conductivity (Ms/cm)
Turbidity (NTU)
Temp. (C)

Chloride (mg/l)
KMnO4 (mg/l)
Manganese (mg/l)
Potassium (mg/l)

Aerobic Total Microbial Population (CFUs/ml)
Aerobic Total Microbial Population (CFUs/ml)-dup

Anerobic Total Microbial Population (CFUs/ml)
Anerobic Total Microbial Population (CFUs/ml)-dup.

VOCs (ug/l):
 (MDEQ GSI Criteria shown in [brackets])
1,1,2-Trichloroethane - [330(X)]
1,1-Dichloroethane - [740]
1,1-Dichloroethene - [65(X)]
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene - [17]
1,2-Dichloroethane - [360(X)]
1,2-Dichloropropane - [290(X)]
1,3,5-Trimethylbenzene - [ID]
2-Butanone (MEK) -[2,200]
Acetone - [1,700]
Benzene- [200]
Bromodichloromethane - [ID]
Carbon disulfide - [ID]
Chloroform - [170]
Ethylbenzene - [18]
Isopropylbenzene - [ID]
Methylene Chloride -[940]
n-Propylbenzene - [30]
Naphthalene - [13]
Toluene - [140]
Trichloroethene- [200]
Vinyl chloride -[15]
cis-1,2-Dichloroethene -[620]
trans-1,2-Dichloroethene - [1,500]
Xylenes (total) - [35]

Water Level Data
Depth to Water (feet below top of riser)
                                                                                                                             
NOTES:

MDEQ Part 201 GSI Criteria exists for compound
Meets  MDEQ GSI Criteria
Does not meet MDEQ GSI Criteria
CFU = Colony Forming Unit
ND(x)=Not detected at or above concentration x
(J)=Estimated value
[ID] = Inadequate data to develop MDEQ criteria
na = not analyzed
{X} = The GSI criterion shown is not protective for surface water that 
is used as a drinking water source.

12/14/01 01/14/02 01/14/02 03/14/02 03/14/02 05/06/02 07/22/02 11/25/02

Baseline
After 

Injection 1
After 

Injection 1
After 

Injection 2
After 

Injection 2
After 

Injection 3
After 

Injection 4 Follow up

(duplicate) (duplicate)
GW-17303-
JH-121401-

103

GW-17303-
011402-BN-

114

GW-17303-
011402-BN-

115

GW-17303-
031402-TJ-120

GW-17303-
031402-TJ-

121

GW-17303-
050602-MM-

127

GW-17303-
072202-MM-

134

GW-17303-
112502-MM-

143

6.82 7.25 7.25 6.94 6.94 7.43 7.186 6.88
0.17 0.30 0.30 0.23 0.23 0.29 0.25 0.13
35.8 52 52 417 417 614 650 218

2.301 3 3 2.72 2.72 3.4 3.536 3.97
1.5 4.7 4.7 115 115 '9.99' 3.2
14.4 12.65 12.65 12.09 12.09 12.6 18.27 14.06

405 461 436 431 431 695 299 788
ND(5) ND(5) ND(5) ND(5) 50 ND(5) na

0.573 5.76 5.47 13.4 15.2 6.64 2.27 na
5.54 324 327 154 174 496 256 na

1.60E+04 1.70E+04 8.0E+02 9.00E+03
1.60E+04 1.70E+04

6.20E+04 4.30E+04 no growth 8.80E+02
5.40E+04 5.10E+04

ND(1) ND(1) ND(1) 9 8 4 ND(1) 2
ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)

20 2 2 6 6 ND(1) ND(1) 18
ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)

10 6 5 16 ND(1) ND(1) ND(1) 1
16 4 4 16 16 7 ND(1) 12

ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
3 2 2 6 6 ND(1) ND(1) ND(1)

ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND (25)
ND(100) ND(100) ND(100) ND(100) ND(100) 250 ND(100) ND (25)

20 5 5 22 21 10 1 15
ND(1) ND(1) ND(1) 1 1 ND(1) ND(1) ND(1)
ND(5) ND(5) ND(5) ND(5) ND(5) ND(5) ND(5) ND (5)

5 3 3 16 16 7 4 5
55 23 21 16 61 34 ND(1) ND (1)
2 ND(1) ND(1) 3 3 2 ND(1) ND (5)

ND(5) ND(5) ND(5) ND(5) ND(5) ND(5) ND(5) ND (5)
ND(1) ND(1) ND(1) 2 2 1 ND(1) ND (5)
ND(5) ND(5) ND(5) 5 6 ND(5) ND(5) ND (5)

95 25 25 88 83 44 ND(1) 40
1,200 380 380 350 360 ND(1) 1,700 220
2,100 1,100 1,200 1,600 1,400 ND(1) 40 2,800
16,000 1,200 1,400 13,000 11,000 ND(1) 180 13,000

62 50 51 750 660 ND(1) 45 360 J
350 170 158 440 430 104 ND(3) 49

11.88 11.87 11.87 11.11 11.11 11.15 12.19 12.7
Purple hue in 

samples
Purple hue 
in samples

Bright purple 
water

IW-46
Area 2
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TABLE 5.2

GROUNDWATER ANALYTICAL RESULTS
 12/2001 THROUGH 11/2002

CVO AREA
FORMER WILLOW RUN ASSEMBLY PLANT

YPSILANTI, MICHIGAN

Injection Well Identification:
Injection Area (1=West, 2 =East)

Groundwater Sample Date:

Groundwater Sample ID:

Analytes

pH
DO (mg/l)
ORP (Mv)
Specific Conductivity (Ms/cm)
Turbidity (NTU)
Temp. (C)

Chloride (mg/l)
KMnO4 (mg/l)
Manganese (mg/l)
Potassium (mg/l)

Aerobic Total Microbial Population (CFUs/ml)
Aerobic Total Microbial Population (CFUs/ml)-dup

Anerobic Total Microbial Population (CFUs/ml)
Anerobic Total Microbial Population (CFUs/ml)-dup.

VOCs (ug/l):
 (MDEQ GSI Criteria shown in [brackets])
1,1,2-Trichloroethane - [330(X)]
1,1-Dichloroethane - [740]
1,1-Dichloroethene - [65(X)]
1,2,3-Trichloropropane
1,2,4-Trimethylbenzene - [17]
1,2-Dichloroethane - [360(X)]
1,2-Dichloropropane - [290(X)]
1,3,5-Trimethylbenzene - [ID]
2-Butanone (MEK) -[2,200]
Acetone - [1,700]
Benzene- [200]
Bromodichloromethane - [ID]
Carbon disulfide - [ID]
Chloroform - [170]
Ethylbenzene - [18]
Isopropylbenzene - [ID]
Methylene Chloride -[940]
n-Propylbenzene - [30]
Naphthalene - [13]
Toluene - [140]
Trichloroethene- [200]
Vinyl chloride -[15]
cis-1,2-Dichloroethene -[620]
trans-1,2-Dichloroethene - [1,500]
Xylenes (total) - [35]

Water Level Data
Depth to Water (feet below top of riser)
                                                                                                                             
NOTES:

MDEQ Part 201 GSI Criteria exists for compound
Meets  MDEQ GSI Criteria
Does not meet MDEQ GSI Criteria
CFU = Colony Forming Unit
ND(x)=Not detected at or above concentration x
(J)=Estimated value
[ID] = Inadequate data to develop MDEQ criteria
na = not analyzed
{X} = The GSI criterion shown is not protective for surface water that 
is used as a drinking water source.

12/14/01 12/14/01 01/14/02 03/14/02 05/06/02 07/22/02 11/25/02

Baseline Baseline
After 

Injection 1
After 

Injection 2
After 

Injection 3
After 

Injection 4 Follow up

(duplicate)
GW-17303-
JH-121401-

104

GW-17303-
JH-121401-

105

GW-17303-
011402-BN-

116

GW-17303-
031402-TJ-122

GW-17303-
050602-MM-

128

GW-17303-
072202-MM-

135

GW-17303-
112502-MM-

142

6.82 6.82 7.28 7.34 7.71 7.412 7.49
1.18 1.18 0.75 0.23 0.21 0.226 0.42
18.9 18.9 58 254 560 388.2 -138

1.794 1.794 2.41 2.4 3.05 2.4 3.32
NA NA 2.39 4.31 20.2 ~50 0.05
12.9 12.9 11.63 9.78 11.93 17.91 13.94

345 362 290 345 339 1790 613
ND(5) ND(5) ND(5) ND(5) na

1.02 1.03 9.88 11.7 6.39 9.44 na
3.83 4.12 528 341 693 1,270 na

1.60E+04 1.8E+04 1.30E+04
1.70E+04

5.30E+04 2.8E+03 1.50E+03
6.10E+04

ND(1) ND(1) ND(1) ND(1) ND(1) 2 ND(1)
ND(1) ND(1) ND(1) ND(1) ND(1) 2 ND(1)

2 2 ND(1) ND(1) ND(1) 3 ND(1)
ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
ND(1) ND(1) ND(1) ND(1) ND(1) 3 ND(1)
ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)
ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND(1)

ND(50) ND(50) ND(50) ND(50) ND(50) ND(50) ND (25)
ND(100) ND(100) ND(100) ND(100) 140 ND(100) ND (25)

5 5 3 3 2 110 ND (1)
ND(1) ND(1) 1 2 2 ND(1) ND (1.0)
ND(5) ND(5) ND(5) ND(5) ND(5) 19 ND (5)

10 9 10 16 11 6 2
ND(1) 1 ND(1) ND(1) ND(1) ND(1) ND (1)
ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND (5)
ND(5) ND(5) ND(5) ND(5) ND(5) ND(5) ND (5)
ND(1) ND(1) ND(1) ND(1) ND(1) ND(1) ND (5)
ND(5) ND(5) ND(5) ND(5) ND(5) ND(5) ND (5)

4 4 1 1 1 120 1
10,000 13,000 8,400 8,300 5,800 65 1,400
87(J) 96(J) 19 110 19 27,000           86
2,100 2,300 310 700 360 1,500             570

78 69 12 ND(50) 10 150 27
ND(3) ND(3) ND(3) ND(3) ND(3) 93 ND (3)

12.5 12.5 12.47 11.71 11.72 13.03 13.35
Dark purple 

water
Light Brown 

/ Purple 
Liquid

IW-49
Area 2
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TABLE 5.3

GROUNDWATER ANALYTICAL RESULTS
NOVEMBER 2002 

CVO AREA
FORMER WILLOW RUN ASSEMBLY PLANT

YPSILANTI, MICHIGAN

Area 1
Regularly Monitored Extended November Sampling Event

Location IW-9 IW-12 IW-33 IW-2 IW-18 IW-26 IW-30 IW-30 MW-3

Analytes/Sample ID GSI FAV

GW-17303-
112502-MM-

144

GW-17303-
112502-MM-

145

GW-17303-
112602-MM-

153

GW-17303-
112602-MM-

148

GW-17303-
112602-MM-

154

GW-17303-
112602-MM-

151

GW-17303-
112602-MM-

149

GW-17303-
112602-MM-

150

GW-17303-
112602-MM-

152
Duplicate

pH 7.38 6.8 6.66 6.88 6.85 7.01 6.7 6.7 7.02
DO (mg/l) 0.18 0.17 0.17 0.22 0.18 0.18 0.1 0.1 0.19
ORP (mV) -112 110 100 116 -120 -4 -97 -97 -63
Specific Conductivity (mS/cm) 4.63 3.72 6.99 3.96 5.4 2.67 5.6 5.6 3.08
Turbidity (NTU) 3.5 2 1.4 3.7 2 0.5 0.3 0.3 3.5
Temp. (C) 13.04 14.09 16.14 13.47 14.79 13.14 15.33 15.33 15.87

Chemical Oxygen Demand (mg/l) 240 135 146 133 126 76.9 174 169 71.8
Chloride (mg/l) 946 753 2,010 928 1,580 560 1,490 1,490 595
Diesel Range Organics (mg/l) 0.75 0.49 0.25 1 0.66 1.7 J 1.6 0.29 ND (0.1)
Gasoline Range Organics (ug/l) 12,000 21,000 4,300 16,000 47,000 4,100 19,000 20,000 3,800

VOCs (ug/l):
1,1,1,2-Tetrachloroethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,1,1-Trichloroethane 200 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,1,2,2-Tetrachloroethane 78 {X} ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,1,2-Trichloroethane 330 {X} ND (1.0) ND (1.0) 3 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,1-Dichloroethane 740 ND (1.0) ND (1.0) 2 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,1-Dichloroethene 65 {X} 2,300 28 220 33 77 1,300 20 J 330 320 15
1,2,3-Trichloropropane NA ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,2,4-Trichlorobenzene 30 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,2,4-Trimethylbenzene 17 310 10 ND (1.0) 3 ND (1.0) 44 36 20 20 ND (1.0)
1,2-Dibromo-3-chloropropane NA ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,2-Dichlorobenzene 16 1 ND (1.0) ND (1.0) ND (1.0) 2 ND (1.0) 3 ND (1.0) ND (1.0)
1,2-Dichloroethane 360 {X} ND (1.0) ND (1.0) 4 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,2-Dichloropropane 290 {X} ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,3,5-Trimethylbenzene ID 4 ND (1.0) ND (1.0) ND (1.0) 10 7 7 8 ND (1.0)
1,3-Dichlorobenzene 38 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,4-Dichlorobenzene 13 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
2-Butanone (MEK) 2,200 ND (25) ND (25) ND (25) ND (25) ND (25) ND (25) ND (25) ND (25) ND (25)
2-Hexanone NA ND (50) ND (50) ND (50) ND (50) ND (50) ND (50) ND (50) ND (50) ND (50)
4-Methyl-2-pentanone ID ND (50) ND (50) ND (50) ND (50) ND (50) ND (50) ND (50) ND (50) ND (50)
Acetone 1,700 ND (25) ND (25) ND (25) ND (25) ND (25) ND (25) ND (25) ND (25) ND (25)
Benzene 200 {X} 43 160 180 48 32 21 J 160 150 59
Bromochloromethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Bromodichloromethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Bromoform ID ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Bromomethane 35 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Carbon disulfide ID ND (5.0) 5 ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0)
Carbon tetrachloride 45 {X} ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Chlorobenzene 47 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Chloroethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Chloroform 170 {X} ND (1.0) ND (1.0) 1 ND (1.0) 1 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Chloromethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Dibromochloromethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Dibromomethane NA ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Dichlorodifluoromethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Ethyl Ether ID ND (20) ND (20) ND (20) ND (20) ND (20) ND (20) ND (20) ND (20) ND (20)
Ethylbenzene 18 320 30 7 ND (1.0) ND (1.0) 170 28 5 5 1
Iodomethane NA ND (10) ND (10) ND (10) ND (10) ND (10) ND (10) ND (10) ND (10) ND (10)
Isopropylbenzene ID 38 ND (5.0) ND (5.0) ND (5.0) 16 58 94 94 ND (5.0)
Methylene Chloride 940 {X} ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0) ND (5.0)
n-Propylbenzene ID ND (5.0) ND (5.0) ND (5.0) ND (5.0) 5 ND (5.0) ND (5.0) ND (5.0) ND (5.0)
Naphthalene 13 200 ND (5.0) ND (5.0) ND (5.0) ND (5.0) 20 100 73 83 ND (5.0)
Styrene 80 7 ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) 1 ND (1.0) ND (1.0)
Tetrachloroethene 45 {X} ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Toluene 140 1,700 1,200 480 210 110 1,400 J 300 270 260 48
trans-1,4-Dichloro-2-Butene NA ND (50) ND (50) ND (50) ND (50) ND (50) ND (50) ND (50) ND (50) ND (50)
Trichloroethene 200 {X} 3,500 14 780 150 58 24,000 700 26 26 1
Vinyl chloride 15 17,000 73,000 74,000 100,000 49,000 17,000 12,000 75,000 75,000 19,000
cis-1,2-Dichloroethene 620 11,000 29,000 60,000 7,400 53,000 76,000 13,000 58,000 60,000 9,800
cis-1,3-Dichloropropene NA ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
trans-1,2-Dichloroethene 1,500 28,000 860 J 2,200 600 1,800 J 8,400 440 J 3,800 4,100 420 J
trans-1,3-Dichloropropene NA ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Xylenes (total) 35 630 ND (3,000) 100 196 83 1,360 120 260 260 6

Notes
GSI Groundwater Surface Water Interface Criteria MDEQ Part 201 Generic Cleanup Criteria and Screening Levels - December 21, 2002
FAV Final Acute Value, MDEQ [Rule 323.1057 (Toxic Substances) of the Part 4. Water Quality Standards]
{X} The GSI criterion shown is not protective for surface water that is used as a drinking water source. 
J The analyte was positively identified; the associated numerical value is the approximate concentration of the 

analyte in the sample (for detected parameters).
ID Inadequate data to develop criterion.
NA Criterion or value is not available.
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TABLE 5.3

GROUNDWATER ANALYTICAL RESULTS
NOVEMBER 2002 

CVO AREA
FORMER WILLOW RUN ASSEMBLY PLANT

YPSILANTI, MICHIGAN
Area 2

Regularly Monitored Extended November Sampling Event
Location IW-46 IW-49 IW-45 MW-12

Analytes/Sample ID GSI FAV
GW-17303-

112502-MM-143
GW-17303-

112502-MM-142
GW-17303-112502-

MM-140
GW-17303-112502-

MM-141

pH 6.88 7.49 7.2 6.87
DO (mg/l) 0.13 0.42 0.52 0.39
ORP (mV) 218 -138 220 232
Specific Conductivity (mS/cm) 3.97 3.32 2.55 2.01
Turbidity (NTU) 3.2 0.05 1.3 2.4
Temp. (C) 14.06 13.94 12.01 11.48

Chemical Oxygen Demand (mg/l) 47.5 42.5 55 5
Chloride (mg/l) 788 613 359 280
Diesel Range Organics (mg/l) 0.26 0.2 0.47 ND (0.1)
Gasoline Range Organics (ug/l) 4,700 480 350 140

VOCs (ug/l):
1,1,1,2-Tetrachloroethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,1,1-Trichloroethane 200 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,1,2,2-Tetrachloroethane 78 {X} ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,1,2-Trichloroethane 330 {X} 2 ND (1.0) ND (1.0) ND (1.0)
1,1-Dichloroethane 740 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,1-Dichloroethene 65 {X} 18 ND (1.0) ND (1.0) ND (1.0)
1,2,3-Trichloropropane NA ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,2,4-Trichlorobenzene 30 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,2,4-Trimethylbenzene 17 1 ND (1.0) ND (1.0) ND (1.0)
1,2-Dibromo-3-chloropropane NA ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,2-Dichlorobenzene 16 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,2-Dichloroethane 360 {X} 12 ND (1.0) ND (1.0) ND (1.0)
1,2-Dichloropropane 290 {X} ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,3,5-Trimethylbenzene ID ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,3-Dichlorobenzene 38 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,4-Dichlorobenzene 13 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
2-Butanone (MEK) 2,200 ND (25) ND (25) ND (25) ND (25)
2-Hexanone NA ND (50) ND (50) ND (50) ND (50)
4-Methyl-2-pentanone ID ND (50) ND (50) ND (50) ND (50)
Acetone 1,700 ND (25) ND (25) ND (25) ND (25)
Benzene 200 {X} 15 ND (1.0) ND (1.0) ND (1.0)
Bromochloromethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Bromodichloromethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Bromoform ID ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Bromomethane 35 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Carbon disulfide ID ND (5.0) ND (5.0) ND (5.0) ND (5.0)
Carbon tetrachloride 45 {X} ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Chlorobenzene 47 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Chloroethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Chloroform 170 {X} 5 2 ND (1.0) ND (1.0)
Chloromethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Dibromochloromethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Dibromomethane NA ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Dichlorodifluoromethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Ethyl Ether ID ND (20) ND (20) ND (20) ND (20)
Ethylbenzene 18 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Iodomethane NA ND (10) ND (10) ND (10) ND (10)
Isopropylbenzene ID ND (5.0) ND (5.0) ND (5.0) ND (5.0)
Methylene Chloride 940 {X} ND (5.0) ND (5.0) ND (5.0) ND (5.0)
n-Propylbenzene ID ND (5.0) ND (5.0) ND (5.0) ND (5.0)
Naphthalene 13 ND (5.0) ND (5.0) ND (5.0) ND (5.0)
Styrene 80 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Tetrachloroethene 45 {X} ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Toluene 140 40 1 ND (1.0) ND (1.0)
trans-1,4-Dichloro-2-Butene NA ND (50) ND (50) ND (50) ND (50)
Trichloroethene 200 {X} 3,500 220 1,400 560 J 140
Vinyl chloride 15 17,000 2,800 86 32 ND (1.0)
cis-1,2-Dichloroethene 620 11,000 13,000 570 480 14
cis-1,3-Dichloropropene NA ND (1.0) ND (1.0) ND (1.0) ND (1.0)
trans-1,2-Dichloroethene 1,500 360 J 27 ND (1.0) ND (1.0)
trans-1,3-Dichloropropene NA ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Xylenes (total) 35 630 49 ND (3.0) ND (3.0) ND (3.0)

Notes
GSI Groundwater Surface Water Interface Criteria MDEQ Part 201 Generic Cleanup Criteria and 

Screening Levels - December 21, 2002
FAV Final Acute Value, MDEQ [Rule 323.1057 (Toxic Substances) of the Part 4. Water Quality Standards]
{X} The GSI criterion shown is not protective for surface water that is used as a drinking water source. 
J The analyte was positively identified; the associated numerical value is the approximate concentration of the 

analyte in the sample (for detected parameters).
ID Inadequate data to develop criterion.
NA Criterion or value is not available.

Exceeds GSI criteria
ND (50) Not detected at the reporting limit (in brackets)
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TABLE 5.3

GROUNDWATER ANALYTICAL RESULTS
NOVEMBER 2002 

CVO AREA
FORMER WILLOW RUN ASSEMBLY PLANT

YPSILANTI, MICHIGAN

Site Wide Wells
Extended November Sampling Event

Location MW-4 MW-13 MW-13 MW-14

Analytes/Sample ID GSI FAV

GW-17303-
112602-MM-

155

GW-17303-
112502-MM-

137

GW-17303-
112502-MM-

139

GW-17303-
112502-MM-

138
Duplicate

pH 7.09 7.14 7.14 7.24
DO (mg/l) 0.14 1.83 1.83 0.49
ORP (mV) -127 126 126 -30
Specific Conductivity (mS/cm) 4.86 1.22 1.22 1.24
Turbidity (NTU) 4.3 0.43 0.43 0.8
Temp. (C) 11.24 12.24 12.24 13.37

Chemical Oxygen Demand (mg/l) 18 ND (3.0) ND (3.0) ND (3.0)
Chloride (mg/l) 1,530 186 151 162
Diesel Range Organics (mg/l) ND (0.1) ND (0.1) ND (0.1) ND (0.1)
Gasoline Range Organics (ug/l) ND (20) ND (20) ND (20) ND (20)

VOCs (ug/l):
1,1,1,2-Tetrachloroethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,1,1-Trichloroethane 200 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,1,2,2-Tetrachloroethane 78 {X} ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,1,2-Trichloroethane 330 {X} ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,1-Dichloroethane 740 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,1-Dichloroethene 65 {X} ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,2,3-Trichloropropane NA ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,2,4-Trichlorobenzene 30 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,2,4-Trimethylbenzene 17 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,2-Dibromo-3-chloropropane NA ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,2-Dichlorobenzene 16 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,2-Dichloroethane 360 {X} ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,2-Dichloropropane 290 {X} ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,3,5-Trimethylbenzene ID ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,3-Dichlorobenzene 38 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
1,4-Dichlorobenzene 13 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
2-Butanone (MEK) 2,200 ND (25) ND (25) ND (25) ND (25)
2-Hexanone NA ND (50) ND (50) ND (50) ND (50)
4-Methyl-2-pentanone ID ND (50) ND (50) ND (50) ND (50)
Acetone 1,700 ND (25) ND (25) ND (25) ND (25)
Benzene 200 {X} ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Bromochloromethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Bromodichloromethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Bromoform ID ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Bromomethane 35 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Carbon disulfide ID ND (5.0) ND (5.0) ND (5.0) ND (5.0)
Carbon tetrachloride 45 {X} ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Chlorobenzene 47 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Chloroethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Chloroform 170 {X} ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Chloromethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Dibromochloromethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Dibromomethane NA ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Dichlorodifluoromethane ID ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Ethyl Ether ID ND (20) ND (20) ND (20) ND (20)
Ethylbenzene 18 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Iodomethane NA ND (10) ND (10) ND (10) ND (10)
Isopropylbenzene ID ND (5.0) ND (5.0) ND (5.0) ND (5.0)
Methylene Chloride 940 {X} ND (5.0) ND (5.0) ND (5.0) ND (5.0)
n-Propylbenzene ID ND (5.0) ND (5.0) ND (5.0) ND (5.0)
Naphthalene 13 ND (5.0) ND (5.0) ND (5.0) ND (5.0)
Styrene 80 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Tetrachloroethene 45 {X} ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Toluene 140 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
trans-1,4-Dichloro-2-Butene NA ND (50) ND (50) ND (50) ND (50)
Trichloroethene 200 {X} ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Vinyl chloride 15 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
cis-1,2-Dichloroethene 620 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
cis-1,3-Dichloropropene NA ND (1.0) ND (1.0) ND (1.0) ND (1.0)
trans-1,2-Dichloroethene 1,500 ND (1.0) ND (1.0) ND (1.0) ND (1.0)
trans-1,3-Dichloropropene NA ND (1.0) ND (1.0) ND (1.0) ND (1.0)
Xylenes (total) 35 ND (3.0) ND (3.0) ND (3.0) ND (3.0)

Notes
GSI Groundwater Surface Water Interface Criteria MDEQ Part 201 Generic Cleanup 

Criteria and Screening Levels - December 21, 2002
FAV Final Acute Value, MDEQ [Rule 323.1057 (Toxic Substances) of the Part 4. Water Quality Standards]
{X} The GSI criterion shown is not protective for surface water that is used as a drinking 

water source. 
ID Inadequate data to develop criterion.
NA Criterion or value is not available.

Exceeds GSI criteria
ND (50) Not detected at the reporting limit (in brackets)
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